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Summary
Over the last 30 years the world has seen a dramatic increase in the prevalence of
myopia, which has been empirically related to nearwork. This has led to greater awareness
of the role of environmental factors in the development of vision, and incidence of refractive
errors. Interestingly, schooling demands and computer use in education have increased,
alongside increased anecdotal clinical reports of asthenopic symptomatology among school
children.
Study 1 sought to epidemiologically investigate refractive distribution in children
from a Middle Eastern background being educated in Australia. The prevalence of myopia
was not different to that reported for similar age Australian school children. Study 2
investigated refractive status in two groups with a similar genetic background, located in
metropolitan Istanbul but at different extremes of Socio-Economic Status. As expected, the
results indicated a higher prevalence of myopia in younger children attending private school,
but significantly better habitual visual acuity and less amblyopia than ethnically similar
peers from lower socioeconomic backgrounds. Study 3 investigated the relationship between
refractive status and nearwork-related symptoms in a school population. Unexpectedly, 45%
of middle school students, including emmetropes, reported asthenopic symptoms when
administered the Convergence Insufficiency Symptom Survey (CISS). Thus Study 4
investigated whether the perceived symptoms in emmetropes could be related to clinically
diagnosable binocular vision anomalies (BVA). Five tests were identified that could
significantly discriminate symptoms (accommodative facility<amplitude of
accommodation<positive relative accommodation<vergence facility<near point of
convergence), and six CISS questions related to nearwork were identified that were good
predictors of BVA. Factor analysis of CISS questions indicated that symptoms fell into 2
groups associated with ocular comfort and performance on cognitive school-type tasks.
This thesis provides evidence for environmental and educational lifestyle impact on
refractive distribution, ocular comfort and BVA, and highlights the need for a better school
or clinically-based screening regime able to detect subtle but symptomatic BVA. Results
suggest a shortened CISS could fill this need and be incorporated into a quick and efficient
non-specialist based vision-screening strategy.
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Chapter 1: General Background
The visual system is now accepted as the most important sensory interface that a
human has with their environment (e.g. Kupers, Pietrini, Ricciardi, & Ptito, 2011). As the
initiator of selective attention, anything that might interfere with the effectiveness and/or
efficiency of this system is likely to affect the way a person interacts with their
surroundings. In children, untreated vision anomalies may have long lasting effects on how
they see and learn from their environment (e.g. Roch-Levecq, Brody, Thomas, & Brown,
2008), which could potentially affect their learning trajectory (Kassem, Rubin, & Kodsi,
2012), adult lifestyle and career prospects (Lim & Chan, 2008). Equally important is the
potential  exacerbation  of  the  effects  of  such  anomalies  by  today’s  educational environment
with the progressively increasing demands for harmonious interplay between accommodation
and convergence to cater for the expanding hours of nearwork. Added to this is the recent
phenomenon  of  visually  intense  ‘near  play’  using  handheld  electronic  devices  at close
distances with small fonts that many children pursue for leisure (Bababekova, Rosenfield,
Hue, & Huang, 2011).
There has been some research to determine how best to ensure that every school child
has adequate visual function and ocular comfort to ensure best academic progress. Clinicians
predominantly test school children for refractive errors and less frequently extend the
examination to exclude potential binocular vision anomalies (BVA) for ocular discomfort and
asthenopia. To date little rigorous consideration has been given to the anecdotal literature
suggesting lower quality of life in children and adults may be associated with uncorrected
refractive error (Brady, Villanti, Gandhi, Friedman, & Keay, 2012) and accommodation
insufficiency (Marran, De Land, & Nguyen, 2006). Thus, the primary aim of this thesis was
to determine the environmental effect on vision anomalies in school children and to examine
whether  today’s  educational and electronic social environment could play a role in
development of refractive error and symptoms of ocular discomfort.
Current schooling practices for children beyond the first couple of years create visual
demands substantially different to those evolutionary demands under which the primate
visual system developed. Upper primary and secondary schooling today require prolonged
periods of intense concentration, usually on individualised nearwork, whether a book or
computer or hand-held device is utilised (for example, the Turkish Private Education system
1

has all children from kindergarten up carry and use lap-top computers daily). For the
academically attentive child, periods of near concentration are unlikely to be regularly
interrupted by equal periods of distance vision, creating a very different visual environment
to that experienced by most of the world even 50 years ago. In fact, anecdotally with the
increase of computer applications for all age groups it can be seen that nearwork has moved
beyond  ‘academia’  and  is  used  frequently  for  ‘near-computer-play’  purposes,  in  children  as  
young as 3 years of age. When farmers and outdoor blue-collar workers were more common
than white-collar professionals, the visual norm was mainly distance vision, interspersed by
short periods of close work. Thus from an evolutionary viewpoint, the apparent increase in
incidence of visual symptoms (Mahto, 1972; Sheedy, Hayes, & Engle, 2003; Suchoff &
Petito, 1986; Yekta, Pickwell, & Jenkins, 1989) reported by school children during upper
primary and early secondary years of education is not surprising and warrants increased
research attention and an evidence based approach.
Emmetropia, or near-zero refractive error, has always been considered the most
comfortable and common refractive state (Mulet, Alio, & Knorz, 2009). However, many
children with no clinical refractive error have been reported to experience visual discomfort
(Ip, Robaei, Rochtchina, & Mitchell, 2006; Marran et al., 2006). The most common
anomalies in school children that have been suggested to be associated with symptoms can be
broken down into two main categories (i) refractive - those biometric components of the eye
affecting the focusing of the eye(s), and pertaining to (ii) binocularity – the sensory-motor
aspects of brain function affecting the coordination of the two eyes to obtain and maintain a
3D focussed image (Borsting et al., 2003). The impact of not treating such vision anomalies
in childhood has been shown to lead to negative educational and career outcomes, in addition
to irritating symptoms as individuals develop into adults (see recent review by Davidson &
Quinn, 2011).
Refractive anomalies are conceptualised as the inability of the retina to adequately
control the growth of the optical components of the eye and enable clear focus of the object
of interest on the fovea (Wallman & Winawer, 2004). The condition wherein either one or
both eyes cannot focus the image on the retina, without aid from accommodation, is known
as ametropia. Ametropic conditions can be categorised as myopia, hyperopia, and
astigmatism.
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Myopia (short sightedness) is the commonest visual disorder with a prevalence in
upper primary school children of between 40-50% in Asia (Goh, Abqariyah, Pokharel, &
Ellwein, 2005; Murthy et al., 2002), ~ 10 % in USA (e.g. Kleinstein et al., 2003) and ~14% in
Australia (Junghans, Kiely, Crewther, & Crewther, 2002), while Middle Eastern countries
record urban prevalences as low as 5-10% (Hashemi, Fotouhi, & Mohammad, 2003;
Khandekar & Abdu-Helmi, 2004). Hyperopia (long sightedness) of higher dioptre is also
fairly common in children, with prevalences in primary school children in Asia of 5-10%
(Asher et al., 2006), Western countries 15% (Kleinstein et al., 2003) and Middle Eastern
countries ~10% (Group, 2010). Astigmatism commonly co-exists with both myopia and
hyperopia. An important variant of ametropia is anisometropia (significantly unequal
refraction in the two eyes) and is often associated with amblyopia, where the dominant eye
usually has the more myopic refraction and the amblyopic eye is usually more hyperopic
(Weakley, 2001). A child with anisometropia will not typically complain of poor vision
because initially the dominant eye sees relatively well without accommodative effort. This
means that the relatively hyperopic eye is left unfocused, triggering poor development of
vision through that eye. If left uncorrected optically or untreated therapeutically, the resultant
condition is referred to as amblyopia. However, as amblyopia is eminently treatable, early
detection of this typically silent disorder is important to improve visual efficiency and
stereopsis (K. Simons, 2005).
In general, refractive error varies greatly at birth depending on genetic predisposition
(Hofstetter, 1969; I. Morgan & Rose, 2005), but is seen to decrease with visual experience
and age; an active process termed emmetropisation (see review (Troilo, 1992)). This process
is conceptualised as an interaction between the rapid increase in eye size in early childhood
visual experience, and need for clear sharp vision that proceeds more slowly into the early
school years (Troilo, 1992; Wildsoet, 1997). An important question is why do so many
children lose their emmetropic state, a scenario seen to occur most often during school years.
In terms of research, myopia has attracted much greater attention than hyperopia due
to its rapidly increasing prevalence in most urban societies, as seen in Singapore between
1975 and 1999, where the prevalence of myopia rose from 25-80+% in young male military
service recruits (Saw, Chia, & Chew, 1999; Saw, Wu, et al., 2001; Seet et al., 2001). In
addition, myopia has  associated  medical  ‘risk  ‘  factors,  with  a  reported 86% of severe sight
threatening secondaries (Edwards, 1996).
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On the other hand, there has been comparatively little emphasis paid to diagnosing
and/or treating hyperopia as it has long been considered that the associated consequences are
fairly mild, and because young hyperopes should be able to utilise their substantial
accommodative reserves to neutralise any refractive error. However, correction has been
shown to lead to better development of visual acuity (Friedburg & Kloppel, 1996). In terms
of clarity of vision, young myopes can do little to ameliorate the distance blur unless they
utilise very bright light to constrict pupil or squint eyelids inducing a pinhole effect to
concomitantly increase the depth of focus and improve vision. Astigmats can never
ameliorate the situation even if one meridian is amenable to the influence of accommodation,
as accommodation occurs simultaneously for all meridians and the eye can never focus both
principal meridians simultaneously (Atchison, Guo, Charman & Fisher, 2009). The treatment
guidelines for the refractive groups state all degrees of myopia above 0.5 D and astigmatism
above -0.75 D cylinder should be corrected, whereas treatment guidelines for hyperopia are
less stringent and variably interpreted (American Optometric Association, 2008).
Myopes and astigmats are also more likely to receive optical correction promptly, as
the symptoms of blurred distance vision are easier to identify in children compared to the less
specific and more nebulous generalised symptoms experienced by a child with hyperopia. An
uncorrected hyperope is theoretically assumed to not be symptomatic even though
uncorrected hyperopic individuals must accommodate for all distances. Physiological
accommodation refers to the increase in the refractive power of the lens required to focus
upon near objects. Furthermore, accommodation on a near object is reflexly accompanied by
a concomitant convergence of the two eyes in order to maintain focussed single vision. For
the hyperope this creates a constant problem. The hyperope must by necessity accommodate
and maintain focus on a image for both distance, as well as for near, and must concomitantly
also continuously modulate the alignment of the two eyes. That is, for far viewing, the
hyperope must accommodate without convergence as the visual axes must be kept parallel for
distant  viewing  whilst  for  near  the  hyperope’s  excessive  accommodation  at the plane of the
book triggers over-convergence. Hence, for the hyperope any increase in accommodation
will also require associated, active opposition to the reflex convergence i.e. enforced
divergence, both at near and at far. Thus, evidence is needed to determine whether these
extra demands on ocular realignment could potentially be a biological explanation for the
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many anecdotal reports of asthenopia among hyperopic school children in particular (See
Chapters 6 and 7).
All refractive errors impose a degree of sensory blur. Any additional reflex stresses
on the accommodative and convergence motor systems may make maintenance of
appropriate binocular alignment a likely source of ocular discomfort. Unfortunately,
however, the optimal means of detection and treating binocular anomalies are controversial
due to (i) the complexities of the accommodation-convergence systems and their interactions
and (ii) the lack of consensus of the exact diagnostic criteria defining each of the individual
binocular vision anomalies (BVA) and (iii) the lack of precision in defining the presence of
significant symptoms associated with these anomalies.
Environmental influences are driving myopia levels and this has been seen in
differing levels in all populations around the world, from East Asian (Shimizu et al., 2003;
Tay, Au Eong, Ng, & Lim, 1992; L. Wong, Coggon, Cruddas, & Hwang, 1993; T. Y. Wong,
Foster, Johnson, & Seah, 2002), European (Katz, Tielsch, & Sommer, 1997; Teasdale, Fuchs,
& Goldschmidt, 1988; Teasdale & Goldschmidt, 1988; Wang, Klein, Klein, & Moss, 1994;
Wensor, McCarty, & Taylor, 1999), African (Lewallen, Lowdon, Courtright, & Mehl, 1995)
and Australian (Azizoglu, Junghans, Barutchu, & Crewther, 2011). These environmental
effects are also evident when ethnic groups move to countries of less or more myopic
prevalence. Asian communities are seen to show a decrease in myopia prevalence (Ip,
Huynh, et al., 2008) when living and schooling within Western countries and vice versa
(Lam, Goldschmidt, & Edwards, 2004), although their prevalence data does not fully reflect
their  host  country’s  data.    This  is  assumed  to  be  due  to  communities  still  maintaining  personal  
and cultural life styles and customs. It is also likely that the refractive dynamics of any
immigrant community is also subject to cultural and behavioural changes elicited by changes
in lifestyle and environment of the new country (Chapter 3, Azizoglu, 2010). These
environmental effects have been suggested to be attributable to more frequent outdoor
activity (Rose et al., 2008) and less demanding educational environment in Australia than the
Asian countries previously mentioned. However, dissociating cultural manifestations in daily
living of children of families who have migrated from other ethnic regions of the world to
Australia is difficult. This thesis aimed to approach the examination of environmental effects
on refractive distribution in Study 1 and 2, by investigating environmental effects in two
different populations that have not previously been studied.
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The first study in this thesis aimed to investigate whether second generation Middle
Eastern schoolchildren in Australia would show a pattern of prevalence of refractive errors
more comparable to their ethnic relatives in the Middle East or to their Australian peers (See
Chapter 4). Our hypothesis was that the prevalence of myopia would be higher for Middle
Eastern children in Australia than Middle Eastern children still living and being schooled in
the Middle East and that children from Middle Eastern backgrounds in Australia would have
a similar prevalence of myopia to that found in other Australian studies (Ip, Saw, et al., 2008;
Junghans & Crewther, 2003; Walters, 1984), as a result of being in the same educational
environment (school constituting a large part of each day and an important social component
of any child's life and where the sense of vision is central to learning and any academic
pursuits). The results of Study 1 indicated that the prevalence of myopia was indeed
extremely similar to known Australian averages of 14% in similarly aged children (Junghans
et al., 2002). This finding for children coming from a Middle Eastern background, in light of
myopia prevalence in the Middle East being much lower at approximately 5% (Khandekar &
Abdu-Helmi, 2004), suggests environmental influence upon refractive distribution. Similar
results have been reported for other ethnic groups in other countries (Kleinstein et al., 2003).
Australian education system and living standards are fairly uniform across the
country, whereas this is not so in many other countries, e.g. Turkey, the education system is
of variable standard even within the same suburb, especially where there are large
socioeconomic differences between private and public government funded schools. Thus the
second study aimed to take the environment versus genetics debate one step further, and
investigate the effects of educational and social differences in the same ethnic population
schooling within the same locality in Istanbul, Turkey (See Chapter 5).
A further major change in the visual environment is the recent widespread use of
computers and hand held devices especially by younger adults and children, with working
distances generally observed to be closer than reading distance (Y. Wang, Bao, Ou, Thorn, &
Lu, 2013). One can only wonder how many hours a day in total that this visually intensive
‘near  play’  adds  to  any  burdens  on the visual sensory system. Hence, understanding
nearpoint accommodation-convergence nexus has become extremely important.
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The nearwork debate is not new, having been under investigation for over 100 years,
since it was first suggested by Cohn in 1867 (cited in (Goldschmidt, 1968)) that the more
educated and those doing detailed near point occupations were more likely to be myopic.
Sustained focus on near targets requires a balanced and efficient accommodation-vergence
system, hence prolonged intense schooling is more likely to possibly fatigue and stress the
flexibility of the combined system. Indeed there are many anecdotal reports linking
hyperopia and visual asthenopia. Yet, refractive error in most hyperopic children, is rarely
corrected (Lyons et al., 2004), even upon diagnosis (Robaei, Kifley, Rose, & Mitchell, 2006;
Robaei, Rose, Kifley, & Mitchell, 2005). There continues to be substantial controversy over
when and what amount of correction is needed (Dwyer & Wick, 1995). Additionally, there is
disregard for the notion of a direct link between hyperopia and cognitive functions, although
Atkinson et al. (2007) showed poorer overall performance on visuoperceptual, cognitive,
motor, and attention tests in hyperopic children (between 1 and 7 years of age) than in
controls. This reduction of visuoperceptual performance in hyperopes did not extend to early
language or phonological awareness tasks (Atkinson, Braddick, Nardini, & Anker, 2007).
The same authors also showed that spectacle wear in infant hyperopes produced better visual
outcomes than those left uncorrected (Atkinson et al., 2007). Research into the correlation
between hyperopia and visual comfort appears inconclusive, partly due to the general lack of
a full investigation of associated binocular vision anomalies. In addition, with reports of
uncorrected clinically significant hyperopia developing other associated abnormalities;
including amblyopia, strabismus, poor accommodative function, or poor visual perceptual
skills (Kida, Kurome, & Hayasaka, 1995; Mutti, Candy, Cotter, & Haegerstrom-Portnoy,
2007; W. R. Williams, Latif, Hannington, & Watkins, 2005) the importance of thorough
research cannot be dismissed.
Thus given the continuing reports of asthenopia associated with refractive errors and
in particular among hyperopes and the relatively high number of hyperopic school children in
Australia and Turkish schools identified by Study 1 and 2, and others (Ip, Robaei, et al.,
2008), a further aim of this thesis was to investigate the influence of lifestyle and educational
environment on development of binocular vision and reported asthenopia in middle school
children. Thus the third study investigated whether children with uncorrected refractive
errors, particularly hyperopes, were more likely to be asthenopic. The study continued to use
an epidemiological approach to the prevalence of refractive anomalies and introduced the use
of a currently available survey, the Convergence Insufficiency Symptom Survey (CISS),
7

which is related to visual comfort and asthenopia during close work (Borsting et al., 2003;
Borsting, Rouse, & De Land, 1999; E. Borsting et al., 2003; M. Rouse, Borsting, Mitchell,
Cotter, et al., 2009; M. W. Rouse et al., 2004). Although this survey was specifically
designed to monitor progress with treatment for convergence insufficiency (CI), it is
hypothesised that it could be usefully employed as a tool for appraising commonly
experienced visual symptoms and asthenopia. This survey has been validated on school
children (Borsting et al., 2003) and adults (Rouse et al., 2004), and shown to have good
specificity and sensitivity for convergence insufficiency (Rouse, Borsting, Mitchell, Cotter, et
al., 2009). In Study 3, symptoms were reported by all refractive groups with the greatest
number of symptoms being reported by amblyopes and high hyperopes, raising the question
as to whether symptoms are a physiological outcome of near work induced binocular vision
function. Further interesting results from the third study were that many children without any
refractive error had a mean CISS scores at least 1 standard deviation above the mean found
by  the  developer’s  of  the  survey (Borsting et al., 2003). Thus, a fourth study was designed to
investigate whether binocular vision functions correlate with the symptomatology in only
emmetropes. Indeed Study 4 aimed to explore binocular function as a physiological bases for
such symptoms in emmetropes
The following literature review will discuss refractive development and distribution
around the world for comparative purposes. The review will also focus on other visual
anomalies found in school children, including BVA, strabismus and amblyopia, and discuss
the binocular vision mechanism and clinical diagnosis variability, as these form the core of
the reason why binocular vision is or is not diagnosed and managed. The review will also
relate vision to academic behaviours and symptoms. The underlying purpose of this thesis is
to investigate the environmental effects in visual development. Further, it is emphasised that
on the basis of the results found, all school children may require regular vision assessments to
identify potentially manageable conditions before they become bothersome to the child. This
is  particularly  so  given  that  today’s  child interacts more with their near environment through
the ever-growing use of handheld devices for leisure and learning (Norris & Soloway, 2004).
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Chapter 2: Literature Review
Section 1. Common Visual Anomalies in School Children
Infants are generally born with a hyperopic refractive error, however myopic errors
are not uncommon (Kuo, Sinatra, & Donahue, 2003). The normalisation of such errors
towards zero is known as emmetropisation (Curtin, 1985; Mulet et al., 2009) and this process
appears to be visually driven under the local guidance of retinal image clarity as suggested in
animal studies (Mulet et al., 2009; Wallman & Winawer, 2004). No matter what the birth
refraction may be, the degree of both myopia and hyperopia decreases relatively rapidly over
the first few years of life towards emmetropia, with most of the change occurring within the
first year (Ehrlich et al., 1997; Ingram & Barr, 1979). Refractive state is important in that
only an emmetrope can be considered to comfortably focus at all distances, whereas an
ametrope cannot. It should be noted in particular that the considerable interest in myopia
prevalence is important in part due to its association as a risk factor for many other vision
threatening disorders, such as risks of retinal detachment, glaucoma, lacquer cracks and
chorioretinal atrophy; all of which increase in prevalence and severity as axial length and
myopic degree increases (Saw et al., 2008; Saw, Gazzard, Shih-Yen, & Chua, 2005).
At birth, the refractive error of newborns has been shown to vary in range from -10.00
D (Cook & Glasscock, 1951) to +10.0 D (Goldschmidth, 1968), however, extreme refractive
errors are rare and the mean refractive distribution is generally moderately hyperopic. For
instance, hyperopia greater than +3.25 D was found in only 4-9% of infants in the UK,
between 6 to 9 months of age (Atkinson et al., 1996; Ingram, Arnold, Dally, & Lucas, 1990)
and 3.6% of 1 year olds (Ingram, Walker, Wilson, Arnold, & Dally, 1986), indicating
prevalence of high hyperopia is low amongst children. Similarly, myopes of above -3.00 D is
only present in 0.25% of infants (Atkinson et al., 1996), which are considered congenital
myopia and these children generally have other, associated pathological anomalies
(Fitzgerald, Chung, & Krumholtz, 2005).
Epidemiological studies show that in all societies not all children successfully attain
or maintain emmetropisation (see Table 1). Emmetropia is not as common as is generally
assumed; this is reflected in the refractive outcomes of preschool children, where ametropia is
estimated to occur in between 5% to 10% (Castanes, 2003) and over 10% of school-aged
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children (Tananuvat et al., 2004). The large variance in quoted emmetropic distributions is
directly  related  to  classification  of  optical  ‘errors’,  as  the  wider  the  range  accepted  as  
clinically insignificant (generally extending into the hyperopic domain) the greater the
prevalence of emmetropia appears. Indeed, the distribution plot for refractive errors reveals
that the mean emmetropia in preschool children is around +0.75 D (Ehrlich et al., 1997),
shifting towards zero with increasing age (Gwiazda, Thorn, Bauer, & Held, 1993; Pennie,
Wood, Olsen, White, & Charman, 2001; I. C. Wood, Hodi, & Morgan, 1995). Over the
preschool to school years, hyperopia steadily decreases in incidence and in dioptric power,
except those who are moderate to high hyperopes, who generally remain stable (Hirsch &
Weymouth, 1991). In addition, an infant with significant hyperopic astigmatism, especially
against the rule astigmatism, is less likely to reach emmetropisation than an infant without
(Ehrlich et al., 1997). Significant astigmatism has been documented in 70% of infants
(Howland & Sayles, 1984), decreasing to approximately 13% in 10 year olds (Dobson,
Fulton, & Sebris, 1984) to 10% of adults (Atkinson, Braddick, & French, 1980). Children
with astigmatism show greater myopic progression and axial length growth (Fan, Rao,
Cheung, et al., 2004). It appears that ethnicity may also influence astigmatism. In an
American study of schoolchildren aged 5 to 15 years, Asians and Hispanics were found to
have the highest prevalence of astigmatism (33.6% and 36.9%, respectively) and African
Americans had the lowest prevalence of astigmatism (20.0%), followed by Caucasians
(26.4%) (Kleinstein et al., 2003).
Refractive error is known to be influenced both by genetics/ethnicity (see myopia
review (Morgan, Ohno-Matsui, & Saw, 2012)) that controls eye shape (e.g. flat corneas,
insufficient crystalline lens power and increased lens thickness) (Mutti, Zadnik, & Adams,
1995) and, environmental effects such as education levels/degree of nearwork or educational
lifestyle (Junghans et al., 2002), outdoor activity (Rose, Younan, Morgan, & Mitchell, 2003)
and growth spurts where children who have earlier height growth spurts exhibit earlier peaks
in myopia progression than those with later growth spurts (Yip et al., 2012) presumably due
to the greater presence of growth hormones. This hypothesis is supported by the earlier
appearance of myopia in girls than boys (Zadnik et al., 2003). The literature on the
development of refractive errors, including that using animal models, is now voluminous
(Norton, 1999). The studies cited here serve only to give the perspective of an overview of
the field. A key difficulty is that the major factors of genetics and environment are usually
intertwined due to persons of like genetics generally living in a shared environment and both
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environmental and genetic factors are contributory in all ethnic groups refractive data (Pan,
Ramamurthy, & Saw, 2012; Saw, Chua, et al., 2000).
Further  factors  influencing  understanding  from  the  scientist’s  point  of  view,  is  that  
comparison of prevalence studies relating to refractive errors is difficult due to the use of
different protocols for measurement and differing criteria to describe the dioptric cutoffs that
define myopia, hyperopia and astigmatism. To overcome these comparison difficulties, the
Refractive Error in Children Study (RESC) specified guidelines to standardise future
prevalence studies, where myopia was to be defined as -0.50 D spherical equivalent
refraction (SER) or less and hyperopia +2.00 D SER or greater, with any value between -0.50
D and +2.00 D SER as emmetropic (Negrel, Maul, Pokharel, Zhao, & Ellwein, 2000).
Generally, most research studies agree that myopia is any value equal to or below -0.50 D
SER (Fan, Cheung, Lai, Kwok, & Lam, 2004; B. Junghans et al., 2002; Murthy et al., 2002;
Villarreal, Ohlsson, Abrahamsson, Sjostrom, & Sjostrand, 2000), however, there are other
prevalence studies which have utilised larger criteria of equal to or below -1.00 D SER
(Barnes, 2001; Kleinstein et al., 2003). Although the Refractive Error in Children (2000)
study defined for epidemiological purposes that hyperopia is 2.00 D SER or more (Negrel et
al., 2000), the  American  Optometric  Association’s  (AOA),  Care  of  the  Patient  with  
Hyperopia Guideline (2008) categorises +2.00 D  or  less  as  low  hyperopia  (where  ‘less’  is  
unfortunately  not  defined).    The  American  Optometric  Association’s  other  classifications  
include moderate hyperopia as between +2.25 D to +5.00 D and high hyperopia as above
+5.00 D (American Optometric Association, 2008).
Young children, regardless of their neonatal refraction, may move on to develop
myopia in their school years even though they emmetropised successfully. Only high
myopes or congenital myopes as neonates are at a higher risk of not reaching
emmetropisation compared to other refractive groups (Troilo, 1992). Hyperopia prevalence
in school children is shown to be the inverse from that for myopia, where the higher the
myopia prevalence the lower the hyperopia prevalence. This has been shown in Chinese
schoolchildren in Malaysia, who have one of the lowest levels of hyperopia in the world, at
1.2%, in 6 to 12 year olds (Chung, Mohidin, Yeow, Tan, & O'Leary, 1996). However, the
prevalence of myopia in 18 year old Malaysians are considerably high at 41% (Kaur, Ramli,
& Narayanasamy, 2012). For a detailed prevalence list of refractive error in different
countries see Table 1.
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Although Asian countries have the highest prevalence of adult myopia, this is not
consistent with the prevalence of myopia in neonates. Chinese neonates have similar degrees
of mean spherical equivalent refractive error to westerners, of +3.55 D ± 2.39 at 1 to 6 days
old (Chen et al., 2011), compared to American neonates, where the mean spherical equivalent
refractive error was found to be +3.47 D ± 1.72 (Saunders, McCulloch, Shepherd, &
Wilkinson, 2002). The most common time of myopia onset in Western developed countries
is approximately 9-13 years of age and its onset in girls may precede that in boys by a year or
two (Junghans et al., 2002; Richler & Bear, 1980; Zadnik, Satariano, Mutti, Sholtz, &
Adams, 1994). Junghans and Crewther (2003) showed the increase of myopia from 1% of 4
year olds to 8.3% of 12 year olds in Australia, while Zadnik (1997) showed approximately
28% of children became myopic by 13 years of age in the US. Similarly, in Scandinavia the
prevalence of myopia was found to increase from 1% in 7-8 year olds to 33% in adults
(Fledelius, 1988). However, the incidence of myopia onset in Asian children begins at
preschool and has reached to the equivalent of adult level in most Western countries of
approximately 40% by only 7 to 9 years of age (Saw, Tong, et al., 2005).
Children from Asian countries with strong genetic similarities are now known to
develop myopia earlier and reach very high degrees by mid teenage years. For example, the
prevalence of myopia amongst 6 or 7 year olds have been reported to be between 10% to
50% within Singapore, Japanese, Taiwanese and Chinese children (Matsumura & Hirai,
1999; Saw, Tong, et al., 2005) compared to approximately 4% for a similar aged Caucasian
group in San Francisco (Zadnik, Mutti, Friedman, & Adams, 1993) and Australia (Junghans
& Crewther, 2005). High prevalences have also been reported in older Asian students,
particularly in recent years. Lin et al. (1988) found a prevalence of 75% among school
children 18 years of age in Taiwan (Lin, Chen, Hung, & Ko, 1988).
Notably, these large percentages of myopia in Asian schoolchildren are increasing
over generations and have triggered significant public health vision research (Seet et al.,
2001). For instance, Japanese studies had myopia prevalence of 51% in 1985 and 68% in
1995 for students in their third year of high school (Hirai et al, 1998). Similarly, increases
have been noted in Singapore (Seet et al., 2001) and Taiwan (Lin et al., 1999). In a recent
study, a comparison of the prevalence of myopia between parents and grandparents of
children showed that only 25.6% of grandparents (mean age 68 years) had a history of
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myopia, 38% (mean age 45 years) of parents had a history of myopia and yet 41.1% of
teenagers currently (mean age 18 years) had myopia (Kaur et al., 2012). Contrary to the
Japanese and Malaysian study, Australians have not shown a difference of prevalence
groupings over the last 30 years (B. M. Junghans & Crewther, 2005).
Another aspect is whether the increasing prevalence  of  myopia  may  be  due  to  parent’s  
demands on children to succeed in education, causing a significant increase in nearwork
activities, as more reading (number of books) was associated with higher myopia (Saw,
Zhang, et al., 2002), accompanied by a decrease in outdoor activities that appear in some
environments to facilitate maintenance of emmetropisation (Dirani et al., 2009; K. A. Rose et
al., 2008). Although some argue about the undesirable effect of nearwork (Saw, Nieto, et al.,
2000) on myopia progression, others argue to the contrary and a study came to a null
conclusion in regards to the effects of both nearwork and outdoor activity influencing myopic
progression (Lu et al., 2009), however this study was performed in children living in rural
China. The argument that there are environmental effects on refractive error is supported by
recent research showing that Chinese children’s  myopia  progression  is  slower  in  summer,  
where they are assumed to do less nearwork and more outdoor activity, than in winter which
coincides with their schooling period (Donovan et al., 2012). Angle and Wissman (1980)
found that greater myopia prevalence was associated with higher income, greater daily
reading time and better reading ability. Compellingly, myopia prevalence in urban dwellers
is higher than persons from rural areas in many countries across the world (Dandona et al.,
2002; Jain, Jain, & Mohan, 1983; Paritsis, Sarafidou, Koliopoulos, & Trichopoulos, 1983; Xu
et al., 2005). With a shift towards urbanisation also come shifts in socio-economic status.
Krause et al. (1982) showed higher myopia prevalence in those patients with higher socioeconomic status in Finland (Krause, Krause, & Rantakallio, 1982). However, this is
hypothesised to be related to persons from the higher socio economic class going to private
schools with higher educational demands and longer and more stressful near activities.
One question that has been tantalising scientists over the last few decades is why
increasing numbers of children, particularly in some societies more so than in others, are
losing their emmetropic or low hyperopic state and becoming myopic during their school
years, and attaining myopia to a higher degree. Questioning the reason behind the
development of myopia was entertained over 100 years ago when Cohn postulated his
‘Use/Abuse  Theory’  (as cited in (Goldschmidt, 1968)) as it was recognised even then that
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myopia was associated with higher levels of education and more intensive nearwork
activities. In Asia, there has been a shift in recent generations to an urban lifestyle and far
greater participation in secondary and tertiary education. In general, it is well recognised that
the onset of myopia appears to be related to age. However, it should be noted in particular
that, it is related to the age at which educational systems begin to demand children learn to
read and acquire increasing letters/characters and word recognition (H. M. Wu et al., 2001).
It is worth noting that the highest incidence of myopia and earliest onset has been described
in urban Asian societies (e.g.: Singapore, Taiwan and Japan) where the numbers of characters
required for reading is in the thousands compared to Western societies and the Middle East
where the numbers are usually under thirty. One could add to this speculation as to the
effects of the advances in technology across the world with far greater use of hand held
devices for learning and pleasure (i.e. increasing hours of visually intense nearwork). A
question for future research is whether the trends for increases in the prevalence in myopia
also affect the hitherto relatively unaffected future generations of countries with a low
prevalence of myopia.
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Table 1. Prevalence of Refractive Errors Around the World

Age/Number

Diagnosis Criteria

Prevalence %

Refraction Method

Source

Mean age 4–12, N = 1936
Nonclinic/unselected

M ≤ -0.50 D
H ≥ +0.50 D

M = 2.3% (4years),
14.7% (12 years)
H =38.4%

Non cycloplegic
retinoscopy

(B. Junghans et al.,
2002)

Mean age 9.4 (± 2.6)
N = 1166

M =  ≤ -0.50 D
H = +1.50 D
As = ≥ 1.00 D

M = 9.0%
H = 6.6%
As = 4.9%

Subjective Refraction

(G. Amigo,
McCarthy, A, Pye,
D, 1976)

Mean age 9.3 (± 2.2)
N = 1400

M =  ≤ -0.50 D
H =  ≥ +1.50 D
As = ≥ 1.00 D

M = 3.4%
H = 9.7%
As = 4.0%

Subjective Refraction

(Robbins, 1975)

Mean age 10.4 (± 1.2)
N = 5597

M =  ≤ -0.50 D
H =  ≥ +1.50 D
As = ≥ 1.00 D

M = 2.7%
H = 9.9%
As = 3.4%

Subjective Refraction

(Walters, 1984)

Omani Children, N = 416157
(Arabic Tribe)

M = 4.1%
H = 0.4%

Subjective refraction

(Khandekar &
Abdu-Helmi, 2004)

7–10 (mean 8.5 yrs) N = 917
Israel (Jewish)

M = 9.4%
H = 2.0%

(Group, 2010)

Lebanon N = 935 (5-18yrs)

Ametropia = 15.7%

(Kassir, 1996)

Australia

Middle East

USA
6–14 years, N = 2523
USA CLEERE

M = < -0.50 D
H = > +1.00 D

San Francisco (USA)

5-15 years
N = 5303
Chile

12-17 years, N = 13,536
US
4-7 years, N = 680

M = 9.2%
H = 12.8%

Cycloplegic
autorefraction

(Zadnik et al.,
1993)

M = 4%

M = < -0.50 D
H = > +2.00 D

Unaided VA < 20/20
M < -0.50 D
H > +4.0 D

M = 5yr olds: 3.4%
15 yr olds: 19.4% in
males
15 yr olds: 14.7% females
H = 5 yr old: 7.1% males
5 yr old: 8.9% females
15 yr old: 22.7% males
15 yr old: 26.3% females

(Kleinstein et al.,
2003)

Cycloplegic
autorefraction and
retinoscopy

(Maul, Barroso,
Munoz, Sperduto,
& Ellwein, 2000)

(Angle & Wissman,
1980)

M = 31.8%
M = 3.1%
H = 0.9%

(Preslan & Novak,
1996)

Africa
School children
N = 4890
Durban/ South Africa

Secondary School, 11-27
years N = 2511
Africa

M = < -0.50 D
H = > +2.00 D

M = 2.9% (ret), 4.0%
(Autorefraction)
M = 9.6% at age 15
H = 1.8% (ret), 2.6%
(Autorefraction)

Retinoscopy and
Autorefraction

(K. S. Naidoo et al.,
2003)

M=5.6%

Non-cycloplegic
objective/subjective
refraction

(Wedner et al.,
2002)
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Age/Number

Diagnosis Criteria

Prevalence %

Refraction Method

Source

Europe
6–15 years, N = 1002
Poland

Em = 34%, M = 17%
H = 20%, As: 5.5%

(Szaflik, Prost,
ZaleskaZmijewska,
Hapunik, &
Wojcik, 2004)

12-13 years, N = 1045
Sweden

M =  ≤ -0.50 D
H =  ≥ +1.50 D

M = 44.9%
H = 8.4%

Cycloplegic retinoscopy

(Ohlsson,
Villarreal,
Sjostrom,
Abrahamsson, &
Sjostrand, 2001)

7 years old
N = 7600 UK

M ≤  -1 D
H > +2 D

M = 1.1%
H = 5.9%

Autorefraction (corrected
against cycloplegic
retinoscopy)

(Barnes, Williams,
Lumb, Harrad,
Sparrow, Harvey,
and ALSPAC study
team, 2001)

2–6 year old (mean 4.96yrs),
N = 255
Hong Kong

M < -0.50 D

M = 4.6% (2 yr olds)
4years later same group,
M = 43.5% (6 yr old)

Cycloplegic
Autorefraction

(Fan, Cheung, et
al., 2004)

2–15 year olds, N = 6447
India

M  ≤  -0.50 D
H  ≥  +2.00 D

M = 4.9 – 10.8%
H = 15.6 – 3.9 %

Cycloplegic
Autorefraction

(Murthy et al.,
2002)

Asia

6 year olds
Hong Kong
5–16 years, N = 7560
Hong Kong

M=30% in 6 yr olds
M= 36.7% in mean 9.33
yr olds
M =  SE  ≤  -0.50 D
H =  SE  ≥  +2.00 D
SE ≥ +1.00 D difference
As =  ≤  -1.00 D

6 Year old
Taiwan

M = 36.7%
H = 4.0 %
An = 9.2%
As = 18.0%

Lam and Goh 1991

Cycloplegic
Autorefraction

M =11.8% age 6
M = 55.5% age 12
M = 75.9% age 15

Fan et al, 2004

Lin, Shih et al,
1996

15–19 years
N = 946 Singapore

M =  SE  ≤  -0.50 D
H =  SE  ≥  +0.50 D
An = SE ≥ +1.00 D
difference

M = 73.9%
H = 1.5%
An = 11.2%

Non cycloplegic
refraction

(Quek et al., 2004)

5–13 years
N = 4662 China

M =  SE  ≤  -0.50 D

M = 14.1% males
23.5% females

Cycloplegic
Autorefraction

(Zhao et al., 2002)

5–15 years, N = 5067
Nepal

M =  SE  ≤  -0.50 D
H =  SE  ≥  +2.00 D

M+H less than 3%

Cycloplegic
autorefraction and
cycloplegic retinoscopy

(Pokharel, Negrel,
Munoz, & Ellwein,
2000)

15-9 years, N = 946
Singapore

M≤  -0.50 D
H≥  +0.50 D
As  ≤  -0.50, An(diff 1 D)

M = 73.9%
H = 1.5%
As = 58.7%, An = 11.2%

Non cycloplegic
autorefraction

(Ohlsson et al.,
2001; Quek et al.,
2004)

7–15 years
Malaysia

M ≤ -0.50 D

7 years: 9.8%(ret),10.0%
(AR)
15 years: 34.4% (ret),
3.5% (AR)
7 years: 3.8% (ret), 5.0%
(AR)
15 years: < 1.0% (ret), <
1.0% (AR)
15.7% (ret), 21.3% (AR)

Retinoscopy and
Autorefraction

(Goh et al., 2005)

H ≥  +2.00 D

15-25years, N = 110,236
Singapore

VA ≤ 6/18

M = 44.2%

(Au Eong, Tay, &
Lim, 1993)

Note: H = Hyperopia, M = Myopia, As = Astigmatism, An = Anisometropia, VA = Visual Acuity.
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Visual comfort
Any imbalance in the human system is likely to cause symptoms whereby the patient
becomes aware of the imbalance, and the visual process is no exception. Visual symptoms are
common in children and adults (Wick, Gall, & Yothers, 2002). It has been suggested that
symptoms may be due to a refractive error and/or a binocular anomaly, where the binocular
system is not able to work efficiently, though in clinical practices symptoms are seldom
considered for children with little refractive error. On the other hand psychologists would
speculate that children who find nearwork uncomfortable are unlikely to continue the task.
The symptoms of refractive error would be expected to differ depending on which
refractive error exists and may range from the simple experience of blur to vague undefinable
symptoms (i.e. asthenopia) (Abdi, Lennerstrand, Pansell, & Rydberg, 2008). Uncorrected
myopic errors increasingly reduce distance acuity and reduce the range of clear vision as the
degree of refractive error increases. Therefore symptoms of uncorrected myopia will
generally include increasingly blurred distance vision outwards from the zone of clear near
vision. Optically as a reduction in pupil size will increase depth of focus, many myopes
report greater difficulty in poor light when pupils dilate (Gallegos, 2012), and that squinting
(which artificially reduces pupil size) improves the situation (Sheedy, Truong, & Hayes,
2003). Uncorrected astigmatism, even as low as 1.00 D causes significantly reduced vision
and when left untreated  may  affect  a  patient’s  independence,  quality  of  life  and  well  being  
(Wolffsohn, Bhogal, & Shah, 2011).
Uncorrected anisometropes may have any of the symptoms above with correction
leading to relief (Holopainen, Vuori, Tervo, & Soinila, 2005), however, if one of their eyes
are emmetropic or has relatively low hyperopia, then they may be asymptomatic, as their
ametropic eye may be suppressed or amblyopic. In the case where suppression or amblyopia
does not exist, anisometropes may notice different size images, however up to 2 D difference
when using glasses and 4 D using contact lenses are generally tolerable with others tolerating
much higher differences (Thal & Grisham, 1976).
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Other common conditions effecting children vision

Although refractive error is the most common visual anomaly in children across all
age groups, there are other conditions that need attention, including strabismus, nonstrabismic binocular vision anomalies and amblyopia. These conditions are particularly of
interest as they are treatable upon detection (Birch, Fawcett, Morale, Weakley, & Wheaton,
2005) and may be a burden if neglected.

Strabismic binocular vision anomalies
Binocular vision needs  to  be  balanced  “perfectly”,  where  the  eyes  are  directed
towards the object of interest and made clear for near targets using accommodation
(Howards, 2002). Instances where one or both eyes are not balanced may lead to a visible
misalignment, clinically termed as a tropia or strabismus and may present as an eye(s) being
turned in a particular direction, including being turned in (esotropia), turned out (exotropia),
turned up or down (hyper/hypo tropia) some or all of the time. Subsequently, the image from
both retinas in a patient with strabismus may not reach the visual cortical areas to form one
fused image.
Basically, in cases where an eye is turned in a different direction to the other, then
both retinas and brain will receive slightly different images of the same object or scene, and
be perceived as diplopia. Thus, the neural pathway that should be able to fuse images from
both retinas will favour one eye, causing suppression of the other eye (Pratt-Johnson &
Tillson, 1984) (see section 2 in literature review). If strabismus is left undetected for too
long, there is the threat of developing severe sensory anomalies, such as amblyopia, in the
non-attending eye and a decreased quality of life in adulthood may follow (Hatt, Leske,
Kirgis, Bradley, & Holmes, 2007). In addition, an uncorrected strabismus may lead to
children having psychosocial disadvantages (Uretmen et al., 2003). Generally, as strabismus
is cosmetically detectable, it is typically diagnosed and successfully treated in preschool
within the early years of life (Hatt et al., 2007). In terms of the prevalence of strabismus,
countries with proactive screening or healthcare services have lower prevalence rates in
school children. Any child at school level with strabismus may be those who were missed at
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pre-school vision assessments or those who recently developed strabismus that may have
decompensated from an underlying binocular vision anomaly or refractive anomaly.
However, broadly speaking the prevalence of strabismus is about 2% of school children (see
Table 2 for Prevalence data).

Amblyopia
One of the leading causes of childhood low vision is amblyopia, with an average
prevalence of 4% (Mulvihill, Bowell, Lanigan, & O'Keefe, 1997) (Table 2). Amblyopia is a
developmental disorder of reduced visual function, usually in one eye, in the absence of any
ocular disease. Amblyopia is thought to be due to an interruption to normal visual
development during the sensitive period, which may be secondary to anisometropia,
hyperopia and/or strabismus (Asper, Crewther, & Crewther, 2000a, 2000b). Uncorrected
bilateral hyperopia is also considered an amblyogenic risk factor, if the refraction is above
+5.00 D (AOA Clinical Practice Guideline for Amblyopia) (American Optometric
Association, 1994) or above +4.50 D (Ophthalmologies Preferred Practice Pattern for
Amblyopia) (Ophthalmology, 2002) (Anstice, Spink, & Abdul-Rahman, 2012). Amblyopia
detection is important as amblyopia is a treatable condition, and even using only spectacle
correction improves vision on average by 2 lines (Cotter et al., 2007). The clinical effect is
twofold whereby not only does treatment improve visual acuity but it also improves binocular
function (Anstice et al., 2012). Furthermore, the positive effects of amblyopia treatment is
seen in countries that employ routine vision screening programs, such as Sweden, which has
one  of  the  world’s  lowest  levels  of  amblyopia  in  school  children  at  1.1%  (Jensen &
Goldschmidt, 1986; Naidoo et al., 2003). This is also reflected in an Australian study, which
showed that there was a total prevalence of amblyopia of 0.7% in 6 year olds (Robaei, Rose,
et al., 2006).
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Table 2. Prevalence of Amblyopia and Strabismus
Sample No.

Age/School
Children

Country

N = 28,765

School
children

N = 3431 in 2000,
3467 in 2001

Grade 1
students

N = 3654

Age 49 and
over

Australian

N = 1035

12–13 years

Mexican

N = 1539
Intellectual
disabilities and
Downs Syndrome
N = 4890

Age 50+

children

Source and sample no

0.3%

0.5%

(Khandekar & Abdu-Helmi,
2004)

1.1% (2000) and
1.4% (2001)

1.5% (2000) and
6.2% (2001)

(Tananuvat et al., 2004)

3.2%

Not reported

(Quek et al., 2004)

2.5%

2.3%

(Ohlsson et al., 2003)

Not reported

44.1%

(van Splunder, Stilma, Bernsen,
& Evenhuis, 2004)

7.3%

Not reported

(K. S. Naidoo et al., 2003)

0.01%

1.28%

(Matsuo & Matsuo, 2005)

1.19%

0.80%

(Chia et al., 2010)

1.8%

-

(Robaei, Rose, et al., 2006)

African

6–12 years

Japanese

N = 3009

6-72 months

Singaporean

N = 1741

12 year olds

Australian

30–72 months
6 – 71 months

Australian
American

N = 2546

Strabismus

Arabic/Omani

N = 113,254

4%
N = 1422

Amblyopia

1.9%
3.3% white and
2.1% African
American

(Mulvihill et al., 1997)
(Pai et al., 2012)
1.8% white and
0.8% African
American

(Friedman et al., 2009)

Anisometropia
Anisometropia is a difference of refractive error between the two eyes; with the most
frequently used criteria being ≥  1.00 D SER difference. Prevalence of anisometropia ranges
from 2.1% in 6 to 11 year old Japanese (Yamashita, Watanabe, & Ohba, 1999), to 2.6% of 4
to 7 year olds in Baltimore (Preslan & Novak, 1996) and 6.7% of 4-13 year old Native
Americans (Dobson, Harvey, Miller, & Clifford-Donaldson, 2008) to 9.3% in 7 to 18 year
old Taiwanese children (Shih et al., 2005). The prevalence of anisometropia is higher in
hyperopes (13.6%) compared to myopes (9.6%) or emmetropes (3.4%) and the prevalence
increases with age, especially between 5 to 15 years of age (Deng & Gwiazda, 2012). An
increase in the prevalence of anisometropia (≥  1.00  D SER difference) with age is also
reflected in Australian school children, where 1.6% in 5 to 8 year old Australians
(predominantly Caucasian) (Huynh et al., 2006) has been reported, in comparison to 4.1% in
12 year olds (Robaei, Kifley, Rose, & Mitchell, 2008). All these anisometropic children may
be at risk of developing amblyopia, therefore treatment and management is necessary.
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Non-strabismic binocular vision anomalies
Non-strabismic  binocular  vision  anomalies  (BVA)  can  also  impact  children’s  visual  
status. BVAs are anomalies that interrupt the balance of the accommodation and/or
vergence system as does strabismus, however non-strabismic BVAs are not easily visible or
sometimes diagnosable (see Methodological Considerations). Therefore, non-strabismic
BVA in general are visually not easily identifiable and need specialised equipment and/or
expertise for detection. Detection of BVAs during the pre-school ages and school vision
screenings is extremely difficult and time consuming.
Relatively few prevalence data for BVAs for school children exist (Cocho-Martinez,
Garcia-Munoz, & Ruiz-Cantero, 2010), as vision screening recommendations generally do
not include tests associated with specific BVA detection. This is surprisingly if it considers
the few studies that have included binocular vision tests have shown up to a quarter of
children have a binocular vision anomaly (see Table 3 for prevalence of BVA). BVA hold
further importance in that studies have found that they may be related to symptoms and these
visual symptoms may impact educational output (Grisham, Sheppard, & Tran, 1993).

Symptoms due to binocular vision anomalies
Visual symptoms may be related to several vision anomalies (Sheedy, Hayes, et al.,
2003). In the diagnosis of binocular anomalies, symptoms are just as important as signs in
clinical decision making (Borsting et al., 2003). There are a wide range of symptoms
reported in patients who manifest non-strabismic accommodative and vergence disorders
(Porcar & Martinez-Palomera, 1997; Rouse et al., 1999). With respect to accommodative
disorders, symptoms may include blurred vision at distance and/or near, difficulty reading,
poor concentration and headaches (Helveston, 2005). On the other hand, those with vergence
disorders may complain of blurred vision, diplopia, ocular discomfort, frontal headaches,
nausea, sleepiness, loss of concentration and a pulling sensation of the eyes (Ciuffreda,
2002).
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Table 3. Prevalence of Binocular Vision Anomalies Identified in Previous Clinical and Population-Based
Studies Using the Criteria Indicated
Age (years)/
Mean age
(Source)

Populatio
n

N

Prevalence

Clinical Population
8 – 12 years
(Rouse, Hyman,
Hussein, & Solan,
1998)

2 optometry
clinic
populations

415

6 months – 18 years
(Scheiman et al., 1996)

Clinical
Paediatric
population

202
3

Vergence Disorder = 14.3%, Accommodative Disorder = 5.4%
Convergence Excess = 7.1%, Accommodative insufficiency =
2%, Convergence Insufficiency = 4.6%, Accommodation Excess
= 1.8%

7 – 18 years
(11.15 ± 3.19)
(Dwyer, 1992a)

Optometric
Clinic

144

Convergence Insufficiency = 33%,
Both accommodation and vergence disorder = 38%
Only accommodative disorder = 19%,
Only vergence disorder = 20%

10 – 35
(20.75 ± 5.78)
(Lara, et al., 2001)

Optometry
clinic

265

22.3% had some form of BVA, Convergence Excess = 4.5%,
Convergence Insufficiency = 0.8%
Accommodation Excess = 6.4%,
Accommodative insufficiency = 3%

Convergence Insufficiency = 32.8% low suspect, 11.6% high
suspect, 6% as definite

4-35 years
22.7 ± 8.3
(Hokoda, 1985)

Optometry
clinic

119

Esophoria=1.7%,
Esophoria with accommodative dysfunction = 4.2%,
Convergence insufficiency = 2.5%,
Convergence insufficiency & accommodative dysfunction =
1.7%,
Accommodative dysfunction = 10.9%,
Total Binocular Vision Anomaly = 21.0%

6 - 35 years
(Dwyer & Wick, 1995)

Optometric
Clinic

536

58% had some form of Binocular Vision Anomaly

18-35 years
(Mica, 2001)

Spanish Clinical
Popn

Hokoda, 1985

Urban
optometric
clinic

Age group not
specified
(Kratka & Kratka,
1956)

Ophthalmology
Clinic

167
9

500

56.3% of the general population:
 Accommodative insufficiency 11.4%,
 Accommodative infacility 10.3%,
 Accommodation excess = 6.5%
 Accommodation fatigue = 6.4%,
 Convergence insufficiency = 5.9%,
 Basic exophoria = 5.1%,
 Basic esophoria = 3.0%,
 Divergence excess = 2.3%, Divergence insufficiency
= 2.1%, Reduced fusional vergence = 1.8%,
Convergence excess = 1.5%
Accommodative insufficiency = 9.2%,
Accommodative infacility = 5.0%
Accommodation excess = 2.5%
Convergence insufficiency = 4.2%
25% reported at least one Convergence insufficiency sign,
12.5% reported all 3 classic signs (more exophoria at near,
receded Near Point of Convergence and insufficient Positive
fusional vergence
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Age (years)/
Mean age
(Source)

Populatio
n

N

Prevalence

5–73 years
(11.9 SD 7.9 years)
(Aziz, Cleary,
Stewart, & Weir,
2006)

Ophthalmology
Clinic (past case
files presenting
to an orthoptic
clinic with
astheniipic
symptoms)

78

Decompensating exophoria = 52.6%, primary Convergence
insufficiency (exophoria of < 10 PD with normal fusion range) =
34.6%, decompensating esophoria =11.5%, secondary
convergence  insufficiency=1.3%  (exophoria  of  ≥  10 PD with
normal fusion)

< 40 yr olds
(Mahto, 1972)

Ophthalmology
Clinic

310

Near Point of Convergence > 10 cm = 11% Convergence
insufficiency

School Screenings
9 – 13 years
(M. W. Rouse et al.,
1999)
22 ± 3.0 years
(Porcar & MartinezPalomera, 1997)

School
screening

2nd year
university
students

453

High suspect CI (exophoric at near and two clinical signs) = 8.8%
Definite CI (exophoric at near and three clinical signs) = 4.2%

65

32.3% had general binocular dysfunction,
Accommodation excess = 10.8%,
Accommodative insufficiency = 6.2%,
Convergence Insufficiency with accommodation excess = 7.7%,
Convergence excess with accommodative insufficiency = 1.5%,
Basic exophoria = 3.1%, Basic esophoria = 1.5%

3-12 years
(Junghans et al., 2002)

School
screening

2697

Binocular tests included; near and distance heterophoria, difference
of phoria from distance to near, NPC, stereo and accommodative
facility.
39.2% (724 children) demonstrated inadequate function on 1 test,
11.4% failed 2, 2.1% failed 3 tests and 0.3% failed 4 tests.

School children
(Marran et al., 2006)

School
screening

299

Accommodative insufficiency = 4.7%,
Convergence Insufficiency = 14.7%,
Convergence insufficiency with Accommodative insuf 3.3%

7 – 14 years
(Letourneau, Lapierre,
& Lamont, 1979)

School
screening

735

Convergence insufficiency = 8.3%

Grade 1 (6-7 years)
Grade 4 (10-12 years)
Grade 8 (14-16 years)
(Abdi et al., 2008)

School
screening

216

Convergence insufficiency = 6%
Accommodative insufficiency = 11.1%
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The prevalence of visual symptoms

Few studies have formally looked at the prevalence of symptoms caused by binocular
anomalies (Borsting et al., 1999), even though symptoms are actually relatively common in
children, university students and adults. In a randomly chosen junior level school, 34.7% of
children reported at least one subjective visual symptom when doing nearwork (Sterner,
Gellerstedt, & Sjostrom, 2006). Another study examined 65 randomly chosen second year
university students and found 47 (72%) of these were symptomatic, with asthenopia towards
the end of the day being the most prevalent symptom, effecting 13.8% (Porcar & MartinezPalomera, 1997).
The presence of symptoms in convergence insufficiency is not a new phenomenon
(Kratka & Kratka, 1956). The relationship between nearwork and demands for accurate
convergence will lead to a need to adapt if for some reason a vergence anomaly exists.
Vergence anomalies include convergence insufficiency (CI), decompensated heterophoria,
and headache (Karania & Evans, 2006; A. A. Yekta et al., 1989). Studies have shown that as
the number of convergence insufficiency signs increases, the number of symptoms also
increases. Rouse et al. (1998) showed in 8-12 year olds (n = 620), that in a low suspect CI
group (1 sign) 38.4% were symptomatic, whereas in a definite CI group (3 signs) 47% were
symptomatic. Interestingly, 25% of their no CI group also had symptoms (M. W. Rouse et
al., 1998). Although all subjects had no strabismus and were emmetropic, the presence of
other BVAs, especially accommodation anomalies, was not investigated and may have
accounted for the symptoms in no-CI subjects.

Symptoms surveys

There have been a variety of methods used to document symptoms. Clinically a
history would involve questioning patients about common symptoms. Recently, especially in
research, surveys have been used to make the quantification of symptoms more concise and
more examiner-objective. There have been many different types of symptom surveys (see
Table 5, page 43 in the following chapter). The most commonly used are the Convergence
Insufficiency Symptom Survey (M. Rouse, Borsting, Mitchell, Cotter, et al., 2009) and the
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College of Optometrists in Vision Development Quality of life (COVD-QOL) questionnaire
(Maples & Bither, 2002; Shin, Park, & Park, 2009).
However, surveys are not very effective in young children. In fact, Sterner et al.
(2006) showed that symptom surveys are ineffective for children younger than 7.5 years. This
may be because these children do not need to exert too much effort for nearwork, or perhaps
that understanding of the description of the  term  ‘symptoms’  at  this  age  is  difficult  (Sterner et
al., 2006). Particular questions in the most recently used and thoroughly investigated and
validated survey, the Convergence Insufficiency Symptom Survey (CISS) are highlighted in
Table 5.
Symptoms and history are the most important aspect of any health assessment as it
supports in diagnosis, helps the examiner understand the affects upon the individual and
focuses the treatment accordingly (Sandler, 1980). Using a symptom survey aids
documentation and comparisons of results between assessments and during treatment. In
terms of documenting binocular vision symptoms the CISS is the only validated and most
sensitive survey to date (Borsting et al., 2003; Rouse, Borsting, Mitchell, Cotter, et al., 2009;
Rouse et al., 2004).
Further to the concept that symptoms should be heeded by the practitioner, is the
notion that not all children recognise that they are actually experiencing symptoms because
this is their constant state, they have not known anything different or it was so long ago that
they may not remember. Hence, they will not necessarily spontaneously report these.
Distance blur is the most noticeable because parents and teachers are more likely to be aware
of this potential deficit. The other symptoms can often be attributed to other disruptive
elements in busy surroundings, rather than malfunction of the visual system.
In summary, vision anomalies such as refractive error, strabismus, amblyopia and
binocular vision anomalies are prevalent in all communities. The second most prevalent
vision anomalies are non-strabismic binocular vision anomalies. These conditions are more
difficult to detect and are theorised to be as hindering as most other vision anomalies,
especially upon educational attainment. Thus, the onus is on public health authorities to
implement screening programs to detect a full range of visual disorders.
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Section 2: The Physiology of Binocular Vision
The present section reviews the basic concepts underlying the mechanisms of
binocular vision (BV). Understanding of the binocular system is extremely important in
order to appreciate that any loss in binocularity is an obstacle that may affect an individual
visually, functionally, cosmetically and symptomatically.
The fundamental drivers of binocular vision are the two eyes. Binocular refers to two
eyes, and binocular vision refers to the coordinated balance between the two eyes to obtain a
single clear image. The coordinated balance mechanism refers to the vergence system,
whereby the eyes need to move mechanically to bring the image of interest onto both foveas
simultaneously (Moses & Hart, 1987). Additionally, the image that falls on both retinas
needs to be clear, which requires the activation of the accommodation system. The vergence
and accommodation systems, together with pupil constriction, called miosis, collectively
form  the  near  triad.    The  term  ‘near  triad’  is  used  as  the  level  of  vergence,  accommodation  
and miosis is affected by  the  proximity  of  the  object  viewed,  and  the  ‘nearer’  the  viewed  
object, the greater intensity with which the near triad is activated (i.e. more accommodation,
more vergence and more miosis). When shifting gaze from a far to a near object, the motor
and sensory drivers of convergence and accommodation are triggered to eliminate disparity
and blur, respectively (Fincham & Walton, 1957; Hung & Semmlow, 1980). This system is
reversed when viewing from near to far. The clinical applications of accommodation and
vergence are covered in Chapter 3: Methodological Considerations.

The motor system
The principal purpose of the motor system is to recognise  and  minimise  ‘disparity’,  
where the object of attention is within the field of vision and needs to move into the field of
fixation, i.e. onto the fovea, by making a vergence movement. A vergence movement is a
disconjugate binocular phenomenon where the eyes move to point in the correct direction.
Additionally,  the  motor  system’s  role  is  to maintain the object of fixation continually on the
fovea, even when the object is not stationary. As a result, the brain can blend the slightly
dissimilar images from the two eyes into one single visual percept. This phenomenon is
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called fusion. Vergences, and the associated changes, are thought to arise from the pretectal
region of the midbrain, in the mesencephalic reticular formation outside the oculomotor
nucleus (Mays, 1984).

The sensory system
Sensory correspondence refers to the unification of visual excitations from
corresponding retinal images into a single visual percept, hence allowing sensory fusion.
Where sensory fusion is not possible due to obstacles (such as difference in brightness, size,
shape, clarity of image in one retina, simultaneous stimulation of non corresponding or
disparate retinal elements), then retinal rivalry or binocular rivalry may result (Moses & Hart,
1987). The consequence of binocular rivalry is that there are two dissimilar images localised
in the same place interfering with fusion, and causing conflict, hence confusion. In order to
remove this confusion, the image from one eye is likely to be suppressed for comfort. The
eye that is suppressed will depend on the dominancy  and  quality  of  the  vision  and  the  eye’s  
mechanical movement abilities. Constant foveal suppression of one eye will lead to cessation
of the rivalry, and complete sensory dominance of the other eye, hence interfering with
binocular vision.
Suppression can be either facultative or obligatory. Facultative suppression is present
under all binocular conditions but not monocular conditions. Facultative suppression may be
seen in developmental strabismus patients, developing in early childhood, Suppression is
rarely seen in adults with a recent onset strabismus. Obligatory suppression is the effect that
carries on even under monocular conditions, resulting in decrease of visual acuity, as seen in
amblyopia. To regain binocular vision, a return to binocular rivalry followed by ability to
fuse is a prerequisite (Scheiman and Wick, 1994).
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Fusion
Fusion is a central process that takes place in the visual cortex. Fusion has two types;
sensory fusion and motor fusion. Sensory fusion drives the precise co-ordination of the two
eyes for all directions of gaze, so that corresponding retinal elements are placed in a position
so that the cortex may interpret the image from each eye as one. Motor fusion is the ability to
align the eyes in such a manner that sensory fusion can be achieved. The stimulus for these
fusional eye movements is retinal disparity, when the image of the object of interest falls
outside  Panum’s  fusional  area  (see  Figure  1).
Hence, to eliminate retinal disparity, the eyes need to move in opposite directions
(i.e. vergence) to re-align the target  back  into  Panum’s  area, which is the area surrounding the
Horopter in which the eyes are able to obtain binocular single vision. If the image falls before
the inner limit or after the outer limit of  Panum’s  fusional  area,  physiological  diplopia  will  
result.
Physiological diplopia is present in individuals who have normal binocular vision and
is a normal phenomenon that is utilised in clinical testing and fusional vision therapy (Ogle,
1950).  When  an  image  is  moved  in  front  of  or  behind  the  Horopter  within  Panum’s  fusional  
area, it is seen stereoscopically. Stereopsis is defined as the relative ordering of visual
objects in depth and is possible due to the physical lateral displacement of the eyes that
provides slightly dissimilar views of the same object (disparate images). Stereopsis is the
highest form of binocular function and is a higher form of fusion, i.e. third degree fusion
(Fricke & Siderov, 1997).
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Figure 1. The Horopter is the solid curved line schematically representing the points in space that are
corresponding retinal points of the  two  retinas  that  yields  binocular  single  vision.    Panum’s  area specifies the
zone around the horopter where retinal images will be fused into binocular single vision. Objects outside
Panum’s  area  causes  physiological  diplopia.

Development of binocular vision

Humans are not born with efficient and accurate binocular vision. The sensitive
period of development, including the development of stereopsis, begins at about 3 months of
age (Braddick et al., 1980; Fox, Aslin, Shea, & Dumais, 1980; Petrig, Julesz, Kropfl,
Baumgartner, & Anliker, 1981), with a rapid maturation period until 2 years of age (Banks,
Aslin, & Letson, 1975; E. E. Birch & Salomao, 1998), followed by a gradual improvement
until 3 years of age (E. Birch, Williams, Hunter, & Lapa, 1997).
Development of binocular vision may be affected by obstacles in the visual pathway,
such as those in the form of sensory impairments (e.g., dioptric blur due to uncorrected errors
of refraction) or motor impairment (e.g. conditions effecting extra-ocular muscles, congenital
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craniofacial malformations). The presence of such difficulties gives rise to various sensory
adaptations to binocular dysfunction, especially if the disruptive factor is present during the
sensitive period. Sensory adaptations can be in the form of anomalous retinal correspondence
(ARC) or suppression.
Physiological studies have investigated the critical period (a period of greater
susceptibility to change or damage) of binocularity in cats (Hubel & Wiesel, 1970; Wiesel &
Hubel, 1965) and monkeys (von Noorden, Dowling, & Fergusson, 1971). Human studies of
the critical period for the development of stereopsis indicate that the first two years of life are
of most importance as indicated in stereo-acuity outcomes after strabismus surgery for
infantile esotropia (Ing, 1995; Wright, Edelman, McVey, Terry, & Lin, 1994), with continued
risk of significant impediment to the development of stereopsis until at least 5 years of age
(Parks, 1974; Wilson, Bluestein, & Parks, 1993). Unfortunately no child is free of the risk of
losing their binocularity. Even children who have already developed normal binocular vision
in early childhood may go on later to acquire late onset accommodative esotropia or
monofixation, causing deficiencies of high-grade stereopsis and foveal fusion after only 3
months of constant eye misalignment (Fawcett, Leffler, & Birch, 2000; Wilson et al., 1993).
This indicates that parent education and regular vision assessment of at-risk individuals is
extremely important to maintaining binocularity and to avoid loss of efficient neural
binocular visual activity.

Adaptive changes in the binocular vision system

Overuse of the binocular vision system has been theorised to have negative adaptive
effects. Overuse may be due to repetitious nearwork, whereby constant accommodation and
vergence is required to maintain a clear image, and to hold the image of interest on the fovea.
The theory relating to the overuse of the accommodation and vergence mechanisms was the
Use-Abuse theory, first proposed by Cohn in 1867. The Use Abuse theory suggests that
myopia results from monotonous overuse of accommodation for nearwork (Goldschmidt,
1968). Variations of this theory have been proposed, emphasising the role of convergence,
gravity and posture as potential aetiological agents (P. R. Greene, 1980). Comparably,
Skeffington’s  near  point  stress  model  is  not  too  divergent  from  the  Use-Abuse theory. This
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model recognises that nearwork demands, such as reading, generate a physiological stress
response.    Skeffington’s  model  assumes  that  there  is  capacity  to  deal  with  transient  stress  
induced by reading, but that prolonged, sustained stress can lead to adaptive changes within
the binocular system (Skeffington, Lesser, & Barstow, 1947).
Skeffington’s  near  point  stress model is consistent with the physiological changes
induced by stress. He considers that the attention and mental effort essential for near tasks
are not passive processes, but are mediated through sympathetic activation, similar in nature
to  the  ‘fight  or  flight’  stress  response  described  by  Cannon  (1929),  although  less  significant  
in activity (Birnbaum, 1985, 1993). In Skeffington’s model, myopia is not viewed as an
isolated condition, but rather as one of a variety of adaptive pathways, which may be
undertaken by the individual exposed to the near vision demands of industrialised societies
(Skeffington, 1928-1974; Skeffington et al., 1947).
The nearpoint stress model suggests that visual development is shaped by our
environment and by our reaction to it. Literature suggests that sustained near work causes
stress in the visual system. For example, Greene (1970) found an increase in myopia
amongst air force personnel working in underground mission control bunkers for extended
periods (Greene, 1970). Pickwell (1987) also noted that there was a close relation between
increasing fixation disparity under stressful conditions, and visual symptoms (D. Pickwell,
Jenkins, & Yekta, 1987). Supporting evidence was also shown in an animal study, where
Young (1961) found that in a group of monkeys confined in an illuminated but restricted
visual space, a significant degree of myopia developed, relative to a control population
(Young, 1961).

Biological and physiological basis of stress
Stressful situations, regardless of aetiology, trigger the sympathetic nervous system
into action (Forrest, 1980). Sympathetic activation generates increased heart rate, increased
blood pressure and blood flow to the muscles and heart, and bronchial dilation which
increases respiration and oxygen intake. Sympathetic arousal also leads to pupillary
dilatation (Libby, 1973) and negative-decreasing accommodation. Thus, stress is likely to
compromise the effectiveness of accommodation during nearpoint demands. There is
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significant variability in the types of events that may cause an individual stress, and also in
the magnitude of the physiological response to stress (Eliot, 1983). This may provide an
explanation as to why some individuals develop binocular and/or refractive anomalies, and
associated symptoms, while others do not.

Section 3: Effects of Vision on Learning
Eighty percent of sensory input is gained through the visual system in humans
(Kastner & Ungerleider, 2000). If a child is to learn as much as possible about the world
around them, clearly it is essential that the visual system operates optimally optically,
physiologically and cognitively. Scheiman and Wick (2002, p. 47) describe a hierarchical
model of vision, which consists of three major components. The first is concerned with
visual acuity and therefore refractive error, as well as ocular health. The second component
is  called  visual  efficiency  and  refers  to  the  “effectiveness  of  the  visual  system  to  clearly,  
efficiently and comfortably allow an individual to gather visual information at school, work
or  play”,  and  hence,  includes  the  interactions of accommodation, vergence and ocular
motility and perhaps refractive error (through the indirect demands on accommodation in the
case of hyperopia) (Scheiman & Wick, 2002a). The third component in the model refers to
the neural visual information processing skills, including the development of stereopsis, and
interactions with the other systems of the body. If all the first and second components are
normal,  then  the  individual  must  be  able  to  “analyse,  interpret  and  make  use  of  the  incoming  
visual information  in  order  to  interact  with  the  environment”  (Scheiman & Wick, 2002a).
The model is hierarchical because problems at one level can give rise to difficulties with
tasks at higher levels in the hierarchy, where problems with visual efficiency (level 2) can
give rise to deficits in visual information processing skills (level 3). This Level 3 is “...most  
likely  to  be  neglected  by  eye  care  professionals” (Scheiman, 2002, p. 83).

Effects of refractive anomalies on learning

It is likely that significantly impaired visual acuity due to uncorrected refractive error
has a negative impact on academic performance, however the evidence that this is so is
limited (Schneider, Leeder, Gopinath, Wang, & Mitchell, 2010). By definition, refractive
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errors impose progressive loss in acuity for a range of distances within the visual field,
depending on the nature of the particular refractive error. If an individual in a classroom is
unable to see a whiteboard or their desk clearly, it is reasonable to assume that this will have
profound effects if the blur is sufficient. However, the ultimate effects of refractive errors
upon learning have not been widely investigated. As the visual system has various aspects of
function, and as there are a multitude of other factors that must be taken into account when
considering educational outcomes for a child, well-controlled investigations of these effects
would be time-consuming and costly. Furthermore, ideally such studies would be
longitudinal in nature. Therefore, to date the studies that have been done offer more limited
insights into the effects of refractive anomalies on learning.
Correcting hyperopia in children has been shown to confer academic improvements
(Krumholtz, 2000). A recent study of preschoolers showed that uncorrected ametropes, who
were generally hyperopes (mean +3.10 ± 2.10 SD) scored significantly more poorly on the
Beery-Buktenica Developmental Test of Visual-Motor Integration (p = .005) compared to
their emmetropic peers, who performed within normal limits. However, after only 6 weeks
of correction, the ametropic group significantly improved on the Beery-Buktenica
Developmental Test of Visual-Motor Integration reaching emmetropic control levels (RochLevecq, 2008). Considering that the visual motor demands of preschoolers are less than for
primary and high school students, it can be presumed that correcting hyperopia is even more
important for older schoolchildren with more complex visual tasks. Data from performance
based studies on older schoolchildren is not available to date, therefore the importance of
hyperopic correction in non-strabismic older children, especially secondary school children,
is speculative. To the contrary, children with myopia have been shown to have higher school
achievement compared to children with other refractive errors (Mutti et al., 2002).
A study by Williams et al. (2005) investigated the literacy skills of 8 year old hyperopes
and found that there was a link between hyperopia and impaired literacy standards in children
(Williams et al., 2005). Similarly, in another study of reading skills and vision of school
children, hyperopia was significant in predicting those students in the lower 25% of the class
for all grades studied (Grosvenor, 1977; Krumholtz, 2000). The extra accommodative effort
required to read at near produces the symptoms of eye strain such as intermittent blurring,
complaints that letters run into each other, inability to sustain reading, headaches and fatigue,
all of which contribute to making reading difficult and a task to avoid (Simons & Gassler,
33

1988). With  recent  reports  of  children’s  reading  distances  being  much  closer  then  the  
standard 33 cm, as close as 16 cm (Wang et al., 2013), it can be assumed that nearwork will
be more bothersome for an uncorrected hyperope because of their extra binocular
accommodative effort.

Effects of binocular vision anomalies on learning

School children with accommodative and convergence dysfunction have a higher
frequency of Attention Deficit Hyperactivity Disorder (ADHD), a condition effecting 3-5%
of school children (Leslie, Weckerly, Plemmons, Landsverk, & Eastman, 2004) when
compared with a control sample (Borsting, Rouse, & Chu, 2005). In a retrospective study
evaluating all their CI patients over 5 years (6-51 years, mean age 11.6 years), Grant et al.
2005 found that 9.8% had been diagnosed with ADHD at some point in their follow up and
85% of these ADHD patients were on medication to control the ADHD (Granet, Gomi,
Ventura, & Miller-Scholte, 2005). However, another study investigating vision anomalies in
ADHD patients did not find corresponding differences between ADHD and non ADHD
children when conducting a series of vision tests, except in accommodative facility, which
was the only test significantly reduced in ADHD patients (Farrar, Call, & Maples, 2001).
Reading has also been shown to be affected by binocular vision anomalies. An association
between convergence insufficiency and the reading process has been shown (H. D. Simons &
Grisham, 1987) and 16 out of 18 children diagnosed as dyslexics showed marked
improvement in reading ability after being prescribed proper refractive correction, bifocals or
prisms (Motsch & Muhlendyck, 2000).

Conclusion for effects of vision on academia

Vision anomalies are common in children and these anomalies may negatively affect an
individual academically, symptomatically and eventually may cause a permanent effect in
long term vision outcomes, educational achievement and self-esteem. Also, as binocular
dysfunction has been shown to develop over years, children who were assessed or screened at
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school entry may develop a binocular anomaly within the school years, warranting treatment
for their symptoms (Sterner et al., 2006), again highlighting the need for regular eye checks.

Overall conclusion from the literature review and rationale for the thesis

Thus far a range of anomalies that affect children have been discussed. These may
generally be refractive, binocular or sensory (medical conditions being outside the scope of
this thesis). It has also been established that all types of vision anomalies may go undetected
in children, warranting concern. The literature also suggests that some of these vision
anomalies may be associated with symptoms.
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Chapter 3: Methodological Considerations

Considerations regarding screening tests, binocular vision tests and the use of an
Open Field Autorefractor
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Vision Screening of School Children
The objectives of screening students from primary through to secondary years are to
decrease functional and preventable blindness. One way to detect and manage vision
anomalies is for every child to visit an eye care practitioner regularly. The American
Academy of Pediatrics (AAP), suggest that preschool vision screening programs should be
conducted to detect and correct vision problems before school entry. There is no consensus
on what constitutes an ideal vision screening, although the American Academy of
Ophthalmology have established age appropriate guidelines for screening and concede on the
importance of screening, especially for young children (American Academy of
Opthalmology, 2012). The AAP also recommends that children should continue to receive
periodic eye and vision examinations throughout childhood.
Access  to  general  health  and  eye  care  is  influenced  by  an  individual’s  socioeconomic  
status (SES), where those with low SES are much less likely to receive routine preventive
care on a timely basis (Berkman & Kawachi, 2000; Newacheck & Halfon, 1988). In
America, families classified as low income are more likely to report decreased access to
health care (Lesser & Cunninham, 1997). Socioeconomically disadvantaged men and women
have higher overall mortality rates than did persons with a higher SES (Mackenbach et al.,
2008). Population based studies of ocular disorders have also indicated that SES is an
important determinant of visual impairment (Tielsch, Sommer, Katz, Quigley, & Ezrine,
1991). The World Health Organisation (WHO) estimates 90% of blind people live in low
income countries and 80% of blindness is avoidable, i.e. readily treatable and/or preventable
with proper access to eye health care. In addition, amelioration of childhood blindness and
visual impairment is a stated priority of the Vision 2020 – The Right to Sight initiative,
established by the World Health Organisation and the International Agency for Prevention of
Blindness for elimination of avoidable blindness (WHO, 2000). This initiative advocates
vision screening in schools with the stipulation of affordable spectacles. A recent study in
Canada reported the prevalence of low vision and blindness is 9 times higher in the lower
socioeconomic community compared to the Canadian average (Maberley et al., 2006).
Similarly, vision screenings in the UK have shown children from the lowest occupational
social class background are 1.82 times more likely to be hyperopic than children from the
highest social class (Williams et al., 2008), which may be attributed to the higher prevalence
of myopia in the higher SES group. In addition, amblyopia and strabismus also tends to
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increase as social class decreases (Williams et al., 2008). Likely they A study investigating
the impact of visual impairment, particularly impairment caused by easily correctable
refractive error, on vision related functioning and health related quality of life, in Canadian
adults showed “a very high rate of visual impairment in a low socioeconomic population that
is associated with decreased vision dependent functioning and decreased overall physical
health status” (Hollands et al., 2009).
A recent study of 3555 adolescents aged 12 to 21 in the USA showed that 12.3% had
visual acuity of 20/40 or worse in their better seeing eye, of which 86.1% were correctable to
at least 20/30, indicating that 1/10 of all adolescents had reduced vision that is correctable
(Kemper, Wallace, Zhang, Patel, & Crews, 2012). Due to restriction on resources for health
care, Logan and Gilmartin suggested conducting vision screenings at 5 followed at age 11,
with no other subsequent screening (Logan & Gilmartin, 2004).
In an Australian study of children attending either kindergarten or year 5, a vision
screening conducted as part of a community health program showed that 20.6% of the
children were referred to a vision specialist and that reduced visual acuity accounted for
16.7% of the referrals (Jones, 1999). In 131 Australian children (84% participation) aged 5 to
18 years attending a private school in Sydney, vision was screened as part of a pilot study,
and 28% were found to have a significant refractive error (Rose et al., 2003).
Elsewhere  in  the  UK,  the  ‘City  University  Vision  Screener  for  Schools’  was  used  to  
determine the prevalence of reduced distance visual acuity and stereopsis as measured
directly on the computer screen among 245 school children aged between 5 and 8 years
(Thomson & Evans, 1999). A failure rate of 19.6% was found, with only one-third under
professional care and two-thirds being unaware of their vision problem (Thomson & Evans,
1999).    Additionally,  a  questionnaire  completed  by  the  children’s  parents  revealed  that  47.3%  
of the children had never had an eye examination (Thomson & Evans, 1999). In London, a
study on children aged zero to 14 years who had been referred to a London based vision
clinic  by  GP’s,  community  medical  officers,  school  nurses  and  health  visitors,  identified  that  
41% had a significant refractive error and 8% required patching for amblyopia which may
otherwise have gone unnoticed (Donaldson, Karas, Charles, & Adams, 2002). In Chile,
children aged 5 to 15 years (n = 5304) 15.8% were found to have uncorrected visual acuity
(Maul et al., 2000).
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In a screening of 2511 Tanzanian secondary school students, 6.1% were found to have
significant refractive errors, with two thirds of these students not having any correction
(Wedner et al., 2002). In fact, the global estimates show that more than 2.3 million people in
the world suffer from poor vision associated with refractive error (Naidoo & Jaggernath,
2012). Uncorrected refractive anomalies are present in all countries worldwide, even in the
US. In the deprived inner city schools in Baltimore, 8.3% of students who required glasses
did not have them (Preslan & Novak, 1996).
In countries where the ability to acquire spectacles is limited for individuals, simply
providing ready-made spectacles has shown also to improve quality of life, although the
authors addressed the issue that individuals with high astigmatism will need custom
spectacles (Brady et al., 2012). It has been shown that the cost of loss of productivity
associated with uncorrected vision loss is higher than allocating resources to correcting
refractive error (Fricke et al., 2012). Hence, identifying visual anomalies and educating
parents and teachers of such anomalies is the best start to decreasing vision anomalies in the
community (Sharma, Congdon, Patel, & Gilbert, 2012).
Vision screenings based on a minimum number of tests including visual acuity,
stereopsis and autorefraction have been shown to be fairly fast, even in very young children
at 3 years of age. A time analysis was carried out during the Paediatric Amblyopia Risk
Investigation Study (PARIS) on children aged 3 to 6 years which demonstrated that visual
acuity using the LEA symbols took 5.4 ± 1.6 minutes, stereopsis (Random Dot E test) took
1.9 ± 0.9 minutes and non cycloplegic autorefraction took 1.7 ± 1.0 minutes, totalling an
average of 9 minutes per child (Savage et al., 2005). The fastest vision assessment appears to
be  the  ‘City  University  Vision  Screener  for  Schools’  fully  automated  screening  system  that  
uses a computer to assess visual acuity, stereo acuity and colour vision, in an average time of
3 minutes per child (Thomson & Evans, 1999), however a variety of screening
recommendations exist (Table 4). Although screening 3 year olds has been undertaken,
results from 4 year olds have been shown to be faster and more reliable (Kvarnstrom &
Jakobsson, 2005). Furthermore, only 80% of 3 year olds children can be successfully
screened whereas 94% of 4 year olds can be screened (Hartmann et al., 2006). A concern of
preschool  vision  screening  is  that  it  may  give  the  parent  false  assurance  that  their  child’s  
vision  will  always  stay  ‘normal’  and  they may therefore neglect regular vision assessments.
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All parents must be made aware that other conditions, such as myopia and binocular vision
anomalies may develop later in primary or even secondary school years (Logan & Gilmartin,
2004), warranting regular vision check-ups.
Table 4. Recommended Tests for Vision Screening
Referral
Cut offs

Tests

Age Group

Source

ETDRS/Lea Visual
Acuity
Random Dot E
Stereopsis
SureSight Screener
Non-Cyclo
Autorefraction

Any outlier

3–6 years

(Savage et al.,
2005)

Tests for screening:
LogMAR letters
Symptom and History
Questionnaire
Stereopsis
Colour Vision
Monocular Distance
VA

Cut-offs listed are from complete examination :
VA 6/9.5 (LogMAR 0.2)
Myopia  ≥  0.75  D
Hypermetropia  ≥  3.0  D,  Astigmatism ≥  1.5 D,
Anisometropia  ≥  1  D,  Any  strabismus,
Distance Exopropia  ≥  5  Δ,  
Distance Esopropia    ≥  5  ∆,
Near Exopropia  ≥  10  Δ,  
Near Esopropia  ≥  6  Δ
Hyperphoria ≥  2  Δ,  Any  pathology

5–8 years

(Thomson &
Evans, 1999)

Snellen (Sloan) VA
Frisby Stereo Test

6/12

4–4.5 years

(Lim et al., 2000)

Modified Clinical
Technique (MCT)

VA binoc 20/40 or better for kindergarten
VA binoc 20/30 or better for 3rd and 6th
graders,
Refractive  status  ≤  +1.50  DS,  <  -0.50 DS, < 1.00 D of astigmatism and Anisometropia,
binocular status (non-strabismic, with
heterophoria  between  4  ∆  Exophoria and  4  ∆  
Esophoria at  far  and  between  9  ∆  Exophoria to
5  ∆  Esophoria at near)

Kindergarten
& Primary
School

(Blum, Peters, &
Bettman, 1959;
Hayes, Cohen,
Rouse, & De
Land, 1998)

The Orinda Study
VA = 20/40 or poorer either eye
Elementary
(MCT Battery of tests) Refractive error, >+1.50 DS, <-0.50 DS, >1.00 school
Brief History
DC, >1.00 D anisometropia.
VA Snellen/HOTV
Any tropia,
chart 3m
Distance:  Esophoria  or  Exophoria  of  5  ∆  or  
Refractive Error
more
measured by
Near:  Esophoria  or  6  ∆  or  more  or  Exophoria  
retinoscopy
>10  ∆  
Cover test
Hyperphoria of  2  ∆  or  more  for  any  distance
Organic problems
Any pathology
assessed by
observation and direct
ophthalmoscope
Note: VA = Visual Acuity, XP = exophoria, EP = esophoria, DC = Dioptre Cylinder
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(Bailey, 1998)

From the recommended tests for vision screening (Table 4) the most common tests
include visual acuity, stereopsis, refraction by retinoscopy or autorefraction, cover test and
history. History in children is particularly important, as there are genetic vision conditions
that may be passed on that need follow up. In school aged children history will be of
particular importance, especially in relation to symptoms during nearwork (as alluded to in
the literature review).

The Convergence Insufficiency Symptom Survey (CISS)

Nearwork related symptoms have been shown to exist in school students (Mutti,
Mitchell, Moeschberger, Jones, & Zadnik, 2002). Clinicians acknowledge that it is
challenging to effectively document the full range of history and symptoms experienced by
the patient, especially a child. The history taking process takes time and does not necessarily
occupy a discrete niche at the beginning of a consultation, rather, additional information may
be garnered at any time during testing as new insights come to light. Furthermore, the
process  draws  heavily  on  one’s  considerable  knowledge  base  and  experience  in  order  that  the  
maximum is learned from the patient. Therefore, gathering information relating to symptoms
is a particular challenge within the setting of a vision screening. Many studies have used
questionnaires or surveys to assess visual symptoms (see Table 5), however, the survey that
has nearwork related questions called the Convergence Insufficiency Symptom Survey
(CISS) has had the most vigorous validation tests (see Table 6).
The Convergence Insufficiency Symptom Survey ((E. J. Borsting et al., 2003; M.
Rouse, Borsting, Mitchell, Cotter, et al., 2009; M. W. Rouse et al., 2004; Scheiman, Mitchell,
et al., 2005)) was designed to quantify and monitor the symptom levels associated with the
commonly encountered binocular anomaly, convergence insufficiency (CI). Initial studies by
the Convergence Insufficiency and Reading Study (CIRS) Group used 13 CISS questions
with a Likert scale of 3 alternative answers which achieved good construct validity and
reliability (Borsting et al., 1999; E. Borsting et al., 2003). Later, the Convergence
Insufficiency Treatment Trial (CITT) Study Group increased the CISS to 15 questions with 5
alternative response options in order to quantify the change of symptoms in CI with
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treatment. This newer version of the CISS (as shown in Table 5 - shaded/italic, and Table 21,
page 133) is  generally  referred  to  as  the  ‘revised  version’,  and  has  also  had  the  validity  and  
reliability of the survey confirmed in children (E. J. Borsting et al., 2003) and adults (M. W.
Rouse et al., 2004). This revised CISS has since been used for evaluating the effectiveness of
treatment for symptomatic CI by the CITT Study Group (Scheiman et al., 2008).
A CISS score of 16 or greater was chosen as a cut-off value for identifying CI by the
CITT Study Group based on the statistical parameter of one standard deviation from the
mean. This resulted in 12.5% of NBV children being classified as symptomatic and 87.5% of
CI classified as symptomatic by the developers of the CISS in an unmasked study (E. J.
Borsting et al., 2003). The cut-off value of 16 (out of a maximum of 60) was later reevaluated for examiner bias using masked examiners and confirmed as satisfactory (M.
Rouse, Borsting, Mitchell, Cotter, et al., 2009). The Marran et al. (2006) study of 412 school
children showed that the Convergence Insufficiency Symptom Survey (CISS) score for those
with NBV was 10 ± 8, for those with CI only the CISS score was 13 ± 11, for those with AI
only the CISS score was 20 ± 13 and those with both CI with AI their CISS score was 23 ±
13, indicating the combined group was most symptomatic (Marran et al., 2006). Marran et al.
(2006) showed all groups were significantly different from each other except the NBV to CI
only group, suggesting that AI rather than CI actually drives the symptoms (Marran et al.,
2006). Although the CISS was initially developed for CI, it is assumable that this survey may
be suitable for quantifying other binocular vision anomalies symptoms.
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2003

2006

X

X

X

X

(Patwardhan, Sharma,
Saxena, & Khanduja,
2008)
(D. M. Hoffman,
Girshick, Akeley, &
Banks, 2008)

1999

(Sterner et al., 2006)

1999

(Scheiman et al., 2003)

(P. Adler, 2002)

1993

(Maples & Bither, 2002)

(Baraas & Demberg,
1999)

Year
1. Do your eyes feel tired when reading
or doing close work?
2. Do your eyes feel uncomfortable
when reading or doing close work?
3. Do you have headaches when
reading or doing close work?
4. Do you feel sleepy when reading or
doing close work?
5. Do you lose concentration when
reading or doing close work?
6. Do you have trouble remembering
what you have read?
7. Do you have double vision when
reading or doing close work
8. Do you see the words move, jump,
swim or appear to float on the page
when reading or doing close work?
9. Do you feel like you read slowly?
10. Do your eyes ever hurt when reading
or doing close work?
11. Do your eyes feel sore when reading
or doing close work?
12. Do you feel a pulling feeling around
your eyes when reading or doing
close work?
13. Do you notice words blurring or
coming in and out of focus when
reading or doing close work?
14. Do you lose your place while reading
or doing close work?
15. Do you have to re-read the same line
of words when reading?
Trouble focusing at close distance
Do you have difficulties in quickly changing
focus from the board, to your text book, and
back to the board again?
Eye strain
Distance related questions (blurred distance
vision, words seem to double on the
blackboard, more comfortable covering one
eye at distance, difficulty focusing when
shifting from distance to near)
Disturbed by the lighting in the classroom
Head tilt or tilting book when reading
More comfortable when closing one eye at
near
Dry eyes/burning eyes/stinging
eyes/excessive blinking/rubbing eyes while
reading
Watery or runny eyes
Ocular discomfort, rubbing eyes
While reading words go smaller/bigger/fade
or disappear
Tired and sore neck and back
Omits words when reading
Avoids reading
Writes up/down hill
Reading comprehension down
Holds reading too close
Trouble keeping attention on reading
Difficulty completing assignments
Clumsy/forgetful/loses belongings

Conlon, 1999

Reference

(Russell & Wick, 1993)

Table 5. Surveys employed variously to explore visual symptomatology. The CISS is shaded/bold.
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Table 6. Convergence Insufficiency Symptom Survey Studies to Date
CISS

Purpose

CISS, 13 Questions
(Borsting et al., 1999)
8 to 13 years
14 with CI and 14 with NBV
Clinic population.
CISS13 Questions
(Borsting et al., 2003)
8 to 15 years
392 children
Population Based
CISS15 Questions
(Borsting et al., 2003)
9 to 18 years
N = 47 with CI, 56 with NBV
Recruited from five optometric teaching
clinics
CISS 15 Questions
(Rouse et al., 2004)
19 to 30 years
46 prepresbyopic adults with CI and 46
adults with NBV

Symptoms in CI vs. NBV

CISS 15 Questions
(Scheiman, Mitchell, et al., 2005)
9 to 18 years
11.5 ± 2.2 years
CI selected from clinical population
CISS 15 Questions
(Scheiman, Cotter, et al., 2005)
n = 1572
9 to 18 years

Treatment of CI
CI only

CISS 15 Questions
(Borsting, Chase, Tosha, & Ridder, 2008)
College students
Mean 19 years 9 month
N = 23 students
Random Selection
CISS 15 Questions
(M. Rouse, Borsting, Mitchell, Cotter, et
al., 2009)
9 to 18 years
46 children
CISS 15 Questions
(Marran et al., 2006)
Mean age 11.5 SD 0.63

Results
Children with CI scored significantly
higher than children with NBV

Symptoms in population-based
children

Symptoms in CI vs. NBV

Good discrimination (sensitivity, 96%;
specificity, 88%) was obtained using a
score of ≥  16
CI = 30.8 SD 8.4
NBV = 8.4 SD 6.4

Short-term stability of symptoms
associated with visual discomfort

CI subjects were asked to return in 1 to
2 week and were given the CISS for a
second time. Intraclass correlation
coefficient = 0.88 for the two
administrations which suggested good
to excellent repeatability for the CISS
Thus, symptoms in CI adults were
stable over a short time interval
CI = 37.3 SD 9.3
NBV = 11.0 SD 8.2
n/a

To compare base-in prism reading
glasses with placebo reading glasses
for the treatment of symptomatic
convergence insufficiency (CI) in
children
long term (approx 1 yr apart)
variability of visual discomfort
symptom reporting using the CISS

n/a

To assess whether there was
examiner bias in the original CITT
for NBV

n/a

To assess the comorbid effect of AI
with convergence insufficiency

Mean CISS score for: AI only = 19.7,
CIwithAI = 22.8, NBV= 10.3, CIonly=12.9, Using a two-factor analysis
of variance (AI and CI), the AI effect
was significant (AI mean = 21.56; no AI
mean =11.56, p < 0.001), whereas
neither the CI effect (p = 0.16) nor the
CI by AI interaction effect (p = 0.66)
were significant.

n/a

SD = Standard deviation, AI = Accommodative insufficiency, CI = Convergence Insufficiency, NBV = Normal
Binocular Vision
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Considerations for Vision Screening
Non cycloplegic hyperopia detection

It is agreed by all that vision screenings should at least aim to identify those children
with an amblyogenic risk and/or significant refractive error. An accurate identification of
refractive error requires the skills of a highly trained practitioner who can interpret whether
test results are under the influence of reflex accommodation during proceedings when in
actual fact accommodation should be absent. However, it is possible to use electronic
instruments that will provide a reasonably accurate indication of the refractive error,
particularly when the accommodative system has been inhibited through the use of
pharmaceutical agents. The use of autorefractors will now be explored.
There are several manifestations of hyperopia, all of which can only be unmasked by
the use of cycloplegic agents that paralyse the ciliary muscle and inhibit accommodation. An
absolute hyperopia cannot be overcome with accommodation reserves, therefore an
uncorrected absolute hyperope would lead to blur in distance and near vision, hence, easily
identifiable in screenings. Hyperopia also has two other components, which can be overcome
by accommodation; manifest hyperopia and latent hyperopia. The difference is that manifest
hyperopia can be detected without cycloplegic agents using the fogging technique (whereby
the eye is fogged by the addition of a plus lens – generally +2.00DS or less to control
accommodation. See McMonnies, 2009 for details regarding monocular and binocular
fogging), whereby the eye will accept equivalent amounts of plus. However, latent hyperopia
does not accept any plus correction readily as this portion is overcome by accommodation
and for detection cycloplegic drugs are needed. Therefore, although all components of
hyperopia are important to identify clinically, especially when making decisions regarding
prescribing, identifying only the manifest and absolute portions of hyperopia may be a
compromise needed to be made for non cycloplegic screenings to persevere. Most
prominently, it is important to consider symptoms, as “significant  hyperopia  is  defined  as  any  
degree  of  hyperopia  sufficient  to  cause  symptoms  requiring  remediation” (A. American
Optometric Association, 2008, p. 4). Problematically though, most individuals including
adults do not realize their symptoms may be due to their refractive state.
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Alternatives to detect a likely hyperopia during non cyclopegic refractive screening
and necessity to detect all forms of hyperopia for screening need to be investigated. Three
generalizations can be made regarding hyperopia; one that the absolute and manifest forms
can be detected without cycloplegia, secondly if the hyperopia affects their binocularity
(accommodation- vergence linkage) then they may be symptomatic and thirdly it may
interfere with education (Stewart-Brown, Haslum, & Butler, 1985), therefore referral to an
eye specialist could be due to one of three conditions, whereby any existing hyperopia would
be detected by default (Atkinson et al., 2007; Atkinson et al., 1996). Unfortunately, even in
the hands of an eye specialist hyperopia management strategies are variable with no solid
treatment criteria, ranging from ≥  +0.50 D up to +4.00 D.

Cycloplegia

In a vision examination, cycloplegia is still the gold standard for fully detecting and
correcting refractive status (Choong, Chen, & Goh, 2006) and is most important in assessing
hyperopic refractive error in children (Fotedar et al., 2007). Cycloplegics reveal the total
amount of hyperopia, including the latent component. However, after standard clinical
cycloplegic administration, the difference in refractive error is generally less than 1.00 D
more than that measured by careful non cycloplegic fogging (Augsburger, 1987). The
difference between non-cycloplegic and cycloplegic refraction is slightly higher, at 1.2 D,
when atropine (a stronger cycloplegic with longer half time) was administered (Hiraoka et al.,
2012).
Subjective refraction under cycloplegia has been considered as the reference value in
which autorefractor measurements are compared against (Chat & Edwards, 2001). However,
mass screening of schoolchildren using cycloplegic drugs is undesirable by school personal,
parents and school children. Practically, although rare, the side effects of cycloplegics may
be too great for school screening environments, as detailed below. Also in terms of
screening, adding the use of cycloplegics would mean that post cycloplegic examination
would be required. In addition, Australia has one of the world’s  leading  allergy  concerns  in  
the pediatric populations (Asher et al., 2006; Osborne et al., 2011; Osborne, Ukoumunne,
Wake, & Allen, 2012). In a country where at least 5-10% of children have allergies the risk
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of inserting a potentially allergy inducing drug to large school masses without emergency
facilities is too precarious (L. W. Jones & Hodes, 1991), therefore use in such settings is
unfeasible.
Also, cycloplegic drugs are known to increase the intraocular pressure (IOP) of adults
with closed angle glaucoma. A study showed significant IOP increase occurred even in 32%
of open angle glaucoma patients following dilation with 2.5% phenylephrine and 1%
tropicamide (Shaw & Lewis, 1986). Although a pupil check can be made at schools, with a
recent report of increased IOP even in normal subjects who had normal open angles as
measured using a Goldmann three mirror gonioscopy raises concerns (Kim et al., 2012). This
report showed a significant statistical increase in mean IOP from a pre-dilation IOP of 11.48
± 2.85 mmHg and a mean post-dilation IOP of 12.36 ± 2.58 mmHg, with an individual who
increased up to 6mmHg (Kim et al., 2012). Another study has similarly shown that 1-2% of
healthy persons display a pressure elevation of 6mmHg or more after treatment with 1%
cyclopentolate (Harris, 1968). In a screening environment, although a check can be made
using a penlight torch for narrow angles, the intricate check of a gonioscope will not be
possible and even individuals without narrow angles may have increased IOP (Harris, Galin,
& Mittag, 1971), again raising concerns about installing mydriatic eye drops to a large school
population. However, it is conceded that the detection of all forms of ametropia are very
important, especially hyperopia, therefore warranting alternative non cycloplegic methods for
easier detection in screenings. For objective refraction data the use of autorefraction has been
suggested.

Autorefractors

There are a wide range of autorefractors available; hand held autorefractors, open
field autorefractors and closed field autorefractors. Autorefractors are becoming more
widespread in eye clinics and vision research. Their popularity in clinical practice is
attributable  to  their  ease  of  use,  ready  availability,  patients’  acceptance  and  repeatability  
(Toshida, Okuyama, & Tokoro, 1998). Clinically it is not used as the final prescription but
merely a guide to speed subjective refraction. Thus there is some justification of the use of
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autorefractors for the purpose of vision screening in children (Adams, Dalton, Murphy, Hall,
& Courage, 2002; Cordonnier & Dramaix, 1999; Miller, Harvey, & Dobson, 1999).
Previously, closed field autorefractors where the only autorefractors readily available
and still to this day are the preferred option in clinical settings as the open field autorefractors
have unfortunately not been marketed in the same vein as closed field autorefractors. There
is evidence suggesting non cycloplegic autorefraction has reasonable accuracy and
repeatability when compared with cycloplegic retinoscopy and subjective refraction (Davies,
2003; Bettina Kinge, Midelfart, & Jacobsen, 1996; McKendrick & Brennan, 1995; Salvesen,
1991; Steele, Ireland, & Block, 2003; Toshida et al., 1998; Wesemann W, 2000). Screening
literature investigating cycloplegic vs. non-cycloplegics with autorefractors conceded that
autorefractors in general are acceptable as a screening tool (Naidoo & Govender, 2005)
Closed field autorefractors, where the patient views an image (such as a house or
balloon) have reasonable accuracy that is improving with advances in technology. The older
generation Nidek autorefractor in comparison to subjective refraction, have shown that 71%
of the time the differences were 0.25 D sphere or less, while for 90% of the time these
differences are less than 0.50 D sphere (Wood, Papas, Burghardt, & Hardwick, 1984). In
terms of cylindrical component, differences between Nidek autorefraction and subjective
refraction, showed 75% had a difference of equal to or below 0.25 D cylindrical and 91% had
a difference equal to or below 0.50 D. There was less agreement of autorefractor cylinder
axes, with 47% being within 10 degrees and 66% being within 20 degrees of subjective
refraction. Wood et al. (1984) also showed a positive shift with the Nidek autorefractor in
comparison to subjective refraction, of +0.36 dioptre sphere (Wood et al., 1984). Wesemann
(2000) compared the accuracy of the newer generation Nikon retinomax hand held
autorefractor to subjective refraction in both adults (n = 50 students, 100 eyes, aged 24 to 29
years) and children (n = 27 students, 50 eyes, aged 2 to 10 years). In the adult population,
Wesemann (2000) found there was an average over plus of 0.28 ± 0.38 D spherical
equivalent of the autorefractor compared to the subjective refraction, showing a slight
improvement in accuracy compared to the Nidek autorefractor investigated in the Wood et al
(1984) study. Cylinder powers have been shown to be extremely accurate with autorefractors
compared to subjective refraction. Cylinder powers and cylinder axis determined
automatically using a hand held autorefractor, Nikon Retinomax, and subjectively were very
similar, with a mean difference of +0.05 ± 0.32 D for cylinder and their weighted axes
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difference (DA) was +0.02 ± 0.51 D (Wesemann, 2000). Most instruments, including the
Nidek AR-1000, Humprey 500, Humprey 530 (Yeow P, 1989) have good agreement in
objective and subjective cylinder powers. The new generation open field autorefractor has an
even more accurate reading compared to older versions of autorefractors. The major
difference between the older studies and the newer studies is that the development of
technology has brought with it major advances with autorefractors, hence dramatically
improving accuracy.
In open field autorefractors the binocular field of view is through a large beam splitter
and permits fixation of an external target, which could be as close as 20 cm and as far as can
be. It is therefore expected that instrument myopia, which is a by-product of proximal
accommodation,  will  be  less  with  an  open  field  autorefractor  than  the  conventional  ‘closedfield’  autorefractors  in  which  the  target  is  inside  the  instrument  but  placed  at  optical  infinity.
Zadnik et al. (1992), compared subjective refraction to objective refraction in cyclopleged
subjects using an older version of open field autorefractor, the Canon R-1, and showed no
statistical bias. Another study investigated 3 newer autorefractors; one open field (the Shin
Nippon NVision-K 5001, Japan; also known as the Grand Seiko WR-5100K) and two closed
field autorefractors (Retinomax K-plus 2, Nikon Corp, Japan and Canon RK10 Autorefractor,
Canon, Japan), which uses an automatic fogging system to control accommodation (Choong
et al., 2006). In contrast, the NVisionK-5001 does not need a fogging system as the
instrument allows an unrestricted binocular view of distant targets, which is closer to natural
viewing (Chat & Edwards, 2001; Wolffsohn, Gilmartin, Mallen, & Tsujimura, 2001) and
may be more appropriate to screening settings in schools; utilizing open corridors or outdoor
fields.
In Choong et al, (2006) comparison of cycloplegic to non-cycloplegic autorefraction,
there was a tendency towards minus over correction when the autorefractor was used under
non-cycloplegic conditions compared to cycloplegic conditions, with the NVision-K 5001
open field autorefractor (-0.33 D) giving the closest results to cycloplegic, where the mean
sphere for the Retinomax (-1.31 D) and the Canon (-0.88 D) was highly over-minussed
(Choong et al., 2006). Compared to the subjective mean when cycloplegic agents were used
there was an over plus using the NVision-K 5001 autorefractor by 0.15 D (Choong et al.,
2006). Hence, in terms of the NVision-K 5001 open field autorefractor, it could be said that
when cycloplegics are used it over pluses by 0.15 D and when cycloplegics are not used it
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over minuses by 0.33 D, therefore there may be an error of approximately 0.50 D, which may
be an acceptable level for screening that can be taken into account for decision making
relating to refractive error.
Gwiazda and Weber compared the spherical equivalent refraction obtained with three
different autorefractors without cycloplegia: two open-field autorefractors (Grand Seiko WR5100K and Canon R-1) and a closed-field autorefractor (Nidek ARK-700). Not surprisingly
both open-field autorefractors recorded more positive values than the Nidek closed field
instrument by a difference of 0.65 D and 0.22 D, respectively; in the comparison between
both open-field instruments the Grand Seiko (i.e. same instrument as the Shin Nippon
NVision K-5001) gave more positive values by an average of 0.43 D (Gwiazda and Weber
2004). The Shin-Nippon NVision K-5001 has also been correlated well with subjective
refraction; where subjective refraction gave more myopic or less hyperopic values by an
average 0.14 D, which suggests a good control of instrumental accommodation stimulus by
the instrument (Davies, Mallen, Wolffsohn, & Gilmartin, 2003).
However, a minimal accommodative response has shown to affect children especially
hyperopes (Chat & Edwards, 2001), and this has been suggested to be controllable using plus
lenses (Queiros, Gonzalez-Meijome, & Jorge, 2008). Quiros et al. (2008) showed
emmetropic and hyperopic groups displayed significant evidence that fogging lenses in front
of the eyes like spectacles were as efficient as cycloplegia in preventing myopic shift using
the open field NVisionK-5001 autorefractor (Queiros et al., 2008). In fact, they showed that
the difference between using fogging lenses and cycloplegia was approximately 0.15 D for
emmetropes and hyperopes (Queiros et al., 2008). Using optical fogging has been practiced
in visual acuity assessments, during non-cycloplegic retinoscopy and is especially common
for testing pre-school children (Ward & Charman, 1987) and where appropriate, as
cycloplegic agents will not be used fogging will be the preferred alternative for studies in this
thesis.
Therefore, for vision screening purposes, to detect any ametropia an open field
autorefractor may suffice. However, this provides only objective information about the
child’s  eyes,  and  not  subjective  information  regarding  what  they  are  experiencing.    In  
addition to detect those with risk factors a survey (for example the CISS as mentioned on
page 41) may be sent to parents asking about a family history of eye anomalies, including
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refractive and binocular vision anomalies. Parents or students may be given the CISS to
assess the presence of nearwork related symptoms. Those students that display normal visual
acuity but are symptomatic and in need of correction will therefore not be missed. Academic
proficiency may also be questioned, as non-proficient readers had significantly poorer
academic performance and vision screening scores, than the proficient readers (Goldstand,
Koslowe, & Parush, 2005).
The major purpose of identifying a refractive anomaly in a screening is different to
clinical situations, eg screenings are primarily interested in epidemiological issues, including
hyperopia, myopia, astigmatism and anisometropia,, The major challenge during a vision
screening is the identification of hyperopia, especially when cycloplegic agents are not used.
High hyperopia would probably be detected without cycloplegics as there may be an effect on
distance and/or near visual acuity, however low hyperopia may not be transparent in
screenings and possibly missed. As a safety net using fogging lenses and symptom surveys
are an option that may be considered. In addition, students with a binocular vision anomaly
may be missed using traditional screening techniques and the use of a symptom survey may
help determine at least the children who are effected by a binocular vision anomaly.
Whereas, a clinical assessment has much more time and equipment at their disposal.
Generally there may be a case history or parents present. Cycloplegic drops may be
administered in a controlled environment and patient monitored. Therefore, in terms of
refraction there is an array of information at the clinicians disposal before management
whereas a screening is merely a glimpse.
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Evaluating the Binocular Vision System & Tests
The literature review has alluded to the components of binocular vision and the
importance of the cross-coupled vergence and accommodation system. The next sections
will further describe the accommodation and vergence systems, including relevant clinical
tests.

The accommodation system

The function of accommodation is to maintain images focused on the retina by
increasing or decreasing the refractive power of the crystalline lens. The lens shape is
controlled by the tension of the zonules in response to actions of the ciliary muscle. The
process of accommodation is effected through the contraction of the circular fibers of the
ciliary muscle which relieve the tension on the radiating fibers of the zonule which in turn
allows the elastic lens to assume a more globular state, hence, increasing the refractive power
of the lens (Fincham, 1937). The human ciliary muscle is innervated by the autonomic
nervous system. There is dual innervation to the ciliary muscle; sympathetic and
parasympathetic. However, control is predominantly parasympathetic with a small inhibitory
sympathetic input (Bullimore and Gilmartin, 1988).
Accommodation may be stimulated by both physiological and psychological factors,
however, the initial drive and control of accommodation is predominantly through optical
defocus (Fisher & Ciuffreda, 1989). Accommodation has also been shown to respond to both
dioptric and non-dioptric stimuli (Kruger, 1985). The overall accommodative response is
generally considered to be a non-linearly additive aggregate of four control factors classified
according to their stimulus characteristics (Heath, 1956a) comprising: tonic, proximal,
vergence and reflex accommodation.
Tonic accommodation refers to the intermediate accommodative state at about 1 D
(Rosenfield, Portello, Blustein, & Jang, 1996) when there is no adequate stimulus to
accommodation. This includes intrinsic innervation from the sympathetic and
parasympathetic branches of the autonomic nervous system (Gilmartin & Hogan, 1985).
Stimulus conditions that would be expected to influence the magnitude of tonic
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accommodation include spatiotopic cues such as perceived size and distance (Schor, 1999),
extraretinal cues from tactile experiences, vestibular and auditory inputs, plus efferent signals
of extraocular muscle activity. Amerson and Mershon (1988) found that there were
significant diurnal shifts in tonic accommodation and proposed that there is an increasing
influence of the sympathetic nervous system until early afternoon, followed by an increasing
influence of the parasympathetic branch later in the day (Amerson & Mershon, 1988).
Proximal accommodation is the effect of accommodation elicited by knowledge of the
apparent or perceived nearness of an object (Marren, 1999). It can also be evoked to some
extent  by  mental  imagery,  for  example  by  “thinking  near”.    Proximal  accommodation  is  
typically measured under special blur-free  or  “open-loop”  conditions  in  which  a  subject  is  
made aware of the proximity of the target and nearby surrounds. Proximal accommodation
under binocular conditions is less than that during monocular viewing (Jones, 1993). This is
particularly important when evaluating monocular and binocular amplitude of
accommodation norms. Clinically, targets used to measure proximal accommodation will be
affected, as other cues to depth (e.g. relative size, brightness and interposition of objects) can
also affect proximal accommodation (Johnson, 1976; Kruger, 1986).
Convergence-accommodation is that accommodation driven by the degree of
convergence employed. As viewing at near requires convergence, convergenceaccommodation has an important influence on accommodation (Fincham & Walton, 1957)
and is defined as the accommodation produced due to a change in vergence (Balsom & Fry,
1959; Kent, 1958). The amount of convergence-accommodation per unit of convergence is
clinically known as the CA/C ratio (Kent, 1958). The autonomic accommodative response to
blur or retinal defocus is known as reflex-accommodation. Reflex-accommodation is the
only component of the accommodative system that is controlled directly by the quality of the
retinal image (Heath, 1956a).
Accommodation is a dynamic process that includes the latency of a response, speed of
a response (velocity) and stability during a sustained response (microfluctuations) (Anderson,
Glasser, Manny, & Stuebing, 2012). Dynamic accommodation can be measured both
monocularly (Anderson et al., 2012) and binocularly. Clinically, dynamic accommodation
can be assessed using the Monocular Estimate Method (MEM) or Nott method of retinoscopy
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(see Methodological Considerations). Accommodation dynamics is important as an
insufficiency is assumed to cause asthenopia.

Depth of focus

The depth of focus is also another influence on accommodation output. The depth of
focus of the eye is the range over which an optical image may move away from the retina
without apparent impairment of clarity to the observer (Atchison, Charman, & Woods, 1997).
The normal depth of focus of the human eye is about 0.6 D (Schwartz & Ogle, 1959).
Although independent of object distance (Westheimer & Levi, 1987), depth of focus is
markedly influenced by the diameter of the pupil, whereby an increase in the depth of focus
occurs with smaller pupil sizes (Ward, Charman, WN, 1985), hence allowing relatively clear
vision despite larger errors in accommodation (e.g. pinhole effect when refracting).
However, as convergence increases for nearer working distances, the size of the pupil
reflexly decreases as a result of the near triad – in turn improving depth of focus and
permitting an inaccuracy of the accommodative response. The major importance of the depth
of focus in understanding accommodation mechanisms is that it reduces the necessity for
precise accommodation.

The vergence system

The vergence system senses disparity between the retinal images in the two eyes and
uses feedback to rotate the two eyes until fusion is achieved (Leigh, 1999; Westheimer,
1956). Retinal disparity is a major stimulus for vergence eye movements (Westheimer,
1956). The motor response to a change in retinal disparity can be separated into two stages;
the initiation stage, which is fast, coarse and transient open loop mechanism; and the
completion stage which is a slow, sustained and feature-sensitive mechanism (Alvarez,
Semmlow, Yuan, & Munoz, 2000; Hung, Semmlow, & Ciuffreda, 1986). The late
component is responsible for fine adjustment and correction of the vergence response and its
onset is considerably delayed with respect to the initial component response (Semmlow &
Hung, 1980) Vergence is usually expressed in terms of prism dioptres  (ΔD)  or  meter  angles  
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(MA). Meter angles are the reciprocal of viewing distance in meters and are equivalent to the
Dioptre (D). The product of MA and inter-pupillary distance (IPD) in centimetres gives
amount  of  vergence  in  ΔD.    Similar  to  the  accommodation  system,  there  are  four  components
comprising the total vergence response: tonic, proximal, accommodative and disparity.
Tonic vergence describes the physiological resting position of the eyes, that is, the
position of the eyes when all exogenous vergence stimuli (particularly disparity, proximal
and accommodative convergence) are minimised. Tonic vergence is also referred to as dark
vergence and is usually measured in the unit of metre-angles (MA). Schor (1999) stated that
there is a continuous tonic innervation to the extraocular muscles to align the eyes in the
physiological resting position during consciousness, even in the absence of any visual
stimulus. The eyes are typically convergent by approximately 0.25 to 0.75 MA in the
absence of visual stimulus (Rosenfield et al., 1996)
Proximal vergence is the response of the vergence system in response to recognising
that an object is nearby (Schor, 1999). The relative contribution of proximal vergence to the
overall vergence response remains constant with age (Hokoda, Rosenfield, & Ciuffreda,
1991).
Accommodative convergence is that amount of vergence change induced by an
accommodation change, and is thought to play an important role in the control of
accommodation (Fincham & Walton, 1957). The amount of accommodative-convergence per
unit of accommodation is termed the AC/A ratio. Whereas, vergence movements to disparity
occur  when  the  eyes’  motor  component  moves  to  bring  an  object  of  regard  onto  the  fovea  in  
order to obtain binocular fusion, ie: fusing two images as one.
Disparity vergence is stimulated by retinal disparity and is controlled by two
mechanisms; the fast acting mechanism and the slow acting mechanism. The fast acting
mechanism acts to reduce image disparity within 1 second, whereas, the slow acting
mechanism, sensory fusion, maintains binocular alignment (Rashbass & Westheimer, 1961).
The disparity vergence system has been shown to be a stable dynamic feedback system
(Krishnan, Phillips, & Stark, 1973).
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The accommodation-vergence linkage

The relationship between accommodation and convergence is synergistic in that a
change in accommodation causes a predictable change in vergence, and a change in vergence
causes a predictable change in accommodation (Ciuffreda & Ordonez, 1995). Models
describing the accommodation-vergence linkage have been developed since the early 1980s
(Hung & Ciuffreda, 1999, 2000; Schor, Alexander, Cormack, & Stevenson, 1992; Schor &
Kotulak, 1986) (see Figure 2). This relationship has generally been thought to remain stable
in non-presbyopic individuals (Goss & Wickham, 1995), although Flom and Eskridge (1968)
suggested that the accommodation - convergence association may be susceptible to alteration
due to prolonged use and fatigue. In fact Hung and Ciuffreda (1999) incorporated an
adaptation section to their model due to nearwork interactions (see Figure 2). As stated
previously accommodation and vergence associated with pupillary constriction constitute the
“near  triad”.    Vergence  and  accommodation  are  tightly  coupled  and  anatomical  studies  
reported difficulty in distinguishing midbrain cells related to accommodation and vergence
separately during the near-response (Judge & Cumming, 1986).
Under normal binocular viewing conditions, both accommodation and vergence
operate under closed-loop conditions and the responses are obtained in the presence of visual
feedback and from each other. When a stimulus is presented in the form of blur and disparity,
the respective controllers initiate the response. They also drive their respective cross-links
that feed into the opposite system. The output of the controller and the crosslink are summed
where tonic input is added on to give the net response elicited by the total system (crystalline
lens, ciliary body zonules & extraocular muscles). The accommodative and vergence errors
are fed back into the respective controllers via the feedback loop to fine tune and maintain a
stable response.
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Figure 2 Dual interactive feedback model of accommodation and vergence systems. Figure adapted from
previous literature (e.g. Hasebe, Nonaka, & Ohtsuki, 2005; Hung & Ciuffreda, 1999; Scheiman & Wick,
1994).

The accommodation and vergence system is clinically tested in several ways
assessing accuracy, flexibility and durability. In essence the systems are connected where a
change in one creates a simultaneous change in the other as shown in the accommodationvergence crosslink diagram (above), however, tests affecting this system will be explained
individually.
Following a basic vision assessment, including vision, refraction and assessment of
any major pathology, an eye assessment may be further widened to include binocular vision
assessments. The binocularity refers to the use of the two eyes and binocular vision
assessments are generally assessing the use of the eyes together harmoniously to comfortably
see one 3D image on a neural level. In a basic vision screening this may be thought of as
testing stereopsis, however, this section will outline other clinical binocular vision tests
primarily encompassing the accommodation and vergence systems.
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Stereopsis

Stereopsis assesses the smallest amount of horizontal retinal image disparity that
gives rise to the sensation of relative depth, known as a 3D image. Stereopsis ability is
expressed as stereoacuity, which expresses this threshold disparity in terms of the angle
subtended (seconds or arc) at the nodal point of the eye (Romano, Romano, & Puklin, 1975).
Studies have shown at ages 3-5 years development of stereoacuity is incomplete (Cooper,
Feldman, & Medlin, 1979; K. Simons, 1981), reaching adult stereoacuity levels with a mean
threshold of 25 ± 10 seconds of arc (Jimenez, Perez, Garcia, & Gonzalez, 2004), where 95%
of the normal adult population would be expected to have stereoacuity thresholds of at least
40 second of arc (Cooper, 1979; Cooper et al., 1979). Clinically stereopsis is used as a guide
to an individual’s  binocularity  as  a  standalone  test  and  not  necessarily  indicative  of  the  
performance for other binocular tests. In fact, patients with large phorias, intermittent
strabismus and poor vergence ability can summon the resources to reach a good level of
stereopsis while the test is being performed (1998). Reliability of stereopsis and the value of
a single abnormal Randot graded-circles stereoacuity measure from school screening has
been questioned, as it has been shown to have a practice effect where children exhibiting poor
stereoacuity on initial testing are likely to exhibit a normal result when retested (Adler,
Scally, & Barrett). The benefit of using a stereopsis test for screening would be that children
with constant strabismus, anisometropia and uncorrected high refractive anomalies would not
be able to pass test, therefore most recommendations for vision screening (as seen in Table 4)
include stereopsis.

Binocular vision test norms

Once a practitioner collects appropriate tests results for a patient, they must compare
them with some standards of normalcy in order to make a clinical judgment regarding the
necessity for treatment. Since many clinical judgments involving future spectacle
prescription and/or visual training procedures may be based on this information, it is
important to determine if these findings represent reasonable and acceptable ranges.
Population normative data were first documented by Morgan 1944 and Scobee and Green in
1948 (Morgan, 1944; Scobee & Green, 1948) and since then there have been many revisions
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(see Table 9 and Table 10 on pages 73 and 75 for reference). Unfortunately the available
literature shows little agreement on what constitutes the normal finding (see Table 7, page
62). However there is agreement that any refractive error must be corrected or tests must be
performed with best corrected spectacles to give optimal results. For binocular vision
diagnosis purposes in this thesis, Study 4, the American Optometric Associations Binocular
Vision Assessment Guidelines expected norms table was utilized (American Optometric
Association, 2010) however the variability in literature is discussed.

Accommodation

Clinical tests of accommodative function primarily include 1) accommodative
accuracy (the amount by which the dioptric accommodative response is less than or greater
than the dioptric accommodative demand i.e. lag or lead of accommodation), 2) ability to
change accommodation rapidly against a forced dioptric changed in the face of fixed
vergence demands (accommodative facility), 3) the degree to which accommodation can be
increased/reduced without change in clarity for a target having fixed vergence demands
(negative/positive relative accommodation respectively) and 4) the maximum amount of
accommodation that can be exerted (amplitude) (Goss, 1992). Accommodative clinical tests
are outlined below.

Accuracy of accommodation (lag or lead of accommodation) measurements
The accuracy of accommodation is measured generally by comparing the amount by
which the dioptric accommodative response is less than or greater than the dioptric
accommodative demand i.e. lag or lead of accommodation. These changes can be induced
using changes in testing distances or lenses. The response of accommodation to distance or
lenses can be plotted against an Accommodation Stimulus Response Curve (ASRC). The
classical ASRC is S-shaped and shows that there is a lead of accommodation for distant
targets and a lag of accommodation for nearer targets. The cross-over point is thought to
represent the equilibrium state of the tonic accommodative system between the antagonistic
action of the parasympathetic (positive accommodation) and sympathetic (negative or
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relaxing accommodation) innervation (Ward and Charman, 1985), however for all children
the ASRC does not follow the expected S-shape, where there is a constant lag of
accommodation (see Figure 3).

Figure 3. General schematic representation of accommodative response/stimulus curve. A: Lead of
Accommodation (non-linear). B: Accommodative Response = Accommodative Stimulus (tonic state or resting
state) C: Lag of accommodation (non-linear), where increasingly smaller changes in accommodative
response is present for progressively greater increases in accommodative stimulus. D: Maximum
Accommodation – as measured by the amplitude of accommodation, where changes in accommodative
stimulus are no longer capable of eliciting any response. Adapted from (Abbott, Schmid, & Strang, 1998;
Gwiazda et al., 1993; Kalsi, Heron, & Charman, 2001).

The accuracy of accommodation clinically can be measured using monocular
estimation method (MEM) retinoscopy. In research settings the accuracy of accommodation
may be measured using either autorefractors (see review (Chen, Schmid, & Brown, 2003)),
PowerRefractors based on photo-retinoscopy (Schaeffel, Wilhelml & Zrenner, 1993;
Schaeffel, Weiss, & Seidel, 1999; Seidemann & Schaeffel, 2003) or wavefront sensors
(Hazel, Cox, & Strang, 2003). Techniques to stimulate accommodation include Badal Lens
Systems (Seidel, Gray, & Heron, 2003), distance-induced (McBrien & Millodot, 1986) or
lens-induced stimulation (Gwiazda et al., 1993). The accuracy of the accommodation
response may also be influenced by factors such as target properties, where targets with low
spatial frequency have less accurate accommodation (Tucker, 1987; Ward & Charman,
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1985), waveform and contrast, where a decrease in image sharpness and contrast leads to
inaccurate accommodation (Harpster, 1989; Owens, 1980), chromatic aberration (Fincham,
1951; Kruger, 1986), where more accommodation is required to focus chromatic targets
composed of long wavelengths than those with short wavelength characteristics (Lovasik,
Kergoat,1988).
As there has been a large range of methodologies employed for measuring
accommodation, there has been variability in the measured lags (as shown in Table 7 below).
The slope of the ASRC is flatter with the use of negative lenses and steeper with distanceinduced accommodation (Yeo, Kang, & Tang, 2006). Stimulation using the distance method
has been interpreted to produce the least accommodative errors compared to lens induced
accommodation, based on proximity cues improving the accuracy of accommodation (Wick
& Currie, 1991). The accommodation response induced by negative lenses produced the
poorest accommodative results, suggesting that the blur produced by negative lenses is less
effective at stimulating accommodation (Abbott et al., 1998; Gwiazda et al., 1993; Yeo et al.,
2006)
Although most binocular vision assessments can be measured binocularly (associated)
and monocularly (dissociated), testing binocularly provides a more complete picture of the of
the natural binocular interactions. For example, the accommodation stimulus-response has
been measured under binocular (Bullimore, Gilmartin, & Royston, 1992), monocular (Jiang
& White, 1999; Rosenfield, Desai, & Portello, 2002) and both binocular and monocular
viewing conditions (Seidemann & Schaeffel, 2003).
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Table 7. Variability in the accuracy of accommodation using various tests
Paper
(Yeo et al., 2006)

Number, Age
Groups
N = 17 emm
33 myopes,
16–23 years

Refractive
Groups

Binocular or
Monocular

Emmetropes
& myopes

Target type

Technique of
testing

Horizontal row of 5 high contrast
6/9 targets printed on
transparency

Autorefractors
Grand Seiko WR5100K, Japan

Distance: 4m, 1m, 0.5m, 0.33m,
0.25m
Lens at 0.25m: +4 D, +3 D, +2 D, +1
D, 0 D, -1 D, -2 D, -3 D, -4 D

ASRC gradient for emmetropes using:
Distance = 0.804 ± 0.109
Plus Lens = 0.271 ± 0.268
Neg Lens = 0.394 ± 0.311

MEM

40 cm

0.23 ± 0.29 D

(Jackson & Goss, 1991)
(Leat and Gargon, 1996)

6-10 years

(Weizhong, Zhikuan,
Wen, et al, 2008)

10.89 ± 1.60
years

(Rouse et al. 1984)

3–35 years

(Rouse, Hutter, &
Shiftlett, 1984)

N = 721,
4-12 years

(Woodhouse, Meades et
al. 1993

7-12 years

(Leat & Gargon, 1996)

20-26 years

(Woodhouse et al. 1993)

20-21 years

(Anderson, Glasser,
Stuebing, & Manny,
2009)

3–40 years

Emmetropes
& myopes

Monocular

Letters 20/32 to 20/100 Snellen
equivalent

(Jiang, Tea, &
O'Donnell, 2007)

~25.0 ± 2.0
years

Emmetropes
& Myopes

Monocular &
Binocular

(McClelland & Saunders,
2004)

N = 125,
4-15 years

Emmetropes

Binocular

Myopes
Binocular

Distances or Lenses Tested

Mean Lag of accommodation (± SD)

Nott DR

0.48 ± 0.42 D

5 x 5 array of Chinese characters
in N10 size

Autorefraction

0.74 ± 0.27 D

Print

MEM

35 cm (2.86 D demand)

MEM

+0.33 ± 0.35 D
4 years mean lag 0.28 D,
12 years mean lag 0.45 D

6 and 8 D
Nott Retinoscopy

Neither a lag nor a lead in the
accommodative response
Lag of 0.61 D, 1.5 D and 3.1 D for
accommodation demands of 8, 10 and 12
D respectively

8 D demand

Mean lag 0.73 D and 2.06 D for a demand
of 11 D

Grand Seiko WR5100K open-field
Autorefractor

Lenses
-1 D, -2 D, -3 D, -4 D

Decreases at a rate of -0.034 D per year
for the 3 to 20-year-old subjects viewing
the 3D stimulus demand

Color cartoon slide (visual field
3.4° _ 5.0°),

Canon R-1
optometer

40 cm
with and without
+2.00 D
near addition lenses

Monocular: 2.03 ± 0.06 (SE) D (without
lens) and 0.60 ± 0.07 D (+2.00 D lens)
Binocular: 2.11 ± 0.06 D (without lenses)
and 0.77 ± 0.07 D (with +2.00 D lenses)

White Perspex cube measuring 4
× 4 × 4 cm with high contrast
pictures of a range of spatial
frequency

Nott DR

4 D (25 cm), 6 D (16.7 cm), 10 D (10
cm)

0.30 +/- 0.39 D at 4 D,
0.74 +/- 0.58 D at 6 D,
2.50 +/- 1.27 D at 10 D.
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Accommodative facility
Accommodative facility tests examine the speed at which accommodation can change
imposed by the alternating lens powers (Goss, 1992). The accommodation system is
stimulated and inhibited repeatedly for a specific period of time while the angle of
convergence remains constant in binocular testing and the affect of convergence is eliminated
in monocular testing. The purpose of testing accommodative facility is for the
accommodation system to repeatedly change mimicking school or deskwork type
environments, therefore eventually exhibiting signs of fatigue.
Garcia et al. evaluated the relation between accommodative facility and
accommodative and binocular dysfunction (Garcia, Cacho, Lara, & Megias, 2000). They
found reduced binocular (less than 8 cycles per minute (cpm)) and monocular (less than 11
cpm) accommodative facility test result was positively associated with binocular dysfunction
(strabismic and non-strabismic). Variables that affect accommodative facility include,
whether testing monocularly or binocularly, or both, where some studies have shown cpm
decreases with binocular testing and others have found equal results for both although
theoretically it would be expected to be harder to maintain clarity binocularly as there are
more systems to control. Accommodative facility is generally tested at near at 33-40 cm
using an accommodative target, where the letters are between 20/20 to 20/40 on a reduced
near vision chart or fixation stick. In terms of time for testing most studies agree testing for 1
minute is necessary, where a few test for 30 seconds and multiply the result into two to obtain
cpm. Anecdotally, patients who have accommodative facility problems may slow down after
the first 30 seconds, not being able to clear the targets as rapidly, therefore 1 minute should
be preferred. Some studies have used suppression monitors, finding that using these monitors
decreased the mean cpm. For instance, the mean binocular accommodative facility was 7.05
± 4.25 cpm, while using a vectographic slide monitor for suppression and 9.5 cpm without its
use (Zellers, Alpers, Rouse, 1984) indicating that the suppression slide stimulates both eyes
to work binocularly making the task more challenging (Cacho, Garcia, Lara, & Segui, 2002;
Wick et al., 2002; Zellers, Alpers & Rouse, 1984). Using vectograms also make the task
more challenging as it reduced the luminance and contrast. While assessing accommodative
facility, a short practice is seen to be enough to avoid the known affects of practice
(McKenzie, Kerr, Rouse, & DeLand, 1987).
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Procedure for measuring accommodative facility
Accommodative facility is measured using ±2.00 D lens flippers while viewing a
reduced Snellen or logMAR letters of at least 20/30 letter line at 40 cm. The examiner flips
the ±2 D lens flipper whilst instructing the patient to clear the blur as rapidly as possible and
say  “now”  each  time  the  blurred  letters  became  clear.    After  20  seconds  of  practice,  the  
examiner counts the number of responses in the subsequent 60 seconds and converts the total
to cycles per minute.

Negative (NRA) & Positive (PRA) Relative Accommodation
NRA is assessed whilst stimulating relaxation of accommodation using positive lenses
and PRA is assessed whilst stimulating accommodation using negative lenses. These two
endpoints define the range of lens powers across which the patient has the flexibility to
maintain clear single vision. A low value of PRA may indicate that the patient does cannot
accommodate efficiently to counteract the introduction of negative lenses and thus that the
subject may have an accommodative dysfunction. On the other hand, a low PRA may occur
because the patient has inadequate negative fusional vergence to counter the accommodativevergence generated by the lens-induced increase in accommodation. A low value of NRA
indicates that the subject does not have the flexibility to relax accommodation, and as in the
case of PRA, this could be due to either accommodation or vergence anomalies, or both.
Alternatively, the subject may not be able to reflexly restore the visual axes through the use
of their positive fusional reserves that would otherwise diverge upon relaxation of
accommodation due to their low PFR. Hence, the anomaly may be a vergence anomaly that
affects the accommodation system by default.
Garcia et al. (2002) established that accommodation excess (AE) is related to low
NRA, however, convergence insufficiency (CI) and CI+AE have normal NRA, AI and CE
have high NRA and high NRA is definitely not related to AE. Additionally, convergence
excess (CE)+AE may have normal or high NRA (Garcia, Cacho, & Lara, 2002).
Alternatively, others determined that low NRA (< 1.50 D) was only related to CI (Scheiman
et al., 1996). When both NRA (≤  1.50  D) and PRA (≤  1.25  D) were low, then
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Accommodative infacility is diagnosed, indicating a lack of flexibility of the intraocular lens
(Porcar & Martinez-Palomera, 1997). The prominent relationship seems to be between high
PRA and CI, and high NRA and under-uncorrected hyperopia (Newman, 1998).

Procedure for measuring relative accommodation
NRA and PRA is assessed using a near visual acuity card situated at 40 cm with the
student fixating the horizontal 20/30 line of Snellen letters. NRA is measured first, adding
plus lenses binocularly in 0.25 D steps in a trial frame until the patient reported the first
sustained blur. PRA is assessed in the same manner by adding minus lenses in 0.25 D steps
until the student reported sustained blur.

Amplitude of Accommodation (AoA)
The maximum amount of accommodation that can be exerted is called the Amplitude
of Accommodation (AoA). There are two methods used to assess the AoA: push-up or
minus-lens  method.    Duane’s  data  have  been  the  basis  of  an  age-amplitude formula to predict
the AoA vs. age (H. W Hofstetter, 1950) and this expected age-amplitude formula is still
currently used in some research (Table 8). However, the prediction of the AoA using
Duane’s  curve  has  been  shown  to  give  overoptimistic  results  of  the  accommodation  function  
at younger ages (Sterner, Gellerstedt, & Sjostrom, 2004).

Procedure for measuring amplitude of accommodation
The examiner places one end of the ruler  or  tape  measure  on  the  patient’s  forehead  level  to  
eyebrows and instructs patient to read a line of letters that correspond in size to 20/20 visual
acuity (VA) on a fixation stick. The target is slowly moved towards the patient along the
ruler until sustained blur is reported. The distance between the eye and target is noted.
Measurements can be monocular or binocular and all measurements are generally repeated 3
times and averaged. To gauge whether the AoA matches expected norms, the finding is
compared with the calculation from Hofstetter’s formula: 15 – (0.25 * age) (Hofstetter,
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1947), using Donder’s  push-up method (Sterner et al., 2006) to calculate the mean expected
AoA.
Table 8. Expected values for accommodation in dioptres for age
(A Duane,

Age (years)

(Dondors, 1864)

10

14

13.4

15.5

15

12

12.6

14

20

10

11.5

12.5

25

8.5

10.2

11

30

7.0

8.0

9.5

35

5.5

7.3

8.0

40

4.5

5.9

6.5

45

3.5

3.7

5.0

50

2.5

2.0

3.5

55

1.75

1.3

2.0

60

1.0

1.1

0.5

65

0.5

1.1

0.5

70+

0.025

0

0

1912)

(H. Hofstetter, 1947)

Vergence tests
Effective function of the motor system is integral to the functioning of binocular
vision. The motor system can be evaluated with regards to 1) its natural alignment
characteristics (phorias), 2) the degree to which vergence can change given constraints on the
degree of accompanying change in accommodation (vergence facility), 3) the degree to
which vergence can be increased/reduced without change in the clarity or singularity for a
target having fixed demands (negative/positive fusional vergence) 4) its maximal extent of
flexibility (i.e. the amplitude of convergence, more commonly expressed as the near point of
convergence, NPC).
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Heterophoria
The existence of a heterophoria, i.e. a misalignment of the eyes when there is no stimulus to
fusion, imposes the need for the person to compensate for this by drawing upon their fusional
reserves (e.g. using convergence reserves to compensate for exophoria) in order to have
single vision. The relative magnitude of the heterophoria and the fusional reserves is
important to understanding their ability to readily compensate for their heterophoria. Most
commonly, heterophorias are only 1-2 ∆ in size and are easily overcome. However, for some
people large heterophorias do exist and can pose problems. Identifying individuals who have
significant phorias is important in refractive prescribing and binocular vision treatment.
Changes in vergence will impact the accommodative function and possibly require
consideration when prescribing for refractive error.
Heterophoria anomalies  include  ‘basic  esophoria’  and  ‘basic exophoria’. Basic
esophoria/exophoria refers to the condition where significant esophoria/exophoria exists at
both far and near distances. However, most studies have not separated basic exophoria and
basic esophoria into separate categories of binocular vision anomaly. Rather, high esophoria
has been assigned as a subcategory in CE and high exophoria as a subcategory in CI (Garcia
et al., 2002) (see Table 15 on page 85).

Procedure for measuring heterophoria
A test which measures heterophoria levels at distances of 3 m (far) and 33 cm (near)
include the Howell Phoria card (Cyclopean Designs, Melbourne, Australia) (Wong, Fricke, &
Dinardo, 2002), which uses a prism to dissociate the eyes. The Howell Phoria card is oval
with two horizontal black lines, between which there are numbers. At the centre there is a
zero, which has numbers horizontally on both sides, one side of the zero has a blue line and
the other side has yellow. The colours and numbers (odd numbers on one side and even
numbers on the other) are key to this design to encourage quicker conveyance of esophoria or
exophoria.
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Vergence facility
Vergence facility attempts to capture the ability of the motor vergence system to
respond rapidly and accurately to changing vergence demands over time, clinically measured
in cycles per minute. The task requires the patient to alternately fuse target through base-in
and base-out prisms. Gall et al. (1998) investigated norms of vergence facility using finding
norms between 4cpm-8cpm in general (Gall, Wick, & Bedell, 1998b).
Variables involved in vergence facility are initially the combination of lenses used,
with some studies using 4BI-8BO (Hoffman & Rouse, 1980), 8BI-8BO (Scheiman & Wick,
1994), 3 BI-12BO, 6BI-12BO and 12BI-14BO (Rosner & Rosner, 1988), 8BI-12BO, 5BI15BO (J. Griffin, 1982), 4BI-16BO (Scheiman & Wick, 1994) combinations. Gall et al.
(1998b) who assessed a variety of flipper powers showed that as the BI or divergence
inducing proportion of the flippers increased, the mean cpm decreased, indicating the task got
harder (Gall et al., 1998b). Gall et al. (1998b) performed the first systematic study of
vergence  facility  and  found  that  the  prism  of  choice  for  this  test  is  3∆  BI/12∆  BO,  because  of  
its sensitivity and repeatability for separating symptomatic from non-symptomatic adult
subjects. In another study, these same authors (Gall et al., 1998a) found that the vergence
facility is nearly independent of the target. The literature on vergence-facility measurements
in paediatric populations indicated that most researchers use 8 BI/8 BO (Atkinson et al.,
1980; Stueckle & Rouse, 1979) as opposed to 4 BI/16 BO (Buzzelli, 1986; Scheiman,
Gallaway, & Ciner, 1986).

Procedure for measuring vergence facility
The  examiner  flips  the  flippers  (generally  the  3  ∆D  BI/12  ∆D  BO  flippers)  in  front  of  
the  patients  eyes  in  the  spectacle  plane,  instructing  subject  to  say  “now”  each  time  the  blurred  
letters become single, and to do so as rapidly as possible. Each time the  patient  says  “now”,  
the examiner changes the prism pair. After 20 seconds of practice, when the patient is
familiar with the task, the examiner counts the number of cycles in the subsequent 1 minute.
A cycle consisted of reporting a clear and single image for both base in and base out prisms.
This is the cycles per minute. Suppression monitors can also be used in vergence facility
testing (Jimenez et al., 2004).
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Negative & positive fusional vergence
Negative fusional vergence (NFV) ranges are assessed using Base-In (BI) prisms and positive
fusional vergence (PFV) ranges (blur/break and recovery) are assessed using Base-Out (BO)
prisms. Divergence amplitude using BI prisms should be measured before convergence
amplitude using BO prism (Rosenfield, Ciuffreda, Ong, & Super, 1995). Endpoint in testing
is either blur or diplopia, recorded as break. The blur finding indicates that the limit of
fusional vergence has been reached, and accommodation is no longer held on the target
(Scheiman & Wick, 2002a).
When measuring negative fusional reserves at near, the target usually blurs before
diplopia, because when the eyes are forced to diverge, accommodation relaxes to provide the
additional divergence to avoid diplopia. However, when divergence is induced at distance,
relaxed accommodation is already at its minimum, because the patient is emmetropized
during measurements, and the break point is obtained without any change in accommodation
and hence without any blur. When positive fusional reserves (using base out prisms) are
measured, the subject normally notices that the fixation target blurs before fusion breaks and
diplopia becomes manifest. Upon introduction of the base-out prisms, the eyes are forced to
increase their convergence angle.
Antona, Barrio, Barra, Gonzalez and Sanchez (2008) examined maximum horizontal
fusional vergence amplitudes measured in healthy adults using the phoropter rotary prisms
and a prism bar. Rotary prisms are ideal for smoothly modifying the prism demand and
provide fairly repeatable results in young adults (Penisten, Hofstetter, & Goss, 2001).
Measuring vergence ranges in free space using a prism bar more closely resembles habitual
conditions. This method is especially useful for measurements in young children because eye
movements  can  be  seen,  so  that  the  clinician  can  objectively  confirm  the  child’s  replies
(Sheedy & Saladin, 1983).

69

Procedure for measuring fusional vergences:
Negative fusional vergence (NFV) ranges are assessed using Base-In (BI) prisms and
positive fusional vergence (PFV) ranges (blur/break and recovery) are assessed using BaseOut (BO) prisms. Students were instructed to keep the target letters single and clear and to
subjectively report blur and diplopia. This was monitored by the examiner observing the
break in fusion objectively. Divergence amplitude using BI prisms was measured before
convergence amplitude using BO prisms using prism bars for distance and near.

Near point of convergence
The Near Point of Convergence (NPC) is defined as the point of intersection of the
lines of sight when the eyes are maximally converged, expressed in terms of distance from
the eyes (Hayes et al., 1998). Normal values for NPC are generally considered to be between
8 and 10 cm (Griffin, and Grisham, 1995; Hokoda, 1985; Rouse, Borsting, & Hyman, 1997).
The NPC test is extremely important in CI testing, however, as can be observed from
the normative data in Table 10, there are variability in the results. This is largely due to the
assessment technique used as some stress the importance of red glass test and penlight
(Capobianco, 1952; Letourneau et al., 1979), small detailed target (Griffin & Grisham, 1995),
black vertical line on white card (Pickwell & Hampshire, 1981), whereas others have not
specified the target or method (Duke-Elder, 1973; Shippman, Infantino, Cimbol, Cohen, &
Weseley, 1983).
The point from which the NPC is measured from also varies between researchers
from the corneal plane (Provines, 1971) to the bridge of the nose and spectacle plane
(Letourneau et al., 1979), to the center of the forehead between the brows (Rouse, Borsting,
Hyman, & Hussein, 1995). The speed at which the target should approach the patient has
been shown to vary between 1-3 cm per second (Hayes et al., 1998). In terms of the end
point for NPC, two variations exist, either subjectively the patient recognizes diplopia or
objectively the examiner identifies the break in fusion as one eye deviates or a combination
of both may be seen (Matsuo & Ohtsuki, 1992). Clinicians have repeated the NPC test from
once to 5 times (Griffin & Grisham, 1995). A study showed that the NPC in patients with CI
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depreciated from 12 cm to 16 cm from first assessment to the 10th assessment (Scheiman et
al., 2003). However, the main changes were said to occur from the 1st to 5th assessment,
with little change from the 6th to the 10th assessment, indicating that only up to a 5 times
repeat in NPC is acceptable.
When the effect of accommodation upon the NPC is to be assessed then an
accommodative target gives best precision for evaluating NPC (Scheiman et al., 2003). An
added advantage to using an accommodative target is that it has been shown to have less
variability than penlight target when measuring NPC (Ciuffreda, 1974). A penlight target is a
diffuse low spatial frequency target that would minimize a blur response from the
accommodation system reducing any accommodation-driven convergence response through
the AC/A link. An accommodative target, such as 20/30 single column of letters,
theoretically would be preferable so there is the accommodative drive on convergence, as is
seen naturally (Christenson & Winkelstein, 1988).
When comparing the three most popular techniques, accommodative target, penlight
and penlight with red-green glasses, it was found that in subjects with NBV all tests give
approximately the same result, however, when subjects have CI, then along with lower NPC
results, there are different results, with an accommodative target giving 9 cm, penlight target
12 cm and penlight with red-green glasses giving 15 cm NPC results (Scheiman et al., 2003),
indicating an accommodative target drives accommodative convergence therefore having a
stronger or nearer convergence value.

Procedure for measuring near point of convergence:
Near Point of Convergence (NPC) is determined by bringing a single reduced 20/30
Snellen letter target on a fixation stick inwards from a 40-cm distance until the subject
reported diplopia or the examiner observed a loss of binocular fixation. The patient is
encouraged to try to keep the target clear and single. Distance to blur and breakpoint is
calculated  from  the  mid  sagittal  plane  of  the  patient’s  head  to  the  nearest  half  centimeter  for  
binocular assessment. Monocular assessment of amplitude of accommodation is performed
directly in front of one eye. Tests were repeated 3 times and averaged.
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Accommodative Convergence/Accommodation (AC/A) Ratio
Under natural viewing conditions, lens induced accommodation elicits a vergence
response, termed accommodative convergence (AC) (Morgan, 1944; Alpern et al., 1959) and
the disparity driven vergence initiates an accommodative response, termed convergence
accommodation (CA) (Fincham, 1951). The strength of the cross link from accommodation
to convergence is evaluated by inducing changes in the accommodative stimulus and
measuring the convergence response. The slope of the linear fit plotting accommodative
stimulus  (in  D)  and  the  vergence  (in  ΔD)  response  yields  the  stimulus  accommodative  
convergence to accommodation ratio (sAC/A). The stimulus accommodative convergence to
accommodation  ratio  is  reported  to  be  4  ±  2  ΔD  per/D  of  accommodation  in  normal  
individuals (Alpern & Larson, 1960).
Similarly the magnitude of the association from convergence to accommodation is
determined by the convergence accommodation to convergence (CA/C) ratio and is measured
by eliminating the blur cue to accommodation and changing the stimulus to convergence and
measuring the resulting accommodative response. The slope of the linear fit plotting
vergence stimulus and accommodative response gives the stimulus CA/C ratio and if the
actual vergence response and accommodative response are plotted, it gives the response
CA/C ratio (Fincham & Walton, 1957). CA/C ratios are inversely related to AC/A ratios
where an abnormal high AC/A ratio would produce a low CA/C ratio to maintain the stability
of the response (Schor et al., 1992).
Procedure for measuring AC/A ratio:
The accommodative convergence to accommodation ratio (AC/A) can be calculated from
heterophoria measurements using the near Howell Phoria Card at 33 cm determined with the
addition of -2 D, -1 D, 0, +1 D and +2 D lenses. The AC/A can be a single value, where all
lenses are plotted and a mean slope value indicating the AC/A ratio or alternatively the AC/A
ratio can be calculated separately for the plus lenses and minus lenses, leading to two separate
AC/A ratios.
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Binocular vision tests & age
Horizontal and vertical phoria (near and far) (Jimenez et al., 2004; Letourneau &
Giroux, 1991; Scheiman et al., 2002), stereoacuity with constant values of 25 seconds of arc
(Jimenez et al., 2004), fusional vergence (Jimenez et al., 2004; Wesson, 1982) and NPC
(Jimenez et al., 2004; Mellick, 1949; Scobee & Green, 1948) have been shown to have no
significant change with increasing age. However, others found that the NPC tends to
decrease with age (Chen, O'Leary, & Howell, 2000; Hayes et al., 1998). The only vergence
test that has displayed a difference with age was vergence facility, using 8BI/ 8BO prisms,
between 6–8 and 9–12 years after post hoc testing, with mean values and SD of 3.2 ± 1.7 and
4.5 ± 2.3, respectively (Jimenez et al., 2004).
As alluded to in the AoA section, the aging intraocular lens in the eye has long been
known to result in a steady reduction of accommodation ability, reaching almost zero by 50
years of age (Hamasaki, Ong, & Marg, 1956). Reduction of accommodation ability due to
increased age also cause changes in the steady state accommodation response-stimulus curve
(which as been introduced on page 59, Accuracy of Accommodation). There have been
historically two main models attributed to these changes, called the Hess-Gullstrand theory
and the Duane-Fincham theory (explained in detail (Radhakrishnan & Charman, 2007).
Older studies of AC/A ratio previously thought there was an increase (Davis & Jobe,
1957) or decrease (Alpern & Larson, 1960) with age, however, newer studies have agreed
upon  constancy  of  AC/A  ratio’s  with  age  (Ciuffreda, Rosenfield, & Chen, 1997; Jimenez et
al., 2004; Mutti, Jones, Moeschberger, & Zadnik, 2000), with the only difference occurring
due to the method used for measurement, where calculated AC/A being just over twice the
value of gradient AC/A (Jimenez et al., 2004).

Norms chosen for this thesis
Due to variability shown in literature regarding the normative data used for binocular
vision tests, the American Optometric Associations (AOA, 2011) Guideline for
Accommodative and Vergence tests were used (shaded gray in Tables 9 and 10).

73

Table 9. Norms or Expected Values of Accommodative Tests (±SD) (values are in metrics presented in
articles/books)
ACCOMMODATION TESTS
Amp of Accom

NRA

6-16 yrs
Norm = 6-9 cm
Abnormal ≥  10 cm
(Abdi & Rydberg,
2005)

+1.75 to +2.25 D
(Morgan, 1944)

9-18 yrs
Monoc greater than
15-0.25*age
CITT GROUP
(M. Rouse, Borsting,
Mitchell, Cotter, et
al., 2009)

+1.91 ± 0.54
(Jackson & Goss,
1991)

≥  15  D - 0.25(age)
(H. W Hofstetter,
1944)

PRA

AC/A

-1.75 to -3.00 D
(Morgan, 1944)

AF ±2 D flippers

6-12 yrs gradient
method = 2.2 ± 0.8
calculated method = 5.0
± 0.9
(Jimenez et al., 2004)

8-14 yrs
BAF 7.8 cpm,

-2.14 ± 1.38
(Jackson & Goss,
1991)

3.5/1 ± 2
(Bhoola, Bruce, &
Atchison, 1995)

6-30 yrs
BAF 7 cpm with vectographic slide
BAF 9.5 cpm without slides
MAF 12.6 ± 4.6 cpm
(Burge, 1979)

7.9-15.9 yrs
+1.91 ± 0.54
(Jackson & Goss,
1991)

7.9-15.9 yrs
-2.14 ±1.38
(Jackson & Goss,
1991)

Uni students 4.4 ±2.2
(Jorge, de Almeida, &
Parafita, 2008)

18-31 yrs
8.5 ± 3.5
(Iribarren, Fornaciari, & Hung, 2001)

6-10 year olds aa
=14.5 D (Abbott et
al., 1998)

2.0 ± 0.5 D
low ≤  1.5  D
high ≥  2.5  D
(Scheiman &
Wick, 1994)

2.37 ± 1.0
Low ≤  1.25 D
High ≥  3.5  D  
(Scheiman & Wick,
1994)

MAF = 11 ± 5 cpm
BAF= 8 ± 5 cpm
(Scheiman & Wick, 1994)

(Chattopadhyay &
Seal, 1984)

School children
+2.16 ± 0.63
(Betts & Austin,
1941)

School children
-4.84 ± 2.34
(Betts & Austin,
1941)

18-30 yrs
MAF = 11-12 cpm, failure ≤  6 cpm
monoc

Fail =
BAF ≤  3  cpm  MAF  ≤  6  cpm
(Hennessey, Iosue, & Rouse, 1984)

BAF = 7-8 cpm using suppression
check
Fail =  BAF  ≤  3 cpm
(Zellers, Albert TL, Rouse MW,
1984)
12 cpm
(Hoffman & Rouse, 1980)

Push Up
18-1/3 age
SD= 2 D
Morgan

7.7 cpm
(Zellers, 1980)
8±2cpm
(McKenzie et al., 1987)
16 - (0.25*age)
SD ± 2
(AOA, 2011)

+2 ± 1.1
Range +1.75 –
2.25
(AOA, 2011)

-2.25 ± 0.5
Range -1.75 to -2.25
(AOA, 2011)

4/1 ± 2, range 3-5
(AOA, 2011)

Binoc 7.8 cpm,
below  ≤  3  cpm = FAIL
(Hennessey et al., 1984)

Note: BAF = Binocular Accommodative Facility, MAF = Monocular Accommodative Facility, cpm = cycles
per minute, PRA = Positive Relative Accommodation, NRA = Negative Relative Accommodation, AC/A =
Accommodative Convergence to Accommodation ratio, AF = Accommodative Facility.
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Table 10. Norms or Expected Values of Vergence Tests (±SD) (note values are written in the metric terms
used in articles).
VERGENCE TESTS
DPh
2-15 yrs
1.29  ∆  XP  (no  
SD given)
(Chen et al.,
2000)

NPh
3  ∆ XP ± 5
(Morgan,
1944)

NPC

PFV -- Base Out Prism

NFV - Base In Prism

VF

Kindergartners

6-8 yrs

6-8 yrs

6-8yrs

Br= 3.3 ± 2.4 cm
(Hayes et al., 1998)
Br = 10 cm

Near: Br= 18 ∆  ± 8

Near: Br=11 ∆  ± 3

3.2 ± 1.7cpm

Dist: Br= 17 ∆± 7
Rec= 11 ∆  ± 6
(Jimenez et al., 2004)

Dist: Br=6 ∆  ± 2
Rec= 4 ∆ ± 2
(Jimenez et al., 2004)

9-12yrs
4.5 ± 2.3cpm
8 BI/8 BO flippers
(Jimenez et al.,
2004)

Dist:  Br=  11  ∆  ± 7

18-32 years (mean 19.7 ± 2.5)

16-18 yrs

Dist: Br= 8.63 ∆  ± 1.94
Rec= 6.26 ∆  ± 1.82

9.5 cpm at near 8
BI – 20 BO
flippers
(Gall, Wick, &
Bedell, 1998a)

(Duke-Elder, 1973)
Br= 6-10 cm (Capobianco,
1952)
Br= < 6 cm
(Chen et al., 2000)
6-12 yrs

Br= 10 cm

0.4 ∆  XP ±3.1
(Jimenez et
al., 2004)

(Pickwell & Hampshire,
1981)
Br = 5 cm

1  ∆  XP  ±2

Uni students

(Shippman et al., 1983)
Br = 8 cm
Rec =11cm
(Griffin & Grisham, 1995)
Grade 3 students=

(Morgan,
1944)

0.4  ∆  XP  ±5.4
(Jorge et al.,
2008)

Mean age
11.5yrs
0-6  ∆  XP  far  
and less than
4  ∆  XP  from  
near to far
(Marran et al.,
2006)

School
children

6-13yrs 0.78
∆  ± 4.51

Ortho ± 2∆
(Betts &
Austin, 1941)

(Letourneau
& Giroux,
1991)

6-12 yrs

9-18 yr olds

0.6 ∆EP ± 1.7
(Jimenez et al.,
2004)

2  ∆  EP8  ∆  XP  CITT  
Group

6-13 yrs 0.57
∆  EP  ± 2.54

(Rouse,
Borsting,
Mitchell,
Cotter, et al.,
2009)

Rec=7  ∆ ± 2
Near: Br= 19 ∆  ± 9
Re= 14 ∆  ± 7
(Wesson, 1982)

School Children

School Children

18-35 yrs

Dist: Blur= 7 ∆ ± 3
Br= 21 ∆ ± 6
Rec= 7 ∆± 5
Near: Blur=18 ∆± 6
Br= 22 ∆± 6
Rec= 6 ∆ ±7
(Betts & Austin, 1941)

Dist: Br= 7 ∆ ± 3
Rec= 3∆  ± 2

Uni Students,
3 BI – 12 BO
Dist = 13.5 ± 4
cpm
Near = 16 ± 2.6
cpm
(Gall et al., 1998b)

9-18 yr olds, CITT GROUP
Near: Br= >  10  ∆  
Rec=7  ∆  
(Rouse, et al., 2009)

9-18 yr olds, CITT GROUP
Near: Br= 7  ∆  
Rec= 5  ∆  
(Rouse, et al., 2009)

8-11 yrs

General population

General Population

Br= 5.2 ± 4.4 cm
Rec= 11.4 ± 7.2 (Jimenez et
al., 2004)

Dist: Br= 11 ∆ ± 7
Rec= 7 ∆ ± 2
(Scheiman & Wick, 2002a)

Dist = Br= 7 ∆± 3
Rec= 4 ∆ ± 2
(Scheiman & Wick, 2002a)

6-16 yrs

Dist: Blur= 9 ∆ ± 4
Br= 19 ∆ ± 8
Rec= 10 ∆ ± 4
Near: Blur= 17 ∆ ± 5
Br= 21 ∆ ± 6
Rec= 11 ∆ ± 7
(Morgan, 1944)

Dist: Br= 7 ∆ ± 3
Rec= 4 ∆ ± 2
Near: Blur= 13 ∆ ± 4
Br= 21 ∆ ± 4
Rec= 13 ∆ ± 5
(Morgan, 1944)

Br= 4.1 ± 2.4 cm
Grade 6 students=
Br= 4.3 ± 3.4 cm
(Hayes et al., 1998)

6-12yrs
Br= 6.5 ± 5.7 cm
Rec= 14.3 ± 11.2 cm
(Jimenez et al., 2004)

NBV: Br= 5-9 cm
BVA: Br ≥  10cm
(Abdi & Rydberg, 2005)

(Letourneau &
Giroux, 1991)
9-18 yrs (CITT study)
6 cm break
(Rouse, Borsting, Mitchell,
Cotter, et al., 2009)
Uni students
-0.4 ∆  XP ±
2.6
(Jorge et al.,
2008)

3 ∆  XP ± 3
(Wong et al.,
2002)

Near: Blur= 8.75 ∆  ± 3.37
Br= 12.14 ∆  ± 3.35
Rec= 9.78 ∆  ± 3.02
(Antona et al., 2008)

22- 37yrs

Uni students
Dist: Blur= 13.1 ∆ ± 5.7
Br= 23.8 ∆ ± 8.8
Rec= 8.0 ∆ ± 5.4
Near = Blur= 19.7 ∆ ± 8.2
Br= 29.7 ∆ ± 9.0
Rec= 13.7 ∆ ± 7.6
(Jorge et al., 2008)

Near: Blur= 18 ∆± 4
Br= 22 ∆ ± 4
Rec= 12 ∆ ± 6
(Betts & Austin, 1941)

Dist: Br= 7 ∆ ± 3
Rec= 4 ∆ ± 2
Near: Br= 13 ∆ ± 6
Rec= 10 ∆± 5
(Wesson, 1982)

NBV: Br= 2cm/rec 4cm
CI = Br 9cm/rec 12cm
(Scheiman et al., 2003)
7-18yrs

18-32 yrs (mean 19.7 ± 2.5)
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N = 118 university students.
Dist: Br=13 ∆ ± 4.6

Br= 3-7 cm
Rec= 5-10 cm
(Dwyer, 1991)
22-33 yrs
Br= 3.7 ± 2.4
Rec= Not reported
(Griffin & Lee, 1984)
1 ∆  XP SD 2
Range 0-2 XP

3 ∆ X SD 5 X
Range 0-6 X

(AOA, 2011)

(AOA, 2011)

Br= ≤  8  cm
Rec= ≤  10  cm
(Scheiman et al., 2003)

Dist:    Blur=  12.92  ∆  ±  5.22
Br=  23.25  ∆  ±  7.68
Rec=  14.5  ∆  ±  4.17
Near: Blur=17.08 ± 6.45
Br=28.91 ± 9.09
Rec= 19.65 ± 5.98
(Antona et al., 2008)

Rec= 5.2 ∆ ± 2.1
Near: Blur= 15.8 ∆ ± 5.1
Br= 22.9 ± 5.4
Rec= 11.5 ± 4.6

Near: Blur= 17 ∆ ± 5
Br= 21 ∆ ± 6
Rec= 11 ∆ ± 7
Dist: Blur= 9 ∆ ± 4
Br= 19 ∆ ± 8
Rec= 10 ∆ ± 4
(AOA, 2011)

Near: Blur= 13 ∆± 4
Br= 21 ∆± 4
Rec= 13 ∆ ± 5
Dist: Br= 7 ∆ ± 3
Rec= 4 ∆ ± 2
(AOA, 2011)

(Jorge et al., 2008)

Note: EP = esophoria, XP = exophoria, E = esotropia, X = exotropia, HP = hyperphoria, H = hypertropia,
BO = base out prisms, BI = base in prisms. All phoria and tropia measurements are given in prism dioptres (∆). Br = Break, Rec=Recovery
NBV=Normal Binocular Vision, BVA= Binocular Vision Anomaly, Dist= Distance/Far
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Clinically Diagnosing Non-Strabismic Binocular Vision Anomalies
To function effortlessly, the vergence and accommodation systems need to be
working in harmony and within their normal limits. Individuals who have an
underperforming accommodation and/or vergence system generally present with symptoms.
Clinical signs of binocular vision anomalies become apparent upon testing. It is theorized
that due to the symptoms associated with binocular anomalies, these dysfunctions may have a
negative effect on educational performance. Therefore, appropriate evaluation of vision is
extremely important for all students (Porcar & Martinez-Palomera, 1997). In addition, precise
diagnosis is also important as it affects the management plan and treatment protocols.
However, the diagnostic criteria employed to detect the various BVA have been shown in the
literature to vary greatly and will be discussed below (Cacho-Martinez, Garcia-Munoz, &
Ruiz-Cantero, 2010).

The types of accommodation anomalies

There are number of problems that might be encountered when investigating a
patient’s  accommodative system, including accommodative insufficiency, Accommodative
infacility and accommodative fatigue

Accommodative Insufficiency (AI)
Accommodative Insufficiency is the inability to stimulate adequate accommodation.
Most studies define AI as an accommodative anomaly that is characterised fundamentally by
the amplitude of accommodation being consistently below the appropriate age level. The
degree of loss deemed necessary to constitute AI in a young patient is a reduction by more
than 2.00 D (Morgan, 1944) or 2.5 D (Russell & Wick, 1993) below  Duane’s  expected  values  
for age (see Table 8, page 66) while others  use  the  criteria  of  having  2  D  below  Hofstetter’s  
minimum age formula, 15 – (0.25 * age) (Daum, 1983b; Dwyer & Wick, 1995).
However, a number of studies have used an additional clinical sign to amplitude of
accommodation, rather than simply relying on diminished amplitude of accommodation alone
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to diagnose accommodative insufficiency. Diagnostic criteria employed are shown in Table
11. The additional signs have included: high MEM dynamic retinoscopy, failing monocular
and/or binocular accommodative facility, or low positive relative accommodation (Lara,
Cacho, Garcia, & Megias, 2001; Porcar & Martinez-Palomera, 1997). Other studies have
diagnosed accommodative insufficiency using combinations of clinical signs. Scheiman et
al. (1996) specified that it was necessary to have an accommodative amplitude of at least 2 D
less  than  the  minimum  established  by  Hofstetter’s  formula  and  to  exhibit  two  of  the  following  
four  additional  signs:  low  PRA  (≤  1.25 D), failing monocular and binocular accommodative
facility using ± 2.00 D flippers, or a lag of accommodation value of ≥  1.00  D using
monocular estimated method (MEM) dynamic retinoscopy (Scheiman et al., 1996). Lara et al.
(2001) investigated general binocular dysfunction in a clinic population and reported a
number of signs are needed for diagnosing AI, including reduced amplitude of
accommodation (at least 2 D below  minimum  Hofstetter’s  formula  for  age)  and  failing  
monocular accommodative facility with – 2 D lenses  (≤  6  cpm),  with a further two signs
including failing binocular accommodative facility testing with –2 D lenses  (≤  3  cpm),  MEM  
greater than + 0.75 D,  or  PRA  of  ≤  1.25 D (Lara et al., 2001). Porcar and Martinez-Palomera
(1997) required both the presence of symptoms and signs for the diagnosis of AI (Porcar and
Martinez-Palomera, 1997).
Although reduced amplitude of accommodation is the major diagnostic criteria for
diagnosing accommodative insufficiency, the second most mentioned sign includes a receded
PRA. A low PRA (≤  1.50  D) is used as one of two supplementary signs that need to be
present for a diagnosis of accommodative insufficiency (Hokoda, 1985; Porcar & MartinezPalomera, 1997). Others have used a low PRA (≤  1.25  D) for diagnosing both
accommodative insufficiency and convergence excess (Garcia et al., 2000; Lara et al., 2001).
Studies have shown that accommodative dysfunction is a relatively common clinical
problem and that most frequently the problem is either accommodative insufficiency or
accommodative infacility (Daum, 1983a). In addition, as the signs and symptoms for both
accommodative insufficiency and infacility are similar and these two conditions can be
confused.
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Table 11. Diagnostic Criteria Used by Various Groups in Diagnosing Accommodative Insufficiency*
Source

(Scheiman
et al., 1996)

(MontesMico, 2001)

(F. Lara et al.,
2001)

(Sterner et
al., 2006)

(Porcar &
MartinezPalomera,
1997)

(Hokoda,
1985)

Sample
Size
Population
Type/age

265

72

65

119

10-35 yrs
Uni students/
random
selection

university
students (22
yrs ± 3 yrs)

4-35 yrs

Symptom

Blurred near
vision,
discomfort and
strain associated
with near tasks,
fatigue for near
point

10-16 yrs
randomly
chosen
junior level
school
Oral
survey
included,
headache,
asthenopia,
floating
text,
changing
focus

symptoms
associated
with reading

Symptoms with
accommodative
testing

Amplitude of
accommodation
2 D below
Hofstetter’s  
formula
15 - 0.25 x age
in yrs

Special
diagnostic
sign
combos
Amp of
accom low
for age

Accommod
ative
facility

Reduced
AA + At
least 2 of 4
additional
signs
AA > 2 D
from mean
age using
HOF

Failing
monocular
AF with -2
lenses
Failing -2 D
binocularly

(M. W.
Morgan,
1944)

(M. W.
Rouse
et al.,
1999)

(Daum,
1983a)

(Matsu
o&
Ohtsuk
i, 1992)

(Dwyer
& Wick,
1995)

(Abdi et al.,
2008)

AOA
Quick
Reference
Guide
(2001)

Asthenopi
a, blurred
VA,
difficulty
reading,
poor
concentrat
ion,
headache

Need Sign 1&2
below need to be
present, and two
of 3-5
Amp of
accom low
for age

1. Push up acc
amp at least 2 D
below
Hofstetter’s  
formula 15-0.25
(age)

AA at least 2
D below
HOF.

Difficulty
clearing -2.0
D with
monocular  ≤  
6 cpm and
binoc  acc  ≤  3  
cpm facility
using ± 2.00
D

2. Reduced
monocular AF
or fails -2.00 D
or  ≤  6  cpm

Failing
BAF/MAF
with –2.00 D

3. Reduced
binoc AF or fails
-2.00  D  or  ≤  3  
cpm

2D
below
Duane’s  
expected
value

Fails
Hofstett
er‘s  
formula

AA 2 D
below
Hofstetter
minimum
formula:
15 - 0.25
x age

reduced
AA
based
on
Duane’s  
criterion

Binoc AA
2D
below
Hofstetter
minimum
formula:
15 - 0.25
x age

Using RAF
rule, norm
accm = 6-9 cm,
mild AI = 1015 cm, mod AI
= 16-20 cm,
marked AI = 20
cm

Decreased
AA for
age

Failure of
±2 D

Or MAF = ≤  
6 cpm,
BAF  ≤  3  cpm
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Source

(Scheiman
et al., 1996)

(MontesMico, 2001)

(F. Lara et al.,
2001)

Low PRA

PRA  ≤  1.25  
D

Decreased PRA
≤  1.25  D

High MEM

≥  1.00  D

Decreased
PRA  (≤  1.25  
D)
MEM  ≥  0.75  
D

Fused
Cross
Cylinder

Fused cross
cylinder  ≥  1.0  
D

High MEM
finding > +0.75
D

(Sterner et
al., 2006)

(Porcar &
MartinezPalomera,
1997)

(Hokoda,
1985)

PRA
decreased  ≤  
1.25 D
High  MEM,  ≥  
0.75 D

Decreased PRA
≤  1.25  D

(M. W.
Morgan,
1944)

(M. W.
Rouse
et al.,
1999)

Greater
than +1
D lag

Fused cross
cylinder  ≥  1  D

* where given in paper, values are written, otherwise high/low is written
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(Daum,
1983a)

(Matsu
o&
Ohtsuk
i, 1992)

(Dwyer
& Wick,
1995)

(Abdi et al.,
2008)

AOA
Quick
Reference
Guide
(2001)
Decreased
PRA
MEM lag
> +1 D

Accommodative infacility
Accommodative infacility refers to a reduced ability to rapidly change the
accommodation response despite normal amplitude of accommodation for age, and normal
nearpoint of convergence. This situation is unlike that in individuals with accommodative
insufficiency who have amplitudes of accommodation consistently below the appropriate age
level and a high lag of accommodation often with a receded nearpoint of convergence.
Various diagnostic criteria are shown in Table 12. Although aetiology of binocular
anomalies are not clearly understood, individuals suffering from exhaustion, encephalitis,
lack of oxygen, influenza (Russell & Wick, 1993), high stress, pineal tumors, midbrain
disorders, blunt trauma and systemic medications (Russell & Wick, 1993) have been shown
to have accommodative infacility.

81

Table 12. Diagnostic Criteria Used in the Diagnosis of Accommodative Infacility
Diagnosing Accommodative Infacility
Source of
criteria

(Montes-Mico,
2001)

(F. Lara et al., 2001)

(Porcar &
MartinezPalomera,
1997)

(Hokoda, 1985)

Sample Size

265

65

119

Population
Type/age

Uni students/random
selection

Uni
students

22.9 ± 9.0yrs

Symptom

Symptoms associated
with reading or other
near tasks. Common
complaints are
asthenopia and
intermittent blurred
vision for near tasks.
Difficulty focusing
from one distance to
the another. Sensitivity
to light.

Associated
with
reading

Blur/asthenopic
symptoms with
habitual near tasks
similar to
symptoms
generated by
accomdv testing

Intermittent
blur at
distance
following
nearwork or
blur at near
after
prolonged
distance
viewing

Special
diagnostic sign
combos

Need Sign 1&2

Difficulty
clearing ± 2
D flippers
Monocular
≤ 6 cpm,
binoc  ≤ 3
cpm

Decreased,  AF  ≤
15 cpm using ±2 D
clearing 20/20 at
40 cm

Failure of ± 2
D monoc and
binoc

Accom facility

Difficulty clearing
+2 D & +2.0 D with
monocular and
binocular acc facility
with  monocular  ≤ 6
cpm and binocular
≤ 3 cpm accom
facility ± 2.0 D

Amplitude of
accommodation

Normal amplitude of
accommodation

1. Fails  binoc  ≤ 3 cpm
& monoc  ≤ 6 cpm AF
using ± 2 D,

AOA Quick
Ref Guide
(2001)

Normal

Accommodative
lag

Increased lag,
binocular cross
cylinder add >1.25
D; MEM ret lag
≥0.75 D

PRA

Decreased  PRA  ≤
1.25 D

Decreased  PRA  ≤ 1.25
D

NRA

Decreased  NRA  ≤
1.50 D

Decreased  NRA  ≤ 1.50
D

normal

Note: PRA = Positive Relative Accommodation, NRA = Negative Relative Accommodation, MEM =
Monocular Estimate Method, AF = Accommodative Facility
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Abnormal
Abnormal

Accommodative inertia
Accommodative inertia describes a delay in exerting or relaxing accommodation. Affected
individuals are often in the early stages of presbyopia when it is well known that the issue is
the responsiveness of the crystalline lens itself rather than the functioning of the ciliary body
(Swegmark, 1969). For other accommodative anomalies, see Table 13.

Table 13. Diagnostic Criteria Used in the Diagnosis of other Accommodative Anomalies
Diagnosing Other Accommodative Anomalies
Accommodative
Fatigue

Accommodative
Paralysis

Accommodative
Spasm

Accommodative
Fatigue

(Montes-Mico,
2001)

AOA Quick Ref
Guide

AOA Quick Ref
Guide

AOA Quick Ref
Guide

Amplitude of
accommodation

Amplitude of
accommodation
normal initially but
decreasing with
continued testing

Decreased
amplitude of
accommodation

PRA

Normal or low PRA

Accommodative
lag

Lag of
accommodation
normal initially,
becoming high with
prolonged nearwork

Other

Decreased PRA
MEM lead

Fixed dilated
pupil
Blurred Vision
Possible
Micropsia

Blurred VA after
prolonged
nearwork and
asthenopia
Failure of ± 2 D
test
Note: PRA = Positive Relative Accommodation, VA = Visual Acuity, MEM = Monocular Estimate Method.
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Impaired
distance Vision

Accommodative excess
Accommodative excess refers to the tendency to focus closer in than the target (i.e.: book,
handheld devices) itself, i.e. the individual will focus as if the target is closer than it really is.
Accommodative excess patients often report transient blur in the distance when looking up
after doing near tasks such as reading. Table 14 shows the various diagnostic criteria used to
investigate accommodative excess.
Table 14. Diagnosing Accommodative Excess
Source

(Montes-Mico,
2001)

(F. Lara et al., 2001)

n
Population
Type/age
Symptom

265
Uni students/random selection

Special diagnostic
sign combos
VA

Need Sign 1-3 below need to be present,
and two of 4-6
1. Variable VA

Retinoscopy/
subjective
refraction
Accommodative
facility

2. Variable ret or subj ref

MEM
NRA
Other signs:

Symptoms associated with reading or
other near tasks. Common complaints
are blurred distance vision which is
worse after reading, headache and
eyestrain after short period of reading.
Difficulty focusing from far to near.
Sensitivity to light

Difficulty
clearing +2 D
with monocular
≤ 6 cpm and
binocular  ≤ 3
cpm accom
facility ± 2.0 D
Lead of
accomm MEM
≤ 0.25 D

(Porcar & MartinezPalomera, 1997)
65
Uni students
Associated with reading

Variable VA

3. Difficulty clearing +2 D with
monocular  AF  ≤ 6 cpm
4. binoc  AF  ≤ 3 cpm

Difficulty clearing +2 D
with  monocular  (≤ 6) and
binoc  (≤ 3) AF

5. Low MEM < +0.25 D

Low  MEM  ≤ 0.25 D

6. Reduced  NRA  ≤ 1.5
Fused cross
cylinder  ≤ 0.00
D
Sometimes
high exophoria

Low fused cross cylinder
Possibly low degree of
against the rule cylinder

Normal
amplitude of
accommodation
Note: NRA = Negative Relative Accommodation, MEM = Monocular Estimate Method, AF = Accommodative
Facility, VA = Visual Acuity
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Types of vergence anomalies

Similar to the accommodative system, the convergence system may also be defective,
either independent of accommodation, or alongside an accommodative dysfunction. There
are several types of vergence anomalies, including esophorias/exophorias (Table 15),
convergence excess, convergence spasm and convergence insufficiency (CI).

Table 15. Diagnosing Basic Exophoria and Esophoria
(Montes-Mico,
(F. Lara et al., 2001)
2001)
Diagnosing Basic Exophoria

(Porcar & MartinezPalomera, 1997)

(Optometric Clinical
Practice Guideline, 2010)

-

Symptom: Asthenopia & intermit
blur with dist and near tasks.
Symp worse end day

Symptoms with near
and dist tasks

Exophoria at near
and distance

Must have: Exophoria of approx
equal magnitude at near and dist
(within  5∆)

Exophoria of approx
equal magnitude at near
and dis

Reduced PFV at
near & distance

Must have: Reduced PFV blur,
Diplopia & recovery
Near:  ≤ 11/14/13
Dist:  ≤ 4/8/5

Reduced PFV at near
and dist

Normal AC/A
ratio

Two of either:
Normal AC/A ratio,
Low MEM < +0.25 D
Reduced  NRA  ≤ 1.50 D
Fails binoc acc facility with +2.00
D  ≤ 3 cpm

Normal AC/A of 4/1 ±
2

Normal AC/A

Equal Esophoria
at near and
distance

Symp with dist and
near tasks

Equal Esophoria at near
and distance

Normal AC/A
ratio

Equal eso at dist and
near

Normal AC/A ratio

Reduced NFV at
near & distance

Normal AC/A 4/1 ± 2

Exophoria of approx equal
magnitude at near and
distance

Diagnosing Basic Esophoria

Reduced NFV at dist
and near
Note: AC/A = Accommodative Convergence to Accommodation ratio, NFV = Negative Fusional Vergence,
PFV = Positive Fusional Vergence, MEM = Monocular Estimate Method, NRA = Negative Relative
Accommodation.
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Convergence insufficiency
The most common vergence dysfunction is convergence insufficiency (Dwyer,
1992b). The diagnosis of CI is most often, but not universally, made on the basis of the
severity of the symptoms and the remoteness of the near point of convergence (NPC) using a
push up technique (M. Rouse et al., 1997). Rouse et al. (1997) found that NPC was used in
making the diagnosis of convergence insufficiency by 93.8% of optometrists surveyed (n =
453) and often diagnosis was made solely on the basis of NPC. However, CI is most often
described as a syndrome that includes the following signs: exophoria that is greater at near
than at distance, receded NPC, decreased or absent fusional convergence, especially at near,
in the presence of normal prism divergence (M. Rouse et al., 1997) (Table 15). CI can also
be found in patients with orthophoria, or even esophoria, at near, although this is less
common (J. Griffin, and Grisham, JD., 1995). The associated visual symptoms include
mostly headaches (Daum, 1984), intermittent uncrossed diplopia, blurred vision, eyestrain,
tired eyes, sleepiness and loss of concentration.
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Table 16. Diagnosing Convergence Insufficiency
(Montes-Mico,
2001)

(P. Adler, 2002)

(F. Lara et al.,
2001)

(Letourneau et
al., 1979)

(Porcar &
MartinezPalomera, 1997)
65
Uni students

n
Population
Type/age

92
Review of
clinical records
aged 5-35 yrs
mean 10.18
±12.28

265
Uni
students/random
selection

Symptom

Both With or
without
symptoms

Symptom
associated w
reading or other
near tasks,
asthenopia,
headache,
intermittent blur
Sign 1-3 below
need to be
present, and two
of 4-7
1.Exophoria at
near > 6 ∆

Associated with
reading

4. Low AC/A
ratio < 3/1
3. Receded NPC
>10 cm break,
17.5 cm rec

Low AC/A ratio
< 3/1
Reduced NPC (no
value

Special diagnostic
sign combos
Near Phoria

High exophoria at
near

Distance Phoria
AC/A

Normal phoria at
distance
Low AC/A ratio

NPC

Receded NPC

PFV (fusional
convergence)
near

Reduced PFV at
near

Acc facility
Low MEM
Low NRA

Exophoria greater
at near than dist

10 cm or greater

2. Reduced PFV
NEAR ≤  11/14/3

(Abdi et al.,
2008)

(Marran et al.,
2006)
299
11.5,
School students

(E. J. Borsting et
al., 2003)

(Optometric
Clinical Practice
Guideline, 2010)

47 with CI
9-18 yrs
Optometric
teaching clinics

CISS

BCVA ≥  20/25,
wears appropriate
correction
Mod-high
exophoria at near
>6∆

Receded NPC
>10 cm

Reduced PFV at
near (no value
specified)

5. Fails facility
with +2 D, ≤  
3cpm
6. Low MEM <
+0.25 D
7. Low NRA ≤  
1.50 D

Exophoria ≥  4  ∆  
greater than at far

Distance
exophoria < near
exophoria
Low AC/A ratio

Using RAF rule,
10-14c =mild CI
15-19cm=mod CI
20cm or
more=marked CI

CI
NPC ≥  8  cm

Receded at ≥  6  
cm

Receded NPC

Failed  Sheard’s  
criterion or
minimum PFV of
15  ∆BO  break

Receded PFV

least 500 sec of
arc stereoacuity

Note: AC/A = Accommodative Convergence to Accommodation ratio, NPC = Near Point of Convergence, PFV = Positive Fusional Vergence, MEM = Monocular Estimate
Method, RAF rule = Royal Air Force rule, BO = Base Out, BCVA = Best Corrected Visual Acuity, CI = Convergence Insufficiency.
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Convergence excess
Convergence excess is generally known to have a normal phoria at far but a large
esophoria at near, i.e. they converge excessively when they accommodate (high AC/A
ratio) (Table 17).
Table 17. Diagnosing Convergence Excess
(MontesMico,
2001)

(F. Lara et al., 2001)

(Porcar &
MartinezPalomera, 1997)

n
Population
Type/age

265
Uni students/random
selection

65
University
students 22yrs±3

Symptom

Symptoms associated
with reading or other
near tasks and generally
worse at the end of the
day. Most common
headache and asthenopia,
intermittent blur

Symptoms
associated with
reading

Special
diagnostic sign
combinations
Phoria

Need Sign 1&2 below
need to be present, and
two of 3-6
1.near  esophoria  >2∆

Esophoria
at near
&Normal
phoria at
distance

Esophoria at near
>2∆

NFV

Reduced
NFV at
near

2. reduced NFV at near,
≤  8/16/7 (at least one of
blur/break/rec)

Reduced NFV at
near (value nor
specified)

AC/A

High
AC/A ratio

High calculated AC/A
ratio> 7/1

High AC/A ratio
above 7/1

Accommodative
Facility

Fails binocular
accommodative facility
with -2.0 D,  ≤  3cpm

PRA

Low  PRA  ≤  1.25  D

MEM

High MEM >+0.75 D

(Optometric
Clinical
Practice
Guideline, 2010)

Dist
esophoria<near
esophoria

High AC/A ratio

Note: NFV = Negative Fusional Vergence, AC/A = Accommodative Convergence to Accommodation
ratio, PRA = Positive Relative Accommodation, MEM = Monocular Estimate Method.
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Divergence insufficiency
Patients with divergence insufficiency (DI) have greater eso deviations at distance
(that can be a phoria, intermittent esotropia or constant esotropia, with a range varying
between 8  to  30∆) compared to near and decreased negative fusional vergence (NFV)
(Moore, Harbison, & Stockbridge, 1971). In addition, a reduced AC/A ratio and poor
negative fusional vergence for distance may be present (Moore et al., 1971). The
most frequent symptom associated with divergence insufficiency is intermittent
diplopia during distance viewing (Table 18).

Table 18. Diagnosing Divergence Insufficiency and Divergence Excess
(Montes-Mico, 2001)

(Scheiman et al., 1986)

(Optometric Clinical Practice
Guideline, 2010)

Diagnosing Divergence Insufficiency
Normal phoria at near
Esophoria at distance
Low AC/A ratio
Reduced NFV at
distance

Esophoria distance>esophoria near
Eso deviation at distance greater
than near deviation
Low AC/A

High tonic esophoria
Low AC/A ratio

Reduced NFV at distance

Diagnosing Divergence Excess
Normal phoria at near
High exophoria at
distance
High AC/A ratio
Reduced PFV at
distance
Note: AC/A = Accommodative Convergence to Accommodation ratio, NFV = Negative Fusional
Vergence, PFV = Positive Fusional Vergence

.
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Signs used in binocular vision diagnosis

It can be observed from the tables above that while some authors accept one
failed binocular vision test to be sufficient to diagnose a BVA, others use various
combinations. This is one of the main reasons why comparisons between studies are
difficult, resulting in large variability in binocular vision prevalence data (see Table 3
on page 22 of the Literature Review). However, it is clear from the literature that the
greater the number of signs used to diagnose a disorder, the lower the observed
frequency of the anomaly and higher the level of symptoms experience by the patient
(B. Junghans et al., 2002; Marran et al., 2006).

Conclusion for binocular vision tests & diagnosis

It has been clearly demonstrated that the sets of diagnostic criteria used to
detect the presence of the different binocular vision anomalies are variable. Notably,
some diagnostic criteria incorporate symptoms while others do not. Clinically,
presence of symptoms is particularly important for management. Those with
symptoms will be more motivated to undertake treatment or be monitored if deemed
necessary. Individuals or parents of children who have no symptoms and mild BVAs
may be educated of the visual status with no treatment or less aggressive treatment
(see General Discussion, page 181) indicated. The underlying motivation for the
foundation of this thesis is to raise public awareness of visual conditions that may
hinder educational performance in children, firstly by investigating how common
these visual problems may be and whether they lead to symptoms. Identifying the
presence and nature of an anomaly is the first step towards treatment.
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Chapter 4: Study 1

Refractive Errors in students from Middle Eastern backgrounds living and
undertaking schooling in Australia
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Abstract
Background: Environmental factors associated with schooling systems in
various countries have been implicated in the rising prevalence of myopia, making
comparison of prevalence of refractive errors in migrant populations of interest. This
study aims to determine the prevalence of refractive errors in children of Middle
Eastern descent, raised and living in urban Australia but actively maintaining strong
ties to their ethnic culture and compare with those in the Middle East where myopia
prevalence is generally low.
Methods: A total of 354 out of a possible 384 late primary/early secondary
schoolchildren attending a private school attracting children of Middle Eastern
background in Melbourne were assessed for refractive error and visual acuity. A Shin
Nippon open-field NVision-K5001 autorefractor was used to carry out noncycloplegic autorefraction while viewing a distant target. For statistical analyses
students were divided into 3 age groups: 10-11 years (n = 93), 12-13 years (n = 158)
and 14-15 years (n = 102).
Results: All children were bilingual and classified as of Middle Eastern
(96.3%) or Egyptian (3.7%) origin. Ages ranged from 10-15 years, with a mean of
13.17 ± 0.8 (SEM) years. Mean spherical equivalent refraction (SER) for the right
eye was +0.09 ± 0.07 D (SEM) with a range from -7.77 D to +5.85 D. The prevalence
of  myopia,  defined  as  SER  ≤  -0.50 D, was 14.7%. The prevalence of hyperopia,
defined  as  SER  ≥  +0.75  D,  was  16.4%  while  hyperopia ≥  +1.50  D  was  5.4%.    A  
significant difference in SER was seen as a function of age, however, no significant
gender difference was seen.
Conclusions: This is the first study to report the prevalence of refractive
errors for second-generation Australian schoolchildren coming from a predominantly
Lebanese Middle Eastern Arabic background who endeavour to maintain their ethnic
ties. The relatively low prevalence of myopia is similar to that found for other
metropolitan Australian school children, but higher than that reported in the Middle
East. These results suggest that lifestyle and educational practices may be a
significant influence in progression of myopic refractive errors.
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Introduction
Dramatic increases in the prevalence of myopia over the last few decades
suggest that refractive errors in humans are sensitive to environmental pressures
across a wide range of physical situations, communities and lifestyles (Lin, Shih,
Hsiao, & Chen, 2004; K. A. Rose, Morgan, Smith, & Mitchell, 2002; Saw, 2003; Seet
et al., 2001). The influence of community lifestyle and educational level is supported
by studies showing significantly higher incidences of myopia in urban compared to
rural communities for peoples of the same race (Dandona et al., 1999; Dandona et al.,
2002; Fotouhi, Hashemi, Khabazkhoob, & Mohammad, 2007; Garner, Owens,
Kinnear, & Frith, 1999; Saw, Hong, et al., 2001; Yap, Wu, Wang, Lee, & Liu, 1994;
Zhang et al., 2000; Zhao et al., 2000). A higher prevalence of myopia is also
associated with higher levels of education (Sperduto, Seigel, Roberts, & Rowland,
1983; Teasdale et al., 1988; Teasdale & Goldschmidt, 1988; Q. Wang et al., 1994;
Wensor et al., 1999) suggesting that the prolonged nearwork and the associated
accommodative demand experienced in school may play an important role (Saw,
Chua, et al., 2002). However, a direct role for near vision and accommodation is not
supported by animal studies (McBrien, Moghaddam, & Reeder, 1993; Schmid &
Wildsoet, 1996), nor is there evidence that reducing accommodative demand in
humans by the use of reading additions minimizes the progression of myopia except
in a limited number of cases of concurrent esophoria (Edwards, Li, Lam, Lew, & Yu,
2002; T. Grosvenor & Goss, 1988; Gwiazda et al., 2003; Shih et al., 2001).
Moreover, research into the relationship between refractive error and the number of
hours of nearwork undertaken has met with controversy, some reporting a positive
association (Saw, Chua, et al., 2002; Tan et al., 2000; Wedner et al., 2002) while
others report a protective effect with increasing hours of outdoor activity overriding
the effect due to the number of near hours per week (Ip, Rose, Morgan, Burlutsky, &
Mitchell, 2008; L. A. Jones et al., 2007; Khader, Batayha, Abdul-Aziz, & Al-ShiekhKhalil, 2006; K. A. Rose et al., 2008). Elsewhere, it has been suggested that the
prevalence of myopia relates to the nature of the educational material and its
difficulty, rather than the hours of close work per se (Fledelius, 2000; B. Kinge,
Midelfart, Jacobsen, & Rystad, 2000; Lin, Shih, Lee, Hung, & Hou, 1996). Junghans
and Crewther (B. M. Junghans & Crewther, 2003, 2005) suggested that the
prevalence of refractive errors in a population is more related to the general lifestyle,
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which, for young adolescents is strongly related to stressors, including psychological
stressors associated with the education system and the environment and expectancies
created by their families and peer groups who presumably have similar aims, values
and aspirations.
One way of investigating the influence of lifestyle upon the prevalence of
refractive errors is to examine the changing patterns of refractive errors in migrant
populations (Cheng, Schmid, & Woo, 2007; Ip et al., 2007; Ip, Huynh, et al., 2008;
Kleinstein et al., 2003; C. S. Lam et al., 2004; Logan, Davies, Mallen, & Gilmartin,
2005). The refractive errors of Asian immigrants have received the most attention,
whereas those from the Middle East have received little attention. Currently, reliable
data available on the prevalence of refractive errors for children living in the Middle
East in Oman and Iran indicates an extremely low prevalence of myopia ranging from
approximately 3.5 to 5.2% for students 12 years of age, while other data from nearby
regions that is less reliable also indicate low prevalences by world standards (Fotouhi
et al., 2007; Hashemi, Fotouhi, & Mohammad, 2004; Jamali, Fotouhi, Hashemi,
Younesian, & Jafari, 2009; Khandekar & Abdu-Helmi, 2004; Lithander, 1999).
However, the prevalence of refractive error in migrating ethnic communities may be
influenced by retention of ethnic identity and culture after resettlement, and the
intensity and length of education in the country of residence versus that of the country
from which they have derived.
To investigate whether educational style and school-associated lifestyle are
potential factors in the development of refractive errors (B. M. Junghans & Crewther,
2003, 2005), this study examined the prevalence of refractive error within a
homogenous sample of second generation Australian students of predominantly
Middle Eastern background and culture, whose schooling is aimed at enhancing their
ethnic culture. We hypothesised that if general lifestyle (B. M. Junghans & Crewther,
2005) rather than simply ethnicity or hours per day of outdoor play (Ip, Rose, et al.,
2008; L. A. Jones et al., 2007; Khader et al., 2006; K. A. Rose et al., 2008) is a more
important variable in the development of refractive errors, this group who had grown
up in Australia, although ethnically unlikely to show myopia, would have a similar
prevalence of refractive errors as we have previously reported in students of
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Caucasian extraction who have the same educational lifestyle and adequate outdoor
experience as is mandated by the state education system.

Methods
Participants

All children in grades 6 to 9 were recruited from a Victorian-based private
school offering Kindergarten to Year 12 schooling in Melbourne, Australia. The
school conducts the mandated K-12 curriculum for the state of Victoria, but also
seeks to attract students of Middle Eastern descent by teaching Arabic. Permission to
send parents letters inviting participation of all students in grades 6 to 9 was obtained
from the school, and only students with signed consent forms were assessed.
Participation was free to all students and took place during normal school hours. All
procedures were approved by the Human Ethics Committee of La Trobe University,
Melbourne, Australia, which conforms with the Declaration of Helsinki of 1975 (as
revised in Tokyo in 2004).
Of the 384 students invited to participate in the study, parental and participant
consent was obtained from 354 students (92.2% participation) with absence from
school accounting for the majority of the remainder. This sample included 163 males
(46%, mean age 13.27 ± 0.11 SEM years) and 191 females (54%, mean age 13.08 ±
0.11 SEM years). Students were predominantly second generation Australians, with
some third generation. All were bilingual, with Arabic being the predominant
language spoken at home and the second language taught at school. Students
identified their backgrounds as: Lebanese (85.3%), Saudi Arabian (5.9%), Palestinian
(2.3%), Iraqi (1.7%), Syrian (1.1%) or Egyptian (3.7%). The ethnic backgrounds
reported were classified by The Australian Standard Classification of Culture and
Ethnic Groups (www.abs.gov.au) as Middle Eastern except Egyptian ethnicity, which
is grouped as North African.
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Visual acuity

Visual acuity was measured at 3 m and 40 cm, both monocularly and
binocularly, using the distance and near internally illuminated  ‘ETDRS’  (Early  
Treatment Diabetic Retinopathy Study) LogMAR chart (Precision Vision, USA).
Where appropriate, students wore their habitual refractive correction. Acuity was
measured to facilitate referral for further care if necessary (see below for criteria).

Refraction procedure

Non-cycloplegic refraction using an open-field Shin-Nippon NVision-K 5001
(Japan) autorefractor was employed. Cycloplegia was not undertaken as the
refractive assessments were part of a wider vision screening and the benefit of being
able to immediately resume school studies was deemed essential. The technique has
been reported to have acceptable accuracy and repeatability when compared with
cycloplegic retinoscopy and subjective refraction (Davies et al., 2003; McCaghrey &
Matthews, 1993; McKendrick & Brennan, 1995). The absence of internal fixation
targets in the Shin-Nippon avoids any extraneous stimuli for proximally induced
accommodation.
Refraction measurements were taken while participants binocularly viewed a
distant fixation target, a tree approximately 100 m beyond a football field (i.e. a total
of 180 m) seen through the window of the autorefractor and a full wall-height window
at the end of the room. Theoretically such a large distant target allows
accommodation to relax, but also helps the examiner  as  the  student’s  eyes  are  held  
steady to take measurements. Ten readings of sphere, cylinder power and axis were
taken in rapid succession and the means converted to SER (sphere power plus half
negative cylinder power) for analysis. Readings were simultaneously downloaded to
a computer running a custom-designed Labview program (Labview, National
Instruments, Austin, TX). The accuracy and vertex distance settings of the instrument
were set to 0.12 D and 12 mm respectively.
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Referral criteria

Students were advised to see their optometrist or vision specialist if they
exhibited any of the following: (i) corrected visual acuity in either eye of only 6/7.5 or
worse, (ii) a difference in acuity of 2 lines or more between right and left eyes, (iii)
hyperopia of greater than 1.50 DS, (iv) myopia greater than 0.75 DS, (v) astigmatism
greater than 0.75 DC, or, (vi) anisometropia greater than 1.00 DS.

Statistical analysis

Data analysis was performed using the Statistical Package for Social Sciences
(SPSS) Windows software. An Analysis of Variance (ANOVA) was used to assess
significance differences across refractive and age groups. Prior studies have shown
that refractive error changes with age (Dandona et al., 1999; Ip et al., 2007; B. M.
Junghans & Crewther, 2003, 2005; Lin et al., 2004; Saw, 2003; Seet et al., 2001).
Considering the children as one age group may smear such developmental effects.
Therefore the data was analysed in 3 age groups; 10-11 years, 12-13 years and 14-15
years which also satisfies the statistical need for use of categorical data in ANOVA.
Refractions were classified as myopic if the SER was equal to or below -0.50 DS and
hyperopic if equal to or above +0.75 DS, with emmetropia in between. The relative
proportion of students with low hyperopia between +0.75 and +1.50 D was calculated
for descriptive purposes only. As SER readings for the right and left eyes were highly
correlated (r = .92, p < .0001), right eye results alone are presented. The refractive
data for one student was removed from all analyses as her SER at -16.00 DS in both
eyes was exceptionally higher than the rest. Analyses have been repeated in some
instances without these students to demonstrate that amblyopic children are likely to
be differentially ametropic with the fixating eye being  more  myopic  than  the  ‘lazy  
eye’  (which  has  failed  to  emmetropise),  so  not  meeting  the  assumption  that  the  
refraction of the 2 eyes are well correlated.(Ingram, Lambert, & Gill, 2009) For all
statistical comparisons alpha was set at 0.05. Measures are presented as the mean ±
SEM. All confidence intervals (CI) are 95%.
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Results
Of the 353 students included in the analysis, 93 were 10-11 year-olds, 158
were 12-13 year-olds, and 102 were 14-15 year-olds. In addition, 2% (n = 7) of
students were identified as amblyopic, 1.13% (n = 4) to have strabismus, and 0.85%
(n = 3) to be amblyopic with strabismus.

Prevalence of refractive errors

The mean SER for all students across all ages was +0.09 ± 0.07 D with range 7.77 to +5.85 D (see distribution in Figure 4). For the 339 non-amblyopic and/or nonstrabismic students the mean SER was 0.05 ± 0.07 D and the range -7.77 to +3.54 D.
An independent samples t-test showed a non significant difference in SER between all
males (+0.71 D,.CI -0.05 to 0.39 D) and females (-0.024 D CI -0.24 to 0.16 D), t(337)
= 1.51, p =.13), although there was a trend for females to show a slightly more
negative SER. Overall, the majority of students were emmetropic (n = 243, 68.8%).
The proportion of students across all ages who were myopic was 14.7% (n = 52),
while 11.0% (n = 39) were mildly hyperopic and 5.4% (n = 19) were significantly
hyperopic  (≥ +1.50 D). Of the 339 students without amblyopia and/or strabismus
14.9% (n = 50) were myopic, while 10.7% (n = 36) were mildly hyperopic and 4.8%
(n = 16)  were  significantly  hyperopic  (≥ +1.50 D).
The distribution for right eye astigmatic refractive error for all 353 participants
is shown in Figure 5. Mean cylinder power was -0.45 ± 0.05 DC (range 0.00 to -3.12
DC). Approximately 11% of students had no astigmatism. Of those with
astigmatism,  41.8%  demonstrated  ‘with  the  rule’  (axes  between  zero  and  30  degrees  
or  150  to  180  degrees)  and  35.1%  ‘against  the  rule’  (axes  between  60  degrees  and  120  
degrees). The remaining 23.1% had oblique axes (between 30 to 60 or 120 to 150
degrees).
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Figure 4. The distribution of spherical equivalent refraction in the students (n = 339)

Figure 5. The distribution of astigmatic refraction in the students (n = 339)
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Age as a factor affecting refractive error
Changes in refractive error with age (see Table 19) were also analysed. As
illustrated in Figure 6, the degree of myopia was greater for children in the 14-15 year
old group. A 3(refractive groups) x 3(age groups) ANOVA further confirmed that the
interaction between refractive groups and age group was significant (F(4,344) =11.55,
p < 0.001). Follow-up simple effects analyses using the Tukey method showed that
the degree of myopia in the 14-15 year old group was significantly higher than both
10-11 and 12-13 year old children (also illustrated by the non-overlapping 95%
confidence interval bars in Figure 6). The degree of hyperopia did not significantly
differ between age groups.
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Table 19. Prevalence of refractive error by age group

Age
(yrs)
1011
1213
1415
All
ages

Myopia

Emmetropia

Hyperopia

≥	
  -0.50
Male

-0.49 to +0.74

≥	
  +0.75 to +1.50

Female

Male

Female

Hyperopia

Male

≥	
  +1.50
Female

Male

Female

Mal
e

Femal
e

All

Mean
SER

N

% of
total

Mean
SER

N

% of
total

Mean
SER

N

% of
total

Mean
SER

N

% of
total

Mean
SER

N

% of
total

Mean
SER

N

% of
total

Mean
SER

N

% of
total

Mean
SER

N

% of
total

37

56

93

-1.18

6

1.7

-1.66

10

2.8

0.26

28

7.9

0.27

41

11.6

1.00

2

0.6

1.07

2

0.60

3.5

1

0.6

1.96

3

0.8

75

83

158

-2.10

9

2.5

-2.01

11

3.1

0.23

48

13.6

0.24

54

15.3

0.96

7

2.0

0.98

17

4.8

2.87

11

3.1

2.38

1

0.3

2

0.6

2.40

1

0.3

14

4.2

2.14

5

1.4

51

51

102

-2.57

9

2.5

-4.35

7

2.0

0.28

33

9.3

0.25

39

11.0

0.99

7

2.0

1.12

4

1.1

2.37
5

163

190

353

-2.05

24

6.8

-2.47

28

7.9

0.25

109

30.9

0.25

134

38.0

0.98

16

4.6

0.98

23

6.5

2.84
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Figure 6. Mean spherical equivalent refractions by age group for students in the three refractive
categories of myopia, emmetropia and hyperopia. Note that as would be expected, the mean
spherical equivalent of the emmetropes in each of the three age groups does not change
significantly due to the limitations on the range of refractive errors as imposed by the definition
of  ‘emmetropia’.    Bars  represent  95%  CI.
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Table 20. The prevalence of myopia in students of Middle Eastern and North African descent.

Location
Oman
(Khandekar &
Abdu-Helmi,
2004)

All regions

Age of
children

Sample
size

6-17 yrs

416,157

Note, only
primary
schooling is
compulsory

Criteria that
determined myopia,
prevalence(s)*
Myopia > 0.75 D (data only
sourced if vision poorer
than 6/6):

Use of
cycloplegia
Non-cycloplegic
retinoscopy

0.4% for 6-7 yr olds
8.8% for 16-17 yr olds
Distinct regional variations

Oman
(Lithander, 1999)

Urban and
rural

6-12 yrs

6,292

Myopia ≥	
  1.00	
  D:
0.56% for 6 year olds

Cycloplegic
retinoscopy

5.16% for 12 year olds
Tehran, Iran
(Hashemi et al.,
2004)

Urban

Dezful, Iran
(Fotouhi et al.,
2007)

Urban and
rural

5-15 yrs

809

Myopia ≥	
  0.50	
  D:
7.2%

7-15 yrs

3,429

Myopia ≥	
  0.50	
  D (data
sourced only if vision
poorer than 6/12):

(971 for
14-15 yr
olds)

2.5% for 7 year olds

Cycloplegic
refraction

Cycloplegic
autorefraction

3.5% for 12 year olds
5% for 14-15 year olds

Shahrood, Iran
(Jamali et al.,
2009)

Urban and
rural

6 yrs

Amman, Jordan
(Khader et al.,
2006)

8 regions

12-17 yrs

Cairo, Egypt
(El-Bayoumy,
Saad, &
Choudhury,
2007)

Urban

Sydney,
Australia
(Ip, Huynh, et al.,
2008)

Urban

Melbourne,
Australia
(current study)

Urban

815

Myopia ≥	
  -0.50 D
1.7%

1,777

Myopia degree not
reported.

Cycloplegic
retinoscopy and
subjective
Not described

17.6% (data sourced from
medical records after selfdisclosure of myopia)
7-15 yrs

5,839

Myopia degree not
reported.

Not described

12.31% (data sourced from
spectacle lenses if vision
poorer than 6/12)
6 and 12 years

167

Myopia ≥	
  0.50 D
6.1%

10-15 years

339

Myopia ≥	
  0.50	
  D
14.9%
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Cycloplegic closedfield
autorefraction

Non-cycloplegic
open-field
autorefraction

Discussion
This  study  has  shown  that  69%  of  ‘late  primary  to  middle  school’  students  
aged 10-15 years born and raised in Melbourne, Australia with parents or
grandparents predominantly from Lebanon, a Middle Eastern country, are
emmetropic. The prevalence of myopia (SER ≤  -0.50 DS) was found to be 14.9%
which is similar to that previously reported for other Australian students of similar
age but predominantly Caucasian background living in Sydney (Ip, Huynh, et al.,
2008; B. M. Junghans & Crewther, 2005). As no data exists regarding the prevalence
of refractive error for children in Lebanon itself, it is not possible to compare the
current data directly with the homeland data of the majority in our sample. However,
studies elsewhere in the Middle East have shown relatively low numbers of children
with myopia and marked variation in prevalence between urban and rural areas
particularly when efforts have been made to control accommodation during
measurements (see Table 20) (El-Bayoumy et al., 2007; Fotouhi et al., 2007; Hashemi
et al., 2003, 2004; Jamali et al., 2009; Khader et al., 2006; Khandekar & Abdu-Helmi,
2004; Lithander, 1999). Comparisons are confounded by the fact that some studies in
the Middle East and Egypt either did not disclose the degree of myopia (El-Bayoumy
et al., 2007; Khader et al., 2006) or used less liberal criteria to define myopia (Cheng
et al., 2007; Hashemi et al., 2004). Of small effect is the inclusion, or not, of students
with exactly 0.50 D myopia in the definition of myopia (B. M. Junghans & Crewther,
2005). Despite these issues, the findings suggest that the prevalence found in the
current study is considerably higher than that for students living in the Middle East
(Fotouhi et al., 2007; Khader et al., 2006; Khandekar & Abdu-Helmi, 2004;
Lithander, 1999).
Further insight into the role that different environments play in refractive
development comes from a number of investigations that have focused on particular
ethnic groups considered to have a genetic predisposition to myopia, but having
migrated to regions with different educational opportunities and lifestyles. For
example, differences in myopia prevalence have been observed in ethnic Asians who
have migrated to neighbouring Asian countries (Saw et al., 2006). Further, students
of South East Asian background aged 5-17 years and living in the US were found to
have a prevalence of myopia of only 18.5%, which is closer to that of age-matched
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Caucasians examined at the same time, and much lower than if they had lived in the
country of origin (Kleinstein et al., 2003). However, in Canada a study found that
first generation ethnic Chinese children had a prevalence of myopia comparable to
that in their homeland (Cheng et al., 2007). Similar to the US experience, a recent
large Australian study of 2,353 randomly selected 12-14 year olds from a range of
schools across Sydney found that East Asian students were more likely to be myopic
than Caucasian students at both age 6 and 12 years, but by age 12 the East Asians
were some 20% less likely to be myopic (only 39.5%) (Ip, Huynh, et al., 2008a) than
their counterparts living in Asia (50%) (He et al., 2004; Ip et al., 2007; Lin et al.,
2004; Matsumura & Hirai, 1999). In that same Sydney-based study, the 167 students
of Middle Eastern descent were found to have a similar prevalence of myopia (6.1%)
compared to that of students of Caucasian background (4.6%) (Ip et al., 2007).
The role of the educational environment on refractive error prevalence in
different migrant ethnic groups has also been investigated. In the United Kingdom,
South Asian university students educated exclusively under the UK educational
system were compared with predominantly Caucasian students and it was found that
only approximately 50% of these young adults were myopic, notably, without
significant difference between ethnicities (Logan et al., 2005). In Hong Kong,
Chinese students attending either the local middle school or an international school
were found to have a similar prevalence of myopia, yet Caucasian students at the
same international school had half the prevalence of myopia of their Chinese peers,
but a significantly higher prevalence than American or Australian Caucasian students
of similar ages living in their home countries (C. S. Lam et al., 2004).
Singapore is a well-documented example where the prevalence of myopia has
increased significantly across all ethnic groups in the last three decades (Quek et al.,
2004; Seet et al., 2001) and  is  proportional  to  the  rise  in  the  population’s  average  
education level (H. M. Wu et al., 2001). School-engendered stress from high parental
expectations for academic achievement and pressures from the physical environment
limiting outdoor activity are also reported in Singapore, where 90% live in high-rise
buildings (Department of Statistics, 1995). Various authors have suggested that the
schooling system in these Asian countries is driven by a strong need for academic
achievement and this may be a factor in myopia prevalence (Edwards, 1999;
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Goldschmidt, Lam, & Opper, 2001; C. S. Lam et al., 1994; Lin et al., 1988; Saw et
al., 2007; H. M. Wu et al., 2001). The current study specifically targeted a
comparatively homogeneous migrant sample drawn from a single school that ensured
cultural acceptance and cultural enhancement for those of Middle Eastern ethnicity,
yet complied with the state-wide curricular and educational demands in place across
all Victorian schools.
The findings from the current study support the notion that the environmental
influences of the basic Australian lifestyle and the common educational programs
mandated by the state education systems may contribute more to the similar
prevalence of refractive errors in all Australian students (B. M. Junghans & Crewther,
2005) than that expected by ethnic origin or predisposition. However, it should be
acknowledged that parental background might also be a contributing factor.
Unfortunately, no information was gathered with respect to the refractive errors, nor
education levels of the parents. The Australian Bureau of Statistics data (Australian
Bureau of Statistics, 1995) does indicate however, that parental education levels for
those of Lebanese origin are unlikely to be high. The 1991 standardised Census of
Population and Housing found that 10% of Australian-born persons with a Lebaneseborn father had a bachelor or higher degree compared to only 3% of the Lebanese
born (Australian Bureau of Statistics, 1995), indicating that second generation
Australians were better educated than the overseas born generations. As our student
sample was at least second generation Australians and 85.3% were of Lebanese
extraction, it is possible that many parents in the current study would have emigrated
to escape the civil war between 1975 and 1990, at which time Australia did not have
an immigration policy that required superior educational qualifications. Hence, the
parents of these students are unlikely to have had access to prolonged schooling or a
university education, and are therefore significantly less likely to be myopic.
While myopia has been the focus of most adolescent epidemiological studies
in vision, from an educational point of view uncorrected hyperopia is a greater risk
factor for impaired learning (Rosner & Rosner, 1997). It has been suggested that
prolonged nearwork is likely to be visually more stressful and avoided due to the
greater accommodative demands and reflexly-induced stress on the vergence system
(Birnbaum, 1985). Indeed, on this basis, school-age acquired myopia might be
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considered as physiologically and evolutionarily adaptive. In the current study the
prevalence  of  moderate  to  high  hyperopia  (i.e.  ≥ +1.50 DS) was 5.4% of all 354
students and similar to the 6.1% and 6.2% found in our earlier Sydney predominantly
Caucasian-based non-cycloplegic studies (B. M. Junghans & Crewther, 2003, 2005).
Importantly,  using  a  more  stringent  criterion  for  moderate  to  high  hyperopia  of  ≥
+2.00 DS, our Melbourne prevalence of 3.9% is strikingly similar to the 3.5% found
in Sydney by Ip et al. (Ip, Huynh, et al., 2008) using cycloplegia. By comparison, in
Dezful, Iran (Fotouhi et al., 2007),  a  greater  proportion  of  hyperopic  (≥ +2.00 DS)
students were identified, with 16.6% of primary and middle school children hyperopic
under cycloplegia. Other comparisons of hyperopia prevalence in the Middle East are
confounded by protocols biased against detecting hyperopia (that is, classification of
the presence of refractive error made on the basis of findings of poor visual acuity
during a screening (e.g. Hashemi et al. (El-Bayoumy et al., 2007; Hashemi et al.,
2004; Khandekar & Abdu-Helmi, 2004)).
A strength of the current study is that the sample was drawn from only one
private school, which has the same accredited curriculum as all schools in Victoria,
and which in turn is similar to the curricula elsewhere in Australia. Therefore, the
school environment was a relative constant for all children included in this study
although the sample size is comparatively small for a prevalence study. The outcome
of the previous cyclopegic study in Sydney gives credence to the current noncycloplegic data as it yielded similar results (Ip, Huynh, et al., 2008). This may be
because cycloplegic measurements can be significantly affected by iris pigmentation
and the time needed to achieve full cycloplegia (J. V. Lovasik, 1986), plus the fact
that the response to cycloplegia is not consistently in the hyperopic direction (i.e.
myopic shifts have been found (Fan, Rao, Ng, Yu, & Lam, 2004; Fotedar et al., 2007;
Ludlum, Weinberg, Twarowski, & Ludlum, 1972; Young et al., 1971)), or, that well
controlled non-cycloplegic refractions control accommodation as well as topical
cycloplegia. Due to time constraints, school screenings are particularly affected by
the individual variability in depth of cycloplegia, especially with children of Arabic
decent who generally have very dark irides, resulting in poor control of reflex
proximally-induced accommodation when using a closed-box autorefractor that only
simulates distance viewing. Yet, the evidence suggests non-cycloplegic open-field
autorefraction is a valid, reliable, viable alternative (Davies et al., 2003; McCaghrey
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& Matthews, 1993; McKendrick & Brennan, 1995). For example, a study found that
Malaysian children aged 7-12 years exhibited a clinically insignificant myopic shift
not only between cycloplegic binocular subjective refraction and open-field
autorefraction (SER difference -0.07 D), but also between non-cycloplegic binocular
subjective refraction and open-field autorefraction (SER difference -0.17 D) (Choong
et al., 2006). Another study, also comparing non-cycloplegic subjective refraction to
open-field autorefraction using a similar but earlier autorefractor on a predominantly
young adult population with a wider range of refractions, found autorefraction to be
slightly more positive (0.16 ± 0.44 D, p < 0.001) (Mallen, Wolffsohn, Gilmartin, &
Tsujimura, 2001). While the possibility remains that a small number of refractions in
the present study were affected by active accommodation leaving some hyperopia or
pseudomyopia undetected, the use of a non-cycloplegic method of refraction has
resulted in a high participation rate by students (92.2% compared with 75-78%
participation rate in the Sydney Myopia Study) (Ip, Rose, et al., 2008).
In summary, it appears that the prevalence of refractive error will gravitate
towards values generally observed in the host country. In addition, these data support
the hypothesis that lifestyle (which in young adolescents must include the style and
pressures of their education system) is likely to be more important than ethnic
background in determining refraction in persons from an ethnic group documented to
be without a genetic predisposition to myopia. These data provide a valuable
resource as a basis from which to widen our understanding of refractive error
distribution in non-Asian ethnic groups living in an urban Western society. Australia
is a multicultural society with rapidly growing numbers of migrants, including from
the Middle East. Research into their refractive error prevalence will be of importance
when planning healthcare delivery and understanding the influence of school lifestyle
and educational pressures upon the development of refractive error.
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Chapter 5: Study 2

Refractive error prevalence among primary school children from two
socioeconomic extremes in metropolitan Istanbul.
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Abstract
Purpose: Myopia prevalence is usually considered a function of age, genetic
predisposition and environmental influences. This study compares the refractive
distribution between two ethnically similar groups of Turkish children in Istanbul
from socioeconomic extremes.
Methods: Vision screenings (habitual distance VA, non-cycloplegic autorefraction,
cover test, most recent eye assessment) were conducted on 823 of a potential 1014
primary school age children aged 4-10 years (81% participation) from a government
and a nearby private school.
Results: Habitual  VA  ≥ 6/7.5 in non-amblyopes was found in 7.6% of private school
but  17.5%  of  government  school  children.    Of  all  children,  3.2%  showed  ≥ 2 lines
difference in VA between eyes suggesting amblyopia, with ~3 times greater
frequency in the government school. For the 797 non-amblyopes the prevalence of
myopia  ≥ -1.00D spherical equivalent was 9.4% (private school 10.5%, mean age 7.2
± 2.1 years, and government school 6.5%, mean 8.1 ± 1.7 years) while the prevalence
of  hyperopia  ≥+1.00D  was  6.1%  (private  school  6.9%,  mean  6.3 ± 2.2 years and
government school 4.2%, mean age 7.6±1.8 years). Parents indicated that 21.8% of
private school and 64.9% of government school children had never had a vision
assessment. Approximately 9.6% of private school and 19.8 % of government school
children required follow-up eye care.
Conclusion: Although myopia prevalence is higher in private school children, they
have significantly better habitual VA and less amblyopia than ethnically similar peers
from lower socioeconomic backgrounds attending government schools. The major
differences likely to account for the different pattern of visual problems derive from
the lifestyle differences that financial advantages allow.
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Introduction
In a previous study we demonstrated a refractive distribution similar to the
known Australian norms for children of Middle Eastern background but residing and
being educated in Australia (Azizoglu et al., 2011). Such results implicate
educational style, especially years of schooling and associated nearwork (see
review(Pan et al., 2012)), as an environmental influence in the development of
myopia (B. Junghans et al., 2002; B. M. Junghans & Crewther, 2003). Other research
implicates factors such as time outdoors (K. A. Rose et al., 2008; K. Rose et al.,
2003), birthweight (Pai et al., 2011), higher paternal occupational social class (Rahi,
Cumberland, & Peckham, 2011), and higher level of education (Xu, Wang, & Jonas,
2010) as influences on the induction and progress of myopia, suggesting that
pressures for achievement may affect refractive distribution. Some of these factors
can also be viewed as a reflection of socioeconomic class membership, though this
variable has seldom been the focus of an epidemiological study.
Thus this study was designed to examine two school populations in the same
physical locality of Istanbul (Turkey’s  largest  city) with ethnically similar
backgrounds but with different socioeconomic clientele, although, exactly what this
means in terms of opportunity, lifestyle and experience is unknown and debatable.
Currently, prevalence data covering refractive errors, amblyopia or other vision
anomalies are not available for children from metropolitan Istanbul, although, several
studies of children from generally lower socioeconomic groups in more rural areas of
Eastern Turkey are available and indicate a low prevalence of myopia (Caca et al.,
2013; Polat & Akyol, 2003). Thus the principal aim of the current project was to
conduct an epidemiological study to establish the prevalence of myopia and other
refractive conditions in two school populations from the same suburb of metropolitan
Istanbul that included a diverse range of socioeconomic conditions. This is manifest
in  parents’  choice  of school. What this means to the children is that those attending
private schools usually have greater access to good nutrition, less cramped housing,
better health care, access to books and more intense schooling with the requirement of
access to laptops at school. Furthermore, from kindergarten on, children at a private
school have far more hours of outdoor organised sport per week than their less
financially advantaged peers. By comparison, children attending Government schools
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have no organised sport program before Year 3, and have far less access to personal
computers. Thus the second aim was to evaluate the environmental effects of
socioeconomic status upon refractive distributions in two primary schools at either
end of the socioeconomic spectrum, but located in the same area and presumably
exposed to similar hours of sunlight each day.
On the basis of an extensive literature on the association between degree of
education and refractive development, we hypothesized that children of the same age
from government schools would have a lower prevalence of myopia than children
from private schools.

Methods
Population characteristics
Approval  for  the  study  was  obtained  from  Istanbul  Surgical  Hospital’s  Human  
Research Ethics Committee, the Turkish Department of Education and the Turkish
Ministry of Health. The study adhered to the tenets of the Declaration of Helsinki.
Written informed consent was obtained from at least one parent and verbal assent of
all children was obtained before examination.
In order to select two schools at the socio-economic extremes for this study,
government and private schools in the  municipality  of  Beşiktaş  in Istanbul were
contacted and general parent profiles compared in terms of socio-economic status
(SES) via a scheduled but informal interview with the school principles to explain the
project objectives and procedures. One school deemed to be in the lowest SES group
(i.e. in the lowest 5% of household income averages for Istanbul) was selected. This
school was government-run, catering for grades Kindergarten to 5 (ages 4 to 10).
Another school in the top SES (i.e. in the top 5% of household income averages for
Istanbul) was selected. This school was privately-run, catering for grades Preschool
to 5 (nominally ages 3 to 10). Although, as the study was conducted close to the end
of the school year, the youngest children at the private school were almost 4 years old
and had completed almost a year of education, whereas the youngest children from
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the government school were almost 5 years old and completing only their first year of
schooling. Government schools in Turkey do not cater for preschoolers. All the
children attending the two schools were invited to participate in the vision testing
during school hours. Approximately 81% participated (81.1% of the government
school and 81.3% of the private school).
Parents were also asked to complete a questionnaire attached to the consent
form ascertaining the time of their child’s  last  vision  assessment  using a Likert scale
where 1 = never, 2 = over 2 years ago, 3 = between 1 and 2 years ago, 4 = within the
last year. In addition there was space provided for parents to indicate concerns or
comments. Each parent from the government school completed this section
concerning last eye examination, however 2.5% of parents at the private school failed
to supply this information.
Vision screenings were performed by trained personnel (including a pediatric
ophthalmologist (FS), an orthoptist (SA) and an ophthalmic nurse) using the same
protocol at both schools between February 2010 and June 2010. Cycloplegia was not
used at the request of the school Principals.

Visual acuity and ocular alignment
The examination process began with habitual visual acuity, with or without
spectacles as appropriate, using a computerised EDTRS LogMAR Chart (Nidek SC2000 chart, NIDEK Co., LTD). Visual acuity testing was discontinued when the child
read more than half the line incorrectly or once 6/6 was reached. Cover test (alternate
and cross cover) was then performed and students with strabismus were noted. This
section was performed by the Orthoptist (Serap Azizoglu).

Refraction procedure
Autorefraction was performed using the Nidek ARK-530A (NIDEK Co.,
LTD) autorefractor/keratometer with automatic fogging activated. This procedure has
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been reported to be reliably similar to subjective refraction in subjects of similar age,
even when cycloplegics are not used (Gibson, 2008). Ten readings were taken and
averaged. The Nidek autorefractor is a closed-screen autorefractor and where the 10
auto-refraction readings were inconsistent, retinoscopy with fogging was also
undertaken. Autorefraction measurements of sphere and cylinder were converted into
spherical equivalent refraction (SER), where SER = Sphere + (Cylinder/2).

Referral criteria
Students were advised to seek ophthalmic care if they exhibited any of the
following: habitual visual acuity in either eye less than 6/6 or a difference in acuity of
two lines or more between eyes, hyperopia greater than +1.00 D SER, myopia greater
than -1.00 SER, astigmatism greater than 0.75 DC or anisometropia greater than 1.00
DS.

Data analysis
Children with suspected amblyopia (3.2%, two of whom also had strabismus)
were not included in the refractive status statistical analyses given the expected
difference in refraction between the amblyopic and fixating eyes.(G. Nastri, G.C.
Perugini, S. Savastano, A. Polzella, & G. Sbordone, 1984)
To account for the possibility of instrument myopia whilst using the Nidek
‘closed  box’  style  of  autorefractor,  a more conservative cut-off  of  ≤  -1.00 D SER was
used  to  define  the  presence  of  myopia  instead  of  the  ≤  -0.50 D that is customarily
used.    On  similar  grounds,  a  value  of  ≥  +1.00  D  spherical  equivalent  was  chosen  to  
define hyperopia. Any value between +1.00 D and -1.00 D SER was classified as
emmetropia to eliminate any potential prevalence. Right and left eye SER were
highly correlated (r = .80, p < .001), therefore all statistical analyses were performed
only on right eye data.
Descriptive statistical analysis was carried out using SPSS (v20). Means and
standard error of the mean (SEM) are presented. Two 2(school: private and
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government) x 3(refractive group: myopia, emmetropia and hyperopia) ANOVAs
were carried out to compare refractive groups for differences in age and type of
school (note that as expected, refractive error was skewed for the myopia and
hyperopia groups, but not the emmetropia group, thus non-parametric statistics were
used to confirm all significant outcomes). In addition, as visual acuity was very
highly skewed for all groups, the differences in refractive error between schools were
compared using the non-parametric Mann-Whitney U test.

Results
Eight hundred and twenty three students out of a potential total of 1014
students in the two schools (81.2%) participated, with almost identical participation at
both the government and private school (81.1% and 81.3% respectively). Of those
screened, 595 came from the private school (50.0% male) and 228 from the
government school (51.3% male). The mean age for the total population was 6.72 ±
2.15 years, range 4 to 10 years (6.62 ± 2.11 years for males and 6.83 ± 2.19 for
females). At the government school the mean age was 7.76 ± 1.89 years and at the
private school it was only 6.33 ± 2.11 years (due to a higher proportion of children at
the private school being in the Preschool (7.3%) or Kindergarten grade (28.6%) of the
main school than in the government school (12.3% in Kindergarten grade)). A twoway ANOVA for age showed a significant main effect for school, F(1,791) = 13.94, p
< .001.
Of all children, 1.5% had strabismus and there were another 3.2% with
amblyopia (of whom two children were also strabismic).

Presenting distance visual acuity
Of all 823 children, 86.9% were able to read the entire 6/6 line of letters,
95.77% were able to read at least all of the 6/7.5 line of letters and 99.03% were able
to read at least all of the 6/12 line of letters. Overall, at the private school 7.6%
presented with visual acuity equal to or poorer than 6/7.5, whereas at the government
school the proportion was 17.5%. If the criterion of simply poorer than 6/7.5 is used,
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the proportions are 2.69% and 8.33% respectively. Figure 7 portrays the mean right
eye acuity levels in all children split by refractive category and by school. This
demonstrates that, in general, distance visual acuity is slightly poorer in government
school children, particularly within the hyperopic group. Despite the conservative
cut-off applied during visual acuity testing (i.e. not exploring whether there was an
ability to resolve better detail than 6/6), visual acuity between schools differed
significantly for all refractive groups: myopia (N = 75, z = -3.45, p = .001),
emmetropia (N = 673, z = -2.53, p = .01), and hyperopia (N = 49, z = -2.47, p = .01).
Although statistically different, it is not surprising in light of the conservative cut-off
that the observed difference between emmetropes at the two schools (i.e. visual acuity
differences of < 3 letters) is not clinically significant. One reason why hyperopes at
the government school had a poorer mean visual acuity was that there were three
hyperopic amblyopes with significant reduction in right eye acuity at the government
school compared with only one at the private school.

Smallest Snellen letter size seen

14
12
10
8
Private School
Government School

6
4
2
0
Myopia

Emmetropia

Hyperopia

Figure 7. Mean distance acuity (±SEM) for all 823 students according to refractive category and
type of school, expressed as smallest Snellen letter size for which at least 50% of the letters could be
resolved.
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Refractive error
For all non-amblyopes screened (n = 797, 96.8% of screened children), the
mean SER was -0.039 ± 0.8 (see Figure 8), with 9.41% (n = 75) categorised as
myopic with a mean SER of -1.42 ± 0.58 D, 84.4% (n = 673) as emmetropic with a
mean SER of 0.073 ± 0.019 D and 6.14% (n = 49) hyperopic with a mean SER of
+1.50 ± 0.081. A minimal difference between males and females was found.
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Figure 8. Histogram showing right eye spherical equivalent refraction for 797 non-amblyopic
students.

Previous research has established that the prevalence of myopia increases with age
and is more often than not higher in girls than boys around puberty (TP Grosvenor,
1996). Hence, to identify whether school status has an effect on refractive error, a 2way ANCOVA (2 school types, 3 refractive groups) was performed with age as a
covariate. This analysis revealed a significant main effect for refractive group even
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when the effect of age was accounted for, F(2,788) = 417.69, p < .001. A significant
interaction between school type and refractive group, F(2,788) = 4.54, p < .01 was
also obtained. Figure 9 shows the mean age for each refractive group for each school.
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Figure 9. Mean age (±SEM) according to refractive group and type of school for 823 students.

Consideration of refractive status amongst the two socioeconomic extremes as
represented by these two schools indicated that 10.5% from the private school were
myopic, 82.5% were emmetropic and 6.86% were hyperopic whereas only 6.54% of
the students from the government school demonstrated myopic refractions, 89.3%
emmetropic refractions and 4.21% hyperopic. At the private school, the mean SER
for males (50.2% of children) was 0.014 ± 0.80 D and for females was -0.05 ± 0.83 D.
At the government school, the SER for males (50.0% of children) was -0.07 ± 0.62 D
and females was -0.09 ± 1.00 D. The proportion of children with emmetropia did not
significantly differ between private and government schools. Children in the
government school with either myopia or hyperopia had refractive errors of greater
magnitude than children in the private school (see Figure 10).
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Figure 10. Right eye spherical equivalent refraction (±SEM) for 797 non-amblyopes by refractive
group and type of school

Suspected amblyopia
Of the total 823 students screened, 26 students (3.16%) showed signs of
amblyopia, i.e. at least two lines of difference in visual acuity between the two eyes,
and two were strabismic. In 17 of these 26 children, acuity was decreased in the right
eye. The mean age of the amblyopes was 6.64 ± 0.43 years (range 4 to 10 years).
There were 2.01% (n = 12) of private school children who were amblyopic and 6.14%
(n = 14) at the government school. The mean distance visual acuity of all eyes with
potential amblyopia, irrespective of whether the amblyopia was through the right or
left eye, was 6/16.92 ± 3.18 (range 6/9 to 6/60) whereas for their non-amblyopic eyes
acuity was 6/6.56 ± 0.17 (range 6/6 to 6/9). The mean SER of all amblyopic eyes was
0.045 ± 0.25 D (range -2.50 to +3.13 D) and fellow non-amblyopic eyes -0.22 ± 0.26
D (range to -1.75 to +1.13 D).
Last vision assessment
Two-thirds of the children screened had been given an eye examination at a
time ranging from in excess of two years ago to within the last year (see Figure 11).
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The other third had never presented for visual assessment. The majority of these
children who had not presented (64.8%) came from the government school.
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years ago
years ago
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Last Vision Assessment

Figure 11. The percentage of 823 children who have had an eye examination within the indicated
time frames

Spectacle wear
Of the total population, only 64 students (i.e. 7.8%) were wearing spectacles at
the time of the screening. Of these, 51 (8.57%) came from the private school and 13
(5.70%) from the government school. The autorefractor refractive classification of
these 64 children  was  as  follows:  31  myopic    ≤ -0.50 D, 6 with low hyperopia
between +1.00D to +1.99 D,  and  9  with  moderate  to  high  hyperopia  ≥ +2.00 D.
Children wearing spectacles achieved 6/6 acuity in 82.4% of cases for the private
school and in 76.9% for the government school. Of the 16 spectacle wearers with
lower than expected acuity, 70% were myopes and could reasonably be expected to
have shown progression with their myopia since correction.
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Referral criteria
One hundred and two children (12.4% of all children assessed) required
referral either because (i) they had never owned spectacles and habitual acuity was
inadequate or the autorefractor indicated significant refractive error, or, (ii) their
current spectacles did not provide an expected 6/6 visual acuity. At the private school
only 9.6% of students were deemed in need of further assessment whereas at the
government school 19.8% of students were so deemed.

Discussion

This is one of the few reports designed to evaluate the refractive distribution
of school children aged 4 to 10 years coming from the same ethnic group, located in a
similar metropolitan locality, and undertaking a similar school curriculum, but
coming from the extremes of socioeconomic status. Certainly this is the first report
from within metropolitan Istanbul showing that children from a private school
(highest SES) have a higher prevalence of myopia than their lower SES peers in a
government school across the road. Furthermore, at the private school there were
significantly less children with suspected amblyopia. By comparison, a smaller
percentage of the older children at the government school (lowest SES) had myopic
refractions but a larger percentage were amblyopic, fewer children had ever attended
an eye examination, and a far greater percentage (one in five) required clinical referral
for further management, including optical correction. These findings are likely to be
associated with many factors stemming from the financial freedom to address health
issues and to access a schooling system that begins earlier and possibly demands more
nearwork and time indoors doing homework, and playing hand held electronic
devices for both schooling and leisure. Higher income has long been associated with
increased myopia prevalence in teenagers in the US by Angle and Wissman (1980)
and in Finland by Krause et al. (1982) (Angle & Wissman, 1980; Krause et al., 1982).
These results are consistent with our hypothesis regarding the relative prevalence of
refractive errors and the notion that the development of vision in primary school
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children is closely influenced by all types of environments, including socioeconomic
effects of differences in schooling.
In recent decades it has been well established that the distribution of refractive
errors among school children is affected by both environmental factors and genetics,
however, teasing the two apart is difficult. The only other epidemiological studies in
Turkey that investigated refractive distribution in school children were carried out in
more rural areas of eastern Turkey (Caca et al., 2013; Polat & Akyol, 2003). Polat
and Akyol (Polat & Akyol, 2003) screened 218 children aged 7 to 9 years from two
government primary schools in Elazığ  in rural Eastern Turkey and found 3.2% to be
myopic while 8.7% were hyperopic. While Caca et al. (Caca et al., 2013) investigated
the prevalence of refractive errors and other eye pathologies at two government
primary schools (n = 510) in Diyarbakir, another rural centre in the East of Turkey,
and found that the prevalence of myopia was also 3.2%, hyperopia was 5.9% and
astigmatism 0.50 D or greater was present in 14.3%. The prevalence figures are much
lower than that seen in either of the schools in urban Istanbul in the current study.
This  difference  in  prevalence  is  likely  to  reflect  the  more  rural  environment  of  Elaziğ  
and Diyarbakir where farming is common and government school attendance is
generally less with only half-day attendance required. With reference to whether
parents had sought eye care for their children previously, Polat and Akyol (2003)
noted that only 21.1% of the students in their study had had a previous eye
examination compared with the finding here of 35.2% for government school
children. Yet another study in rural Van showed an even lower proportion of 8% of
participants who had undergone a vision assessment prior to the time of the survey
(Sahin, Sucakli, & Ozdemir, 2003).
There is limited data with which to compare the prevalence of myopia in
children in Turkey with that in neighbouring countries. West of Turkey, are Bulgaria,
Greece, Romania, Macedonia, Kosova, Albania. The respective prevalences of
myopia are 14.1% and 13.0% in primary and secondary schools in Bulgaria, and in
Greece is 28.9% and 46.9% (Plainis et al., 2009). On the other hand, in a group of 711 year olds in Bihor Romania, a rural centre, myopia prevalence was an extremely
low 1.4% (Coroi, 2002). Countries bordering Turkey to the east include Syria, Iraq,
Iran, and Armenia, while to the north there is Russia. In children aged 5-15 years in
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urban Iran, the prevalence of myopia was found to be 7.2% (Hashemi et al., 2003).
Similarly, 5.1% of 6-17 year olds in Russia were found to be myopic
(Mamatkhuzhaeva, 2002). These figures are consistent with Istanbul’s  geographic  
location as a bridge between Asia and Europe.
What is apparent from all these figures is that the shift in society towards
higher education standards, more urban white-collar work and less outdoor
employment, means that the prevalence of myopia is increasing worldwide. Our data
is consistent with these recent trends showing a higher prevalence of myopia in urban
versus rural towns. Regardless of country, the undeniable trend is that children
growing up in an urban environments develop myopia at a younger age and at a faster
pace resulting eventually in a higher percentage of myopia in ethnically similar
children, therefore challenging the argument of a large effect due to genetics. This
remains a highly controversial area (see reviews(I. Morgan & Rose, 2005;
Wojciechowski, 2011; Wojciechowski & Hysi, 2013), especially with the increasing
prevalence of myopia in ethnic groups with every passing decade (M. M. Wu &
Edwards, 1999)). Studies examining the change in prevalence with immigration to a
country of higher prevalence resulting in ethnic-related increase in prevalence
(Azizoglu et al., 2011; Kleinstein et al., 2003; H. M. Wu et al., 2001) or conversely,
immigration to a country of lower prevalence resulting in ethnic-related decrease in
prevalence (Kleinstein et al., 2003) also argue strongly to an important role for
environmental factors.
In the current study, the children from the two schools have very similar
ethnic backgrounds and locales even though they come from the SES extremes. Most
live in apartment blocks in inner Istanbul. Both schools undertake the same
educational curriculum set by the Education Department of the Turkish Government.
The major difference is that parents from the private school pay high fees
necessitating a higher socioeconomic level and in many cases a higher educational
background (12% of those over the age of 15 years have tertiary education according
to an OECD Report (OECD, 2010) and therefore a greater likelihood of myopia
themselves compared to parents of children attending low-income government
schools. Together with known hereditary influences in the development of myopia
and the fact that increased socioeconomic status and increased literacy rates have also
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been shown previously contributing to an increased prevalence of myopia (Uzma,
Kumar, Khaja Mohinuddin Salar, Zafar, & Reddy, 2009), the higher prevalence of
myopia in the private school children was to be expected. Unfortunately the
refractive status of parents was not collected for the current study.
The prevalence of amblyopia found in this study (6.1%) was 3 times greater in
the government school than in the private school in Istanbul and is also high
compared to the figures of 1.6 to 3.6% published elsewhere (Hillis, Flynn, &
Hawkins, 1983; K. Simons, 1996). The low figures for those from higher
socioeconomic circumstances in the current study may simply be due to the higher
incomes facilitating earlier and effective treatment. On the other hand, the Elazig
study (Polat & Akyol, 2003) found 2.3% of rural school children aged 7-9 years and
the Diyarbakir study (Caca et al., 2013) found 2.6% of rural school children aged 6-14
years to be amblyopic suggesting that the contradictory figures for the Government
school in the current study might be unnaturally high. The cause of this is unknown
and requires further investigation.
The inability to collect any refractive data on 19% of non-participants at each
school may impose a bias on results. It could be argued that those who did not
participate had already been identified as having a refractive error, and thus the
prevalence findings on the other children may represent an overall underestimate,
rather than a relative participation bias between the schools. A further limitation
comes from the decision not to carry out a cycloplegic refraction. In designing the
study, we were aware that non-cycloplegic refraction is less accurate for the younger
age groups of this study when using a closed-field autorefractor and that this may
result in a slight myopic shift due to instrument-accommodation. To counter this
myopic shift, the diagnostic criteria to define the refractive groups were shifted by 0.50 D. Admittedly there may have been a few high hyperopes who did not relax
their habitual accommodation during the eye examination, for whom the
autorefraction might be quite a significant underestimate.
However, the purpose of the study was to compare whether there was any
difference in refractive distribution between the two schools, and thus any difference
we found is likely to be a real difference as both schools had reasonable sample sizes
and underwent the same screening assessments using the same equipment, and are
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thus just as likely as each other to manifest myopic shifts due to instrument myopia or
a natural tendency to habitually accommodate in the case of hyperopes.
In summary, this study has demonstrated that different socioeconomic and
educational environments are associated with different outcomes in visual status for
children. Children at a government-run school representative of the lowest
socioeconomic sector of Istanbul showed a lower prevalence of myopia but a higher
prevalence of amblyopia, and three times more children who had not yet had their
eyes examined. Given the relatively high numbers of young people in Turkey and the
predominance of children in lower socioeconomic circumstances, a plan for eye care
as part of standard public health care delivery is required, particularly if myopia rises
in prevalence with time as has happened elsewhere with the an increased striving for
academic achievement and therefore increasing demands for extended nearwork.
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Chapter 6: Study 3

Is there a relationship between refractive status and student reported vision
symptoms associated with nearwork activities?
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Abstract
Background: Anecdotal reports of asthenopic symptoms in school children
have recently increased. Thus, this study aimed to investigate the prevalence of
symptoms in the context of refractive status in a middle school population. The
Convergence  Insufficiency  Treatment  Trial  (CITT)  Study  Group’s  revised  
Convergence-Insufficiency Symptom Survey (CISS) was chosen as the measure of
ocular comfort associated with nearwork activities.
Design: Epidemiological school vision screening, of 353 unselected students
in Grades 6-9 (92.2% participation) aged 13.2 ± 1.4 years. Methods: Brief history,
distance and near visual acuity (ETDRS chart), cover test and non-cycloplegic openfield autorefraction with fogging were undertaken by one clinician and the CISS
administered independently.
Results: Mean spherical-equivalence for the 339 non-amblyopic/strabismic
participants was +0.05 SD 1.33 D, with 14.8% myopic (< -0.50 D) and 15.3%
hyperopic (> +0.75 D). The mean symptom survey score for the 339 students was
16.26 SD 10.90 out of a total possible score of 60. Fifty five percent of students
scored 0-15  on  the  CISS  and  were  classified  as  ‘asymptomatic’.    Of  the  339  students,  
34% scored 16-30 (i.e. were moderately symptomatic) and the remaining 11% scored
over 30 (highly symptomatic). The highest CISS scores were reported in
amblyopes/strabismics 28.9 SD 9.8. The next highest scoring group was hyperopes >
+2.00 D, with a mean CISS score of 27.7 SD 6.5, were significantly higher than the
emmetropic and myopic refractive groups.
Conclusions: These findings validate anecdotal claims of a significant
prevalence (45% moderate-highly symptomatic) of symptoms in school children in
Australia. Furthermore the symptoms occur both in students with and without
significant refractive error though are greatest in those with amblyopia or high
hyperopia raising the question of whether these symptoms are more related to
binocular function during nearwork. The results also emphasise the need to consider
binocular vision before an evidence base for pediatric prescribing practices can be
established.
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Note: Study 1 and 3 have used the same sample of children, however, studies 2 and 4
have used a completely different sample.
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Introduction
Refractive errors are the most common ocular condition worldwide and a
public health priority of the World Health Organisation (Dandona & Dandona, 2001).
Indeed myopia is occurring earlier and with dramatically increasing prevalence and
severity in many areas (Pan et al., 2012; Seet et al., 2001) the majority of primary
school children worldwide still remain mildly to moderately hyperopic (B. M.
Junghans & Crewther, 2005; I. G. Morgan, Rose, & Ellwein, 2010; A. Yekta et al.,
2010). Yet the evidence base for prescribing for hyperopic errors in children remains
controversial (American Academy of Ophthalmology Pediatric
Ophthalmology/Strabismus, 2007; American Academy of Pediatrics, 2003; American
Optometric Association Consensus Panel on Care of the Patient with Hyperopia,
2008; American Optometric Association Consensus Panel on Care of the Patient with
Myopia, 2006) and unclear (Cotter, 2007; Lyons et al., 2004) with many eye
professionals choosing not to correct mild to moderate hyperopia (Gil-Gouveia &
Martins, 2002; Ip et al., 2006; Sterner et al., 2006). This clinical decision is based on
an assumption that the young accommodative system is able to effortlessly
compensate (Donahue, 2004). There are also many other clinicians who accept the
anecdotal association between asthenopic symptoms (e.g. eyestrain, nearworkassociated headaches, double vision) and uncorrected refractive errors, including low
degrees of astigmatism (for a review relating to astigmatism see (Stark, Strang, &
Atchison, 2003)). Unfortunately however there is very little quantitative evidence
relating refractive errors and consideration of the prolonged near work demands that
modern school children experience. Thus between the lack of rigorous research and
the conflicting evidence from what currently exists, the need to establish whether
there is a relationship between refractive error and reports of ocular discomfort is
highlighted.
To standardize such research requires a reproducible, objective instrument.
Hence a small number of studies have attempted to develop surveys as tools to
quantify the impact of vision anomalies on the quality of life (Erickson et al., 2004;
Pesudovs, Garamendi, & Elliott, 2004; Vitale, Schein, Meinert, & Steinberg, 2000;
Walline, Bailey, & Zadnik, 2000). One such questionnaire, the Convergence
Insufficiency Symptom Survey (CISS), was specifically designed and validated by the
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Convergence Insufficiency Treatment Trial (CITT) study group (E. J. Borsting et al.,
2003; Borsting et al., 1999) to quantify symptoms in convergence insufficiency and
thus measure the outcomes of convergence insufficiency treatment (Borsting et al.,
2012; M. Kulp et al., 2009). However, as asthenopic symptoms are often associated
with prolonged accommodation and convergence during extended near work, we
hypothesised that the CISS could potentially be utilised to provide a clinically useful
tool to facilitate decision-making related to treatment, i.e. prescribing, for refractive
error.
Thus, this study aimed to determine whether the revised Convergence
Insufficiency Symptom Survey (CISS) (E. J. Borsting et al., 2003) could be used to
ascertain the relationship between refractive errors and asthenopic symptomatology in
an unselected population of Australian middle-school children as a means of
informing prescribing practice.

Methods
All procedures were approved by the Human Ethics Committee of La Trobe
University, Melbourne, Australia, and conform to the Declaration of Helsinki of 1975
(as revised in Tokyo in 2004).
Permission was obtained from the school principal of a private Melbourne
based school offering Kindergarten to Year 12, to send a letter inviting participation
in a vision screening to all students in grades 6 to 9. The population was of
predominantly Australian Lebanese ethnicity already who speak both Arabic and
English in the home. Participation was open to all students. Three hundred and fifty
four students out of a possible 384 students (92.2%) returned signed informed consent
forms. Absence from school on the day of testing accounted for the majority of the
remaining students. Testing was carried out during normal school hours.
The vision screening included a brief semi-structured history (regarding last
eye examination, whether spectacles/patching have ever been prescribed), cover test
to identify strabismus, visual acuity at distance and near using an internally
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illuminated  distance  ‘ETDRS’  (Early  Treatment  Diabetic  Retinopathy  Study)  
LogMAR  chart  (Precision  Vision,  La  Salle,  USA)  and  a  near  ‘ETDRS’  card  
respectively to identify amblyopia (defined operationally as a difference in visual
acuity between the two eyes of at least 2 lines, or, a bilateral reduction in expected
acuity of at least two lines for both distance and near acuities), autorefraction, and
administration of the CISS (see Table 21). Where appropriate and possible, children
were examined wearing their habitual refraction.
This study was designed to assess refraction without cycloplegic agents,
however fogging using open-field autorefraction was used given the evidence
indicating the technique has clinically acceptable accuracy (i.e. within 0.2 D) and
repeatability beyond early school years when compared with cycloplegic retinoscopy
and subjective refraction (Choong et al., 2006; Davies et al., 2003). More
importantly, non-cycloplegic refraction has the advantage of allowing an immediate
resumption of academic activities as favoured by the school principal. Noncycloplegic refraction was undertaken using a Shin-Nippon NVision-K 5001
autorefractor (Grand-Seiko Company, Fukijama, Japan) - an open-field machine that
provides  a  wide  and  distant  view,  and  so  minimizes  stimulation  of  ‘proximal’  
accommodation when compared with closed-box autorefractors (Choong et al., 2006;
Davies et al., 2003). To further encourage relaxation of accommodation, all
refraction measurements were taken with the student binocularly observing a distant
tree some 180 meters away through a wall-height window. Ten readings were made
in rapid succession and simultaneously downloaded to a computer running a customdesigned Labview program (Labview, National Instruments, Austin, TX). Results
from the autorefractor were downloaded as spherical power in dioptres, cylindrical
component as dioptres and cylinder axis. The means were converted to spherical
equivalent refraction (SER) for analysis (SER = sphere + (1/2 cylinder)). Accuracy
and vertex distance settings on the instrument were set to 0.12 D and 12 mm
respectively.
All students were administered the CISS (E. J. Borsting et al., 2003) (see
Table 21 that follows after here) by the class teacher during a school period before
any testing.    Instructions  were  to  “carefully  read  each  question  and  tick  one  of  the  five  
possible  answers”.    Students who habitually wore spectacles at school continued to do
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so during administration of the CISS. The clinician undertaking visual acuity and
refraction testing was blind to the CISS outcomes at that time. Scoring of the CISS
ranges from zero (no symptoms) to 60 (highly symptomatic), and was collected from
teachers after the completion of screening tests.
Students with significant refractive errors (that is, any myopia or
moderate/severe hyperopia, astigmatism > 1.00 DC), poor visual acuity or moderate
to high CISS scores were referred to the family eye care practitioner for reassessment
and or monitoring (see Study 1).
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Table 21. Convergence Insufficiency Symptom Survey with response options

1.

Do your eyes feel tired when reading or
doing close work?

2.

Do your eyes feel uncomfortable when
reading or doing close work?

3.

Do you have headaches when reading or
doing close work?

4.

Do you feel sleepy when reading or doing
close work?

5.

Do you lose concentration when reading or
doing close work?

6.

Do you have trouble remembering what you
have read?

7.

Do you have double vision when reading or
doing close work

8.

Do you see the words move, jump, swim or
appear to float on the page when reading or
doing close work?

9.

Do you feel like you read slowly?

Never

(Not very
often)
infrequently

Sometimes

Fairly
often

Always

___ x 0

___ x 1

___ x 2

___ x 3

___ x 4

10. Do your eyes ever hurt when reading or
doing close work?
11. Do your eyes feel sore when reading or
doing close work?
12. Do you feel a pulling feeling around your
eyes when reading or doing close work?
13. Do you notice words blurring or coming in
and out of focus when reading or doing close
work?
14. Do you lose your place while reading or
doing close work?
15. Do you have to re-read the same line of
words when reading?
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Data Analysis

Students were grouped according to age, as past epidemiological studies have
shown that myopia increases with age, years of schooling and associated nearwork,
demands (Pan et al., 2012) making it likely that nearwork related symptoms would
increase with age. Thus the age groupings chosen were 10-11 years, 12-13 years, or
14-15 years. Refractions were broadly classified using the RESC definitions (Negrel
et al., 2000) that is, myopic if the SER was equal to or below -0.50 D and hyperopic if
equal to or above +2.00 D. However, for the purposes of the current analyses,
myopia was further subdivided into low myopia (at least -0.50 D but below -2.00 D)
and moderate/high myopia (-2.00 D and beyond). Hyperopia was also further divided
into  low  hyperopia  (at  least  +0.75  but  below  +2.00)  and  moderate/high  hyperopia  (≥
+2.00D). Emmetropia was thus defined as SER between -0.50 D and +0.75 D. The
analysis of CISS scores and astigmatism included only cylindrical autorefraction
readout of over 0.50 D cylindrical (so chosen as the Shin Nippon Autorefractor is
considered to only be accurate to ±0.50Dcyl in 96% of measures) (Davies et al., 2003)
and reference to with-the-rule, against-the-rule and oblique axes. Anisometropia was
deemed to exist if an SER difference between right and left eyes was greater than 1D.
As SER readings for right and left eyes of non-amblyopes/non-strabismics were
highly correlated (r = .92, p < .0001), right eye results alone are presented. The data
from students with amblyopia or strabismus (n = 14) were not included in the general
CISS score analysis i.e. analyses relating CISS score to refraction, as refractions
between the two eyes of an amblyope are usually anisometropic and there is no a
priori expectation of a high correlation between the two eyes (G. Nastri, G. C.
Perugini, S. Savastano, A. Polzella, & G. Sbordone, 1984). However, the data from
these students were examined in relation to their CISS scores per se.
Previous studies using the CISS (E. J. Borsting et al., 2003; M. Rouse,
Borsting, Mitchell, Cotter, et al., 2009) yielded a mean score of 8.4 SD 6.4 (range 215), in 9 to 18 year olds in a clinical population diagnosed without binocular vision
problems, and are termed the Normal Binocular Vision (NBV) group. Hence, we
chose to use the criteria that scores 0-15 be regarded  as  ‘asymptomatic’ (i.e. using the
CITT mean + one standard deviation cut-off of 14.8 (E. J. Borsting et al., 2003) to
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define the upper boundary of normality), and that scores of 16-30 be designated
‘moderately  symptomatic’ (i.e. using the CITT mean + 1 to 3.5 standard deviations
(E. J. Borsting et al., 2003)), and scores of 31-60 be ‘highly symptomatic’  (i.e.  using  
> 3.5 standard deviations above the CITT mean (E. J. Borsting et al., 2003)).
Analyses of differences in CISS scores between the refractive groups were
evaluated using a one-way independent ANOVA, and post-hoc comparisons were
made using the Scheffe Method. Mean values for age, SER and CISS are quoted with
the standard deviation (SD) as to facilitate a comparison between previous studies that
have presented CISS scores in mean and SD (M. Rouse, Borsting, Mitchell, Cotter, et
al., 2009). Comparison of CISS scores between refractive groups is facilitated on the
graphs by displaying 95% confidence intervals.

Results
A total of 354 out of the 384 enrolled students (92.2%) were assessed, with
54% being female. Their mean age was 13.17 ± 1.45 years (range 10-15 years).
Fourteen students (3.95%) were found to have amblyopia and/or strabismus. One
student with a refractive error of -16.00 D sphere in both eyes was excluded from data
analysis.
The mean spherical equivalent refraction for the 339 non-amblyopic and/or
non-strabismic students was 0.05 SD 1.33 D (range -7.77 to +3.54 D) and has been
previously described (Azizoglu et al., 2011). The majority of these 339 students were
emmetropic (n = 237, ~70%) while there were significantly smaller proportions with
myopia (low myopia n = 24 or 7.08%, moderate/high myopia n = 26 or 7.67%) and
hyperopia (low hyperopia n = 41 or 12.09%, moderate/high hyperopia n = 11 or
3.24%). Of students without amblyopia or strabismus, 275 had astigmatism (range
0.12 to 3.21 DC), of who seventy-six (22.42%) had astigmatism > 0.50 D cylinder.
Twenty-six students were anisometropic (mean anisometropia of 2.17 ± 0.99 D) of
who 7 were also amblyopic/strabismic. Fifty-three of the 339 students (15.63%) had
been prescribed spectacles.
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Symptom Survey Scores

Non-amblyopic/non-strabismic students
The mean symptom survey score for the non-amblyopic/non-strabismic
students was 16.26 ± 10.90 out of a total possible score of 60 (Figure 12). Fifty five
percent of students scored 0-15  on  the  CISS  and  were  classified  as  ‘asymptomatic’  
(on  the  basis  of  the  CITT  Study  Group’s  mean  CISS ± 1SD). Of all nonamblyopic/strabismic students, 34% scored 16-30 (i.e. were moderately symptomatic)
and the remaining 11% scored over 30 (highly symptomatic).
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Figure 12. Frequency histogram of scores achieved on the Convergence Insufficiency Symptom Survey (E. J. Borsting et al., 2003) for all 339 nonamblyopic/strabismic students according to refractive category and for the 14 amblyopic/strabismic students irrespective of refractive status.
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Symptom survey scores were compared across age groups and across the
refractive groups for the non-amblyopic and/or non-strabismic students and for the
amblyopic/strabismic students. A significant effect for refractive group was found,
F(4, 334) = 4.09, p = .003 (Figure 13), but no effect for age was found (10-11 years
mean CISS 14.61 SD 12.22; 12-13 years mean CISS 17.42 SD 10.23; 14-14 years
mean CISS 15.98 SD 10.52). Mean symptom survey scores were significantly higher
for students with SER indicating moderate or high hyperopia than with emmetropia or
higher degrees of myopia (correlation coefficient = 0.13). Post-hoc tests showed no
significantly different CISS scores for students with or without a history of previously
prescribed spectacles in the various refractive groups (Figure 14). For astigmats with
>0.50 Dcyl the mean CISS was 14.92 SD 9.48 and for low astigmatism <0.50 Dcyl
the mean CISS was 16.64 SD 11.26. CISS scores were unrelated to the degree of
astigmatism (Figure 15) or with-the-rule, against-the-rule or oblique astigmatic
presentations. Of note is the fact that no students with mixed astigmatism (that is,
with focal lines straddling the retina) had been prescribed spectacles.
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Figure 13. Mean Convergence Insufficiency Symptom Survey (E. J. Borsting et al., 2003) scores (±
95% CI) according to refractive category as defined by SER for non-amblyopic/strabismic students,
and for amblyopic/strabismic students irrespective of refractive status.
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Figure 15. Scattergram of Convergence Insufficiency Symptom Survey (E. J. Borsting et al., 2003)
scores versus right eye distance cylindrical refractive error of any magnitude.
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Amblyopic/strabismic students
These students were not included in the particular refractive groups as not
unexpectedly many were anisometropic (Nastri et al., 1984). For the 14 students with
amblyopia and/or strabismus (mean CISS 28.93 ± 9.81), highly significant (p < 0.001)
differences in CISS scores were found compared to those having neither of these
conditions (mean 16.26, SD 10.9) (Figure 13). The seven students with amblyopia
without strabismus represented 1.98% of all 353 students, but this group returned the
highest symptom scores (mean 33.43 ± 10.13, range 20 to 47). Importantly, four
students among this seven were unable to recall having had an eye examination
previously despite a mean symptom score of 36.5. Another seven students (1.98% of
all students) were found to have strabismus and returned moderately high near
symptom scores (24.43 ± 7.66, range 15 to 37). There was no significant difference
regarding the degree of reported near symptoms between strabismic students with or
without amblyopia.

Discussion
From an evidence-based practice point of view, the most important and
unexpected finding of this study is that regardless of refractive category, asthenopia of
moderate extent appears to be common (45%) in an Australian unselected non-clinical
school population. Children with amblyopia and strabismus reported the highest
number of symptoms. Furthermore, even the ‘emmetropic‘  group had a mean
symptom survey score of approximately 16 (one standard deviation above that found
for those with normal binocular vision in a clinical population by the CITT group
using the same survey tool (E. J. Borsting et al., 2003; E. Borsting et al., 2003)).
Secondly, as expected, children with moderate to high hyperopia reported
significantly more symptoms indicative of visual discomfort than did children with
emmetropia or myopia, which indicates that the CISS would be a useful tool to screen
children who are hyperopic through its focus on visual comfort during near activities.
However, unexpectedly, analysis of the prevalence of reported asthenopia associated
with nearwork showed no systematic variation relating to astigmatic imagery
determined under distant viewing conditions. Such uncorrected astigmatic imagery
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would also be expected to stimulate accommodative effort in order to see more clearly
at near. The high prevalence of symptoms across all refractive groups suggests that
moderate to high refractive error alone cannot remain the sole criterion for prescribing
for children, where  the  term  ‘prescribing’  is  used  in  its  widest  sense  and  does  not  
solely refer to correction of refractive error but may also include vision training.
Acknowledgement of the high mean CISS score for this unselected nonclinical population raises immediate concerns. Earlier studies have also found a high
prevalence of symptoms in school children around the world, suggesting that between
15-47% of unselected children report symptoms upon questioning (Abdi et al., 2008;
Ip et al., 2006; Sterner et al., 2006). However, the extent of such symptoms and
relation to binocular anomalies has not previously been rigorously examined.
One likely explanation for our high scores on the CISS is sampling. Notably
in the CISS validation study by the CITT group (E. J. Borsting et al., 2003), controls
were taken from a clinical population screened to exclude those with binocular vision
anomalies that probably included a larger proportion of young myopes and may have
excluded higher hyperopes who have been anecdotally linked to BVA . Also, one
other bias in our sampling, is that the children were bilingual and although all children
had fluent English and were learning mainstream Australian education, any effect
upon the CISS scores are unclear and should be repeated with mono-lingual English
speakers for confirmation.
Certainly the results of this study indicate that CISS scores increased with
increasing hyperopia, thus providing one explanation for our higher mean CISS score.
Another potential reason for increased asthenopia could be that children may be more
prone  to  ‘hunt’  for  better  imagery  to  aid  perceptual  interpretation  through  activation  
of accommodation than do adults who have greater familiarity with letter-word shape
recognition. This may apply in the case of astigmats particularly. Interestingly,
although there has been widespread anecdotal reference to astigmatism as a potential
source of asthenopic symptoms in children and young adults (Stark et al., 2003), the
current study does not lend support for such an optically-driven systematic basis for
the prevalence of symptoms. This lack of correlation between CISS symptom scores
in astigmats and a theoretical accommodative demand at far may reflect the difficulty
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in seeking the etiologies that drive asthenopia scores when the CISS survey evaluates
visual comfort under near viewing conditions whereas school screenings usually
focus on refractive error evaluation ascertained solely under distance viewing
conditions.
A difference in the ages of the students between studies is a further sampling
consideration. Although the CISS (E. J. Borsting et al., 2003) validation study used
young people from a wider age range (9-18 years, mean 11.4 ± 2.2 years), our
students were on average nearly two years older (13.17 ± 1.4 years). This would be
likely to place our students two grades further advanced in their schooling, with
greater educational demands for nearwork and hence, greater induced stress on the
accommodation-convergence system. Rosenfield (2011) recently surveyed the
growing literature on the unexpected impact of computers and new handheld devices
on ocular comfort in adults and to a small degree in children. His review describes
the  common  visual  symptoms  including  “eyestrain,  headaches,  ocular  discomfort,  dry  
eye, diplopia and blurred vision either at near or looking into the distance after
prolonged  computer  use”  that  were  found  in  over  two-thirds of subjects.
Interestingly,  Rosenfield’s  review  explores  the asthenopic symptoms in adults
linked to the existence of dry eye associated with a lack of blinking during reading
and when viewing digital displays (M Rosenfield, 2011). This aspect of asthenopia
does not appear to have been studied in children by others or covered here in the
CISS, except for the two questions asking ‘do  your  eyes  hurt/feel  sore’  which  may  
relate to the grittiness of dry eye, and ‘do  words  blur’  which may relate to tear film
changes that accompany dry eye dynamics. Such tear surface changes could well
exist given the likelihood of reduced blinking in todays learning environment, where
activities are dominated more and more by handheld and desktop visual display units.
A more targeted survey question may better address this potential non-refractive
asthenopic element.
The physiological basis of the high symptom scores found has not been
explored in depth here, although the higher CISS scores of the amblyopes/strabismics
and high hyperopes suggest that unidentified binocular problems are a likely cause (E.
J. Borsting et al., 2003; Marran et al., 2006) and remain to be investigated in the next
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study. To date very few studies have looked at the true prevalence of oculomotor or
binocular vision anomalies in large cohorts of unselected school children. However,
previous studies indicate that based on the criterion of a single binocular vision sign,
as many as 39% of children in unselected populations appear to have at least one
aspect of impaired functional vision (B. Junghans et al., 2002), whereas based on
multiple criteria it is likely that at least 10% of school children in Australia, the US
and Sweden will have a significant accommodative or convergence problem, or both
(Abdi et al., 2008; E. Borsting et al., 2003; B. Junghans et al., 2002; M. W. Rouse et
al., 1999).
High scores attained by the amblyopes/strabismics and by hyperopes
highlights the potential value of the CISS questionnaire as a screening tool to be used
by non-specialist vision care practitioners. Claims have been made that the CISS
primarily identifies the binocular anomaly of accommodative insufficiency rather than
convergence insufficiency (Marran et al., 2006). However, this issue has not been
addressed here. Rather, we see the CISS as potentially useful in informing the debate
regarding criteria for prescribing for children and identifying tolerance of uncorrected
hyperopia. That is, the high scores reported here argue for the use of the CISS to
provide an evidence base in clinical decision making relating to accommodative
issues in children (D. Adler & Millodot, 2006; K. Chung, Mohidin, & O'Leary, 2002;
Cotter, 2007; Filips, 2008; Lyons et al., 2004; Miller & Harvey, 1998; Robaei, Kifley,
et al., 2006; Robaei et al., 2005). Clearly, the presence of strabismus (with or without
amblyopia) is an extreme binocular anomaly accompanied by significantly greater
degrees of asthenopia as reported here. However, in the current study four of the
seven students having amblyopia without strabismus could not recall a previous visual
exam despite between 2 and 5 lines visual acuity difference between the two eyes.
This finding suggests that pre-screening by laymen using the CISS (e.g. by school
teachers) could identify students visually at risk and worthy of further detailed followup.
The CISS was originally conducted verbally to each subject (E. J. Borsting et
al., 2003; Borsting et al., 1999) whereas in our case the test was administered to the
whole class as a written exercise. Whether outcome scores would be different
between the two administration formats is unknown. Further considerations concern
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how  the  child  conceptualises  the  time  frame  relating  to  each  question,  e.g.  “Do your
eyes feel tired when reading or doing close work?”:  did  the student reflect simply on
their reading comfort whilst actually answering the question, or in recent times, or as
long as they could recall? Additionally, for students who own spectacles, did they
differentiate between comfort with/without spectacles? These possible differences in
semantic understanding of the temporal precision of questions particularly with
reference to interpretation have not been explored. Clearly with respect to spectacle
wear, if spectacles have been appropriately prescribed and are regularly worn, then
the overall CISS scores should be lower. However, data regarding compliance and
associated CISS scores for spectacle wear by students in the current cohort was not
collected at the time. Hence, the finding here that high CISS scores remain common
is all the more perturbing and demands follow-up.
From an education viewpoint, management of asthenopic symptoms in
children should be an important issue in clinical practice as asthenopia has been
shown to act as a disincentive to performing close work and hence could theoretically
affect reading and academic progress (W. Dusek, Pierscionek, & McClelland, 2010;
Evans, 1998; C. Palomo-Alvarez & M. Puell, 2008). Hyperopia has been more
commonly linked to impaired literacy in 8 year olds (W. R. Williams et al., 2005)
than emmetropic 8 year olds. The current study showed moderate to high hyperopes
to be highly symptomatic, suggesting that they may be more likely to benefit from
refractive correction and thus minimize educational disadvantage. Visual motor
integration has been shown to improve after refractive correction of hyperopic preschoolers (A. C. Roch-Levecq, B. L. Brody, R. G. Thomas, & S. I. Brown, 2008).
Correction of visual anomalies with spectacles in middle school children has also
been found to lead to reporting of fewer symptoms (Esteso et al., 2007), though for
not all children, as even some emmetropic children diagnosed with reading and
writing difficulties still report significant asthenopic symptoms (Ethan & Basch,
2008; Goldstand et al., 2005; M. Rouse, Borsting, Mitchell, Cotter, et al., 2009; W. R.
Williams et al., 2005). Indeed the American Academy of Ophthalmology Panel for
Pediatric Eye Evaluations suggests that for children aged 4 years or older, spectacles
should  be  prescribed  if  “visual  acuity  can  be  improved  or  if the patient has
asthenopia” (American Academy of Ophthalmology Pediatric
Ophthalmology/Strabismus, 2007). Worryingly, some groups of practitioners suggest
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that the presence of symptoms should not necessarily be taken into account when
prescribing (O'Leary & Evans, 2003; Robaei et al., 2005) suggesting rather
prescription should be made on refraction measures. The results presented here
suggest otherwise and indicate that a more comprehensive visual assessment than
simply refractive error is required if best quality of life and academic outcomes are
sought.
The limitations of this study should primarily be considered in relation to
whether the data informs the debate on criteria for prescribing. It is accepted that the
use of non-cycloplegic autorefraction in the current study is not optimal at eliciting
the full degree of hyperopia. However, from the viewpoint of evidence-based
practice for prescribing this is immaterial because it is not the full degree of hyperopic
refractive error that drives prescribing, rather, the subjectively best tolerated
prescription that in general is of lesser power. Indeed, the difference between
cycloplegic and non-cycloplegic autorefraction using the earlier model Shin Nippon
SRW-5000 open-field autorefractor has been shown to be inconsequential to clinical
decision making in children aged 4-8 years except in cases where it is required that
the maximum plus correction be determined (Chat & Edwards, 2001).

Conclusion
The most important result of this study is the high proportion of children in an
unselected population reporting substantial degrees of asthenopia and the significant
correlations this symptomology has with refractive errors. Although students with
increased accommodative demand due to hyperopia are more symptomatic, relatively
large numbers of students with little refractive error scored highly on the CISS survey
(E. J. Borsting et al., 2003), that relates to accommodative-convergence function.
Future studies are necessary to determine and confirm the nature of the reported
ocular discomfort (e.g. through more complete binocular vision examinations at both
distance and near) and the effectiveness of taking such considerations into account.
Further investigation is also necessary to determine the most effective clinical
measure of reliably quantifying and subdividing potential drivers of asthenopia.
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Chapter 7: Study 4

An evidence base for ocular discomfort in emmetropic school students
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Abstract
Purpose: Emmetropia (zero refractive error) has traditionally been
considered the ultimate in ocular status and comfort, and clinically assumed to occur
before school age. However, as shown in Study 3, school students with emmetropic
refractions often report asthenopic symptoms. Thus this study sought to investigate in
students with emmetropic refractions, whether the symptoms reported via the
Convergence Insufficiency Symptom Survey (CISS) could be physiologically related
to Binocular Vision Anomalies (BVA).
Methods: 247 students 8-16 years of age (mean 11.5 ± 2.3 years) were
recruited for a vision screening at a private school in Melbourne, Australia. One
hundred and eighty-four students (74.5%) were classified as clinically emmetropic
and were administered the CISS (including 15 questions) and an extensive battery of
binocular vision tests to establish binocular vision status and categorize any
anomalies.
Results: Of these emmetropes, 85 (46.2%) students were found to have
Normal Binocular Vision (NBV) and a CISS score (mean ± SEM) of 11.98 ± 0.81
while the remaining 99 (53.8%) students were classified as having a BVA (CISS
score 19.0 ± 1.11) i.e. a failure on at least one binocular vision test. The CISS scores
for the two groups differed significantly (p < 0.001). Of those with a BVA, failure on
the accommodative facility test was found to be the most common i.e., 42.4% (CISS
score of 22.0 ± 0.6), then miscellaneous, i.e. failure on two dissimilar tests, was
16.2% (CISS score of 17.4 ± 2.6), convergence insufficiency and vergence infacility
had the same frequency of 14.1% each (CISS score of 19.4 ± 2.4 and 13.4 ± 1.5
respectively), accommodative insufficiency 7.1% (CISS score of 21.8 ± 2.2) and the
least common group was convergence excess 6.1% (CISS score of 14.2 ± 3.1). In
terms of clinical tests: accommodative facility, amplitude of accommodation, positive
relative accommodation, vergence facility and near point of convergence all
significantly differed between students in the most and least symptomatic groups
using the CISS score. Furthermore, 6 questions on the CISS were shown to be
effective in differentiating students with NBV from those with a BVA.
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Conclusions: Results of this study indicate (i) that inadequate BV is
surprisingly common in emmetropic middle school students, (ii) that the CISS can be
clinically useful for the detection of clinically significant BVA and (iii) that
accommodative facility is the most effective test at identifying BV inadequacies. In
terms of adapting these results to enhance vision screenings, we suggest that just 6 of
the CISS questions and 5 of the binocular vision tests would ensure that the great
majority of the problematic individuals would be rapidly identified.
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Introduction
Emmetropia (approximately -0.50 D to +1.00 D) has long been considered to
be  the  clinical  ‘gold  standard’  refractive  state, with correction of ametropia aimed at
emulation of the emmetropic state. Study 3 has shown that students with emmetropia
may present with visual symptoms that have previously been associated with
binocular vision anomalies, such as convergence insufficiency (M. W. Rouse et al.,
1999; Scheiman et al., 2002).
Binocular vision anomalies (BVA) are common (Abdi et al., 2008; Bodack,
Chung, & Krumholtz, 2010; M. W. Rouse et al., 1998), with reports showing a
prevalence between 12% (M. W. Rouse et al., 1998) and 30% (B. Junghans et al.,
2002) in school screenings and ~30-40% (M. W. Rouse et al., 1998) of clinical
populations with prevalence varying according to strictness of the diagnostic criteria
used (M. W. Rouse et al., 1999; M. W. Rouse et al., 1998), and with age of student
(Scheiman et al., 1996), and occupation in adults (Hokoda, 1985; Iribarren et al.,
2001) (see Table 3 - Prevalence of Binocular Vision Anomalies, page 22). For
example, in a large sample of Australian primary school students (n = 2697) the
frequency of diagnosed BVA decreased from 39.2% to 11.4% to 2.1%, as the number
of binocular tests failed by student increased from one to two to three, respectively
(B. Junghans et al., 2002).
Over recent years binocular vision symptoms (Marran et al., 2006), dry eyes
(Doughty et al., 1997) and musculoskeletal symptoms due to poor posture (Straker et
al., 2008), have been reported more frequently following the emergence of prolonged
use of electronic devices (D. M. Hoffman et al., 2008; Yano, Ide, Mitsuhashi, &
Thwaites, 2002) such as personal computers, in daily living. Such symptoms have
been suggested to be associated with accommodation and convergence insufficiency
(E. Borsting et al., 2003; Marran et al., 2006) or environmental influences (Straker et
al., 2008; Y. Wang et al., 2013). On the other hand, Ip et al. (2006) in a study
exploring symptoms in 6 year olds asthenopic symptoms were considered a poor
marker of eye conditions (Ip et al., 2006).
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Thus the current study aimed to recruit a population of emmetropic school
students and investigate whether self reported symptoms could be associated with an
impairment in accommodation and convergence function given the increasing demand
for focus on near activities required by a modern classroom environment.
Symptoms of ocular discomfort related to BVA have been shown to have a
negative impact upon students educational performance and the eventual career
choices of adults (Coats, Paysse, Towler, & Dipboye, 2000). A recent study found
that treatment of symptomatic convergence insufficiency (CI) improved students
Academic Behaviour Survey (ABS) scores (Borsting et al., 2012). For school
students who have nearwork-related symptoms such as sore eyes, headaches, and
blurred vision, an avoidance of near tasks has been demonstrated (W. R. Williams et
al., 2005). Indeed avoidance of nearwork may be the reason behind the negative
impacts on efficiency and productivity of schoolwork. However when vision
assessments are sought for such student, visual acuities often appear to be normal and
refractive  status  is  often  within  the  normal  bounds  of  ‘emmetropia’.    Thus,  unless  
binocular vision examinations are routinely performed and history related questions
are targeted toward ocular discomfort the presence of BVA will remain undetected.
Students with BVA have also been shown to have deficiencies in reading
(Palomo-Alvarez & M. C. Puell, 2008) and reading and writing (Dusek, Pierscionek,
& McClelland, 2011), as well as reduced fine motor skills measured using Purdue
pegboard, bead threading task, and a water pouring task (O'Connor, Birch, Anderson,
& Draper, 2010). Similarly, in a study of children with dyslexia who were referred to
an eye clinic, 84.8% were found to have accommodative problems, uncorrected
hyperopia, hypoaccommodation and/or exophoria compensated by accommodative
convergence (Motsch & Muhlendyck, 2001). Appropriate corrective or vision
therapy  management  improved  78.8%  of  these  dyslexic  children’s  reading  ability  
(Motsch & Muhlendyck, 2001). In a group with CI, there was a trend towards a
greater number of individuals with Attention Deficit Hyperactivity Disorder (ADHD)
compared to the number with ADHD in a group with normal binocular vision (NBV)
(16% vs. 6%, p = 0.073) (M. Rouse, Borsting, Mitchell, Kulp, et al., 2009).
Similarly, a retrospective study showed a higher prevalence of ADHD existed in
children diagnosed with CI than in those without CI (Granet et al., 2005).
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Traditionally the diagnosis and treatment of BVA in clinical settings has relied
on abnormal clinical test results plus coexistent symptoms. However, whilst there
have been limited attempts towards a consensus on the choice of clinical binocular
vision tests and their criteria (see Methodological Considerations chapter, page 58)
(B. Junghans et al., 2002; F. Lara et al., 2001), quantification of the intensity of
symptoms has been more challenging, especially for use in research. This has
resulted in a number of surveys that ask relatively similar questions about nearwork
symptoms. Such surveys also vary in length and scoring options (see Table 5, page
43 for typical examples).
The Convergence Insufficiency Symptom Survey (CISS), used in the last
study, was designed and validated to show the difference in symptoms between
individuals with NBV and CI (E. J. Borsting et al., 2003; M. Rouse, Borsting,
Mitchell, Cotter, et al., 2009; M. W. Rouse et al., 2004). The developers of the CISS
identified a discriminatory score of 16 or higher as indicative of CI in school students
(M. W. Rouse et al., 2004).
Thus the primary aim of the study was to investigate whether the number of
symptoms reported on the CISS can positively distinguish between emmetropes with
BVA from those with NBV. We further aimed to investigate whether the CISS
questions can be statistically grouped into categories associated with particular groups
of BVA. To address these aims, a vision screening was performed to identify
clinically emmetropic students, and then to assess their binocular vision status in
upper primary and lower secondary school.

Methods
Sample

Primary and secondary school students between Grades 3 and 10 (n = 325, 816 years of age) from a private school with a middle socioeconomic class clientele
that taught the standard Australian curriculum, were invited to participate in the study.
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247 students (76.2% participation rate) returned consent forms signed by a parent or
guardian for the vision screening. A higher percentage of primary school students
(Grades 3 – 6; 87.9%, n = 153) participated compared to secondary students (Grades
7-10; 64.7%, n = 94).

Ethics

The study was approved by the La Trobe University Human Ethics committee
and conforms to the Declaration of Helsinki of 1975 (as revised in Tokyo in 2004).
Parents or guardians received an information letter outlining the purpose of the study,
the tests and conditions under which the tests were to be administered, and the
ongoing right to refuse or withdraw from participation at any time. Only students
with signed consent forms were assessed. All vision assessments were administered
within regular school hours. After the screening, the parents or guardians of all
participants were sent individual  reports  regarding  the  outcomes  of  the  child’s  vision  
screening.

History

A brief history was obtained from the information letter sent to parents with
the consent forms. The letter requested information including date of birth, use of
medications for asthma, previous visual examinations, use of spectacles and whether
they have had any eye surgery. The letter also requested a history of earlier diagnoses
of vision anomalies such as strabismus and strabismus treatment (vision therapy
and/or surgery) or patching of an eye (amblyopia and amblyopia treatment).
The letter also included a yes/no section, requesting parents to identify any
previous diagnosis of a Learning Disability (LD) or Attention Deficient Hyperactivity
Disorder (ADHD). Although a vision assessment was provided for all students who
returned their consent forms, data from students diagnosed with LD or ADHD was
not included in the binocular vision and symptom survey analysis, in order to
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eliminate any potential bias with certain questions in the symptom survey that relate
to performance (e.g., difficulty remembering what is read).

Tests

Vision screening
The purpose of the initial vision screening was to identify emmetropes with no
other pathology. Hence, the entire group of students were screened for refractive
status. Visual acuity (VA) was assessed both monocularly and binocularly using the
logMAR-based Sloan letter chart (Precision Vision, La Salle, Illinois, USA) for both
distance (4 m) and near (40 cm). The distance chart was internally illuminated and the
near chart was hand held. Cover tests were performed using the cover-uncover and
alternating technique to detect heterophorias and/or strabismus, followed by ocular
motility in all positions of gaze. The Randot Stereotest (Stereo Optical Co. Inc.,
Chicago, USA) was administered. Binocular perception of a random dot stereogram
(RDS) requires both fusion and bifoveal fixation, as there are no monocular clues
because the stereo figures are embedded in a background of random dots, thus
confirming good alignment of the visual axes and stereovision at the time of testing
and is regarded as an effective screening test for gross detection strabismus and
amblyopia (Cooper, 1979).

Refraction
Non-cycloplegic objective refraction was chosen, as nearpoint testing would
have been impossible at the same session. Objective refraction was performed using
a retinoscope; however ideally, an autorefractor would have been used as per the
previous experiments. However, this equipment was unavailable for use in this
current study. The process of objective refraction was important because screening of
visual acuity is likely to identify only those with myopia or hyperopia associated with
high astigmatism and/or amblyopia; and is not likely to identify those with low to
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moderate hyperopia, who are able to accommodate adequately to gain focussed
vision. Therefore, the binocular use of fogging lenses was used during retinoscopy to
relax accommodation to reveal any small to moderate degrees of hyperopia not
readily detectable using VA tests. Retinoscopy is the most widely used procedure for
objective measurement of hyperopia (Rosenberg, 1991). VA and retinoscopy tests
were performed by an experienced pediatric optometrist. In suspected hyperopes
subjective refraction was performed and distance acuity starting from the largest
letters was repeated with a various plus lenses in an attempt to gradually relax
accommodation and to identify hyperopia.

Exclusion criteria for the current study

The  exclusion  criteria  included  myopia  ≥0.50  D,  hyperopia  ≥1.00  D,  
astigmatism  ≥1.00  D,  anisometropia  >1.50  D  difference  between  the  two  eyes,  a  
history of learning deficiency (LD), attention deficit hyperactivity disorder (ADHD),
strabismus, stereopsis worse than 60 seconds of arc, habitual distance and near visual
acuity equal to or worse than 6/7.5 in either eye, amblyopia (visual acuity between
right and left eyes different by two lines or more or, a bilateral reduction in expected
acuity of at least two lines for both distance and near acuities) and nystagmus.
Of the 247 students screened, 25.5% (n = 63) were excluded from the
binocular vision assessments and CISS components. The excluded students were as
follows: 11.7% with myopia (n = 29, with 16 students with basic myopia and 13 with
myopic astigmatism), 11.7% with hyperopia (n = 29, with 11 basic hyperopia, 5
hyperopic astigmatism, 3 hyperopia and anisometropia, 2 hyperopia with combined
anisometropia and amblyopia, 3 hyperopia and amblyopia, 3 hyperopia and LD, 2
hyperopia and ADHD) and 2% with strabismus (n = 5, with 3 only strabismus and 2
strabismic amblyopia, with no observations of nystagmus).

Administration of the CISS
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The CISS (see Table 21, page 133 of Study 3) was administered to all the
emmetropic students who were not excluded for the reasons mentioned above.
Each of the 15 questions of the CISS was read individually to each student
while the student viewed a printed copy of the response options. Each survey question
was recorded to have one of the following answers on the 5 point Likert Scale; never
(scored as zero), infrequently (scored as 1 point), sometimes (scored as 2 points),
fairly often (scored as 3 points) or always (scored as 4 points). The total score for the
symptom survey was obtained by summing the response points for all 15 questions,
giving a range from no symptoms (zero) to highly symptomatic (60 points) in total.
To avoid any examiner bias, results from the symptom survey were masked to the key
investigator performing the binocular vision assessments (Serap Azizoglu). However,
the key investigator (SA) was aware that any students who had been sent for a
binocular vision assessment had passed the exclusion criteria.

Binocular vision assessments

Binocular vision tests
As discussed in the methodological considerations chapter (Chapter 3, page 52) there
is considerable variability in the literature regarding normative data for binocular
vision tests. This is influenced by various factors including the context and sample in
which these norms were established. This presents a challenge when deciding which
criteria are most effective for diagnosing BVA. On this basis the “American  
Optometric Associations – Optometric Clinical Practice Guideline – Care of the
Patient  with  Accommodative  and  Vergence  Dysfunction” was used (AOA, 2011).
Accommodative and vergence facility was also used as its effectiveness in identifying
binocular anomalies has been shown (see methodological chapter). Assessments
included accommodation and vergence tests (outlined in Table 22).
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Table 22.  Expected  values  for  Accommodation  and  Vergence  testing  (adapted  from  the  “American
Optometric Associations – Optometric Clinical Practice Guideline – Care of the Patient with
Accommodative and Vergence Dysfunction - pg.  35”.    Note  Vergence  facility and accommodative
facility norms are not in the AOA Guideline. All tests below were performed binocularly and for
near (except distance phoria).
Criteria for Diagnosis

Mean

SD

Amplitude of Accommodation (AoA)

16 – (0.25 * age)

2.00

Negative Relative Accommodation

+2.00 D

1.10

Positive Relative Accommodation

-2.25

0.50

Accommodative

4/1

2.00

Diagnosis Criteria (mean, SD and Range)

Normal Binocular Vision

Accommodation Range

Convergence/Accommodation Ratio
Accommodative facility

12 cpm

Failure = Less than 8 cpm

Vergence Tests
Distance Phoria

1 exophoria

2

Near Phoria

3 exophoria

5

Near Point of Convergence

Mean 5 - 8cm
Failure = More than or equal to 10cm
(Abdi & Rydberg, 2005)

Positive Fusional Vergence (BO)
Negative Fusional Vergence (BI)
Vergence Facility

Blur 17, Break 21,

Blur 5, Break 6,

Recovery 11

Recovery 7

Blur 13, Break 21,

Blur 4, Break 4,

Recovery 13

Recovery 5

15cpm

Failure = Less than 8 cpm
(Buzzelli, 1986)

Administration of binocular vision tests
For near fixation, the 6/6 reduced near letters was the target of choice to
always ensure there is an accommodative element to the target. Breaks of at least 30
seconds were taken between tests:
1. The Near Point of Convergence (NPC) and Amplitude of Accommodation
(AoA) were determined binocularly by bringing a single reduced 6/6 Snellen
letter target on a 6 mm fixation stick from a 40 cm distance towards the
patients nose in the midsaggital plane, until the participant reported blur 156

(AoA) and break – diplopia (NPC) or the examiner observed a loss of
binocular fixation, then the examiner moved the fixation stick back at the
same rate, away from the students eyes until the student regained clarity
(recovery for AoA) and fusion (recovery for NPC). The participant was
encouraged to try to keep the target clear and single. Distance to blur was
noted in centimeters starting from the forehead to the target, then converted to
its dioptric value for analysis of AoA. NPC was noted and analysed in
centimeters. NPC breakpoint was measured “from the mid sagittal plane of
the  patient’s  forehead to the nearest half centimeter”  Marran et al, 2006).
Tests were repeated 3 times and averaged. AoA was also repeated
monocularly.
2. Heterophoria measurements were undertaken using the Howell Phoria Card
(Cyclopean Designs, Melbourne, Australia) at distances of 3 m (far) and 33
cm (near) (E. P. Wong et al., 2002). Phoria Cards were presented in primary
position, where the examiner held the near card and the distance card was
mounted on a wall. Dissociation was induced using a 6 dioptre base up prism
in a trial over the left eye. Dissociation was confirmed when they saw two
rows of numbers and two arrows pointing downwards. Students were
instructed to keep the numbers clear and look at the top arrow and report
which number and colour the arrow was pointing to on the bottom line.
Yellow numbers indicate esophoria and blue numbers indicate exophoria with
the corresponding number to the arrow indicating the amount of heterophoria
in prism diopters. In addition, the Accommodative Convergence to
Accommodation Ratio (AC/A) was calculated from heterophoria
measurements using the near Howell Phoria Card at 33 cm determined in the
presence of -2 D, -1 D, 0, +1 D and +2 D lenses presented randomly. AC/A
ratios were plotted separately for the plus lenses and the negative lenses to
assess the difference in response.
3. Positive Fusional Vergence (PFV) and Negative Fusional Vergence (NFV)
ranges (blur/break and recovery) were conducted at near (40 cm) with a
horizontal prism bar whilst viewing a reduced 6/6 Snellen letter target.
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4. Binocular Accommodative Facility (AF) was measured (in cycles per minute)
using ±2.00 D lens flippers while viewing reduced Snellen letters of 6/6 letter
line at 40 cm. The examiner flipped the ±2 D lens flipper whilst instructing
the  student  to  clear  the  blur  as  rapidly  as  possible  and  say  “now”  each  time  the  
blurred letters became clear. After 20 seconds of practice, the examiner
counted the number of responses in the subsequent 60 seconds and converted
to cycles per minute. Binocular Vergence Facility (VF) was measured in a
similar manner for 60 seconds using 12 base-out and 3 base-in flippers.
5. Negative Relative Accommodation (NRA) and Positive Relative
Accommodation (PRA) were assessed using a near visual acuity card situated
at 40 cm with the student fixating the horizontal 6/6 line of Snellen letters.
NRA was measured first, adding plus lenses binocularly in 0.25 D steps in a
trial frame until the patient reported the first sustained blur (the new plus
lenses were inserted before the old plus lenses removed). PRA was assessed
in the same manner by adding minus lenses in 0.25 D steps until the student
reported sustained blur (the new minus lenses were inserted before the old
minus lenses removed). Children were not instructed to close their eyes
during lens changes.

Normal Binocular Vision & Binocular Vision Anomaly (BVA) – Diagnosis

The American Optometric Associations – Optometric Clinical Practice Guideline –
Care  of  the  Patient  with  Accommodative  and  Vergence  Dysfunction” (AOA, 2011)
was used as the basis for classification of NBV and diagnosing binocular vision
anomalies (see Table 23). To be classified as having NBV, the student had to have all
tests within expected mean and SD values from Table 22.
Accommodative infacility was also added as a BVA group, as Garcia et al.
(2000) and Pierce & Greenspan (1971) have shown its relation with general binocular
imbalance (Garcia et al., 2000; Pierce & Greenspan, 1971). Vergence infacility was
also added, as it was considered that dynamic convergence and divergence
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stimulation on the accommodative-vergence system is more representative of a
student looking up and down, from their desk to the board and back to their near task.
Vergence facility has also been suggested to be an important clinical tool (Gall et al.,
1998b).
To be classified as having a BVA, the student had to fail at least one of the
signs from the set of binocular vision tests (Table 22). Those individuals with two or
more signs outside of the normative range but not classifiable into any of the
binocular vision groups (i.e. convergence insufficiency, divergence excess,
accommodative insufficiency  etc.  on  Table  23)  were  grouped  as  ‘miscellaneous’.  
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Table 23. Diagnostic criteria differentiating NBV and BVA, as classified according to the Duane
Classification System* Modified by the American Optometric Association (AOA, 2011).
Criteria for Diagnosis

Failure

Convergence Insufficiency
Exophoria at distance smaller < Exophoria at near greater
Low AC/A Ratio
Receded Near Point of Convergence
Reduced Positive Fusional Convergence

Binocular Vision Anomaly

Divergence Excess
Exophoria at distance > Exophoria at near
High AC/A Ratio
Large Exophoria at distance
Basic Exophoria
Distance Exophoria equals Near Exophoria
Normal AC/A Ratio

X  <  X’
< 2/1
≥  10 cm
Blur < 12
Break < 15
Recovery < 4
X  >  X’
AC/A Ratio >
5/1
≥  3  ∆
X  =  X’
AC/A Ratio =
3-5/1

Convergence Excess
Esophoria at distance is less than Esophoria at near
E  <  E’
High AC/A Ratio
AC/A > 5/1
Divergence Insufficiency
Esophoria at distance greater than near Esophoria
E  >  E’
Low AC/A Ratio
AC/A Ratio <2/1
Basic Esophoria
Esophoria at distance equals near esophoria
E  =  E’
Normal AC/A Ratio
AC/A 3-5/1
Accommodative Insufficiency
Amplitude of accommodation below expected for age using the formula; 16 – (0.25 * age) SD 2
Accommodative infacility
Reduced Accommodative Facility
AF < 8 cpm
Low NRA
<+ 1.75
Normal PRA
-1.75 to -2.25
Normal Amplitude of Accommodation
Below two standard deviations of 16 – (0.25 * age)
Vergence Infacility
Vergence Facility
< 8 cpm
Miscellaneous
Failure of any 2 tests that do not both fit into any of the above
Note: X = exophoria at distance, E = esophoria at distance, X' = exophoria at near, E' = esophoria at
near. *Modified from Duane (1897).
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Data Analysis
Data analysis was restricted to the emmetropic portion of the sample
population, and was screened to identify any anomalies in binocular vision. Means
and SEM are reported, unless otherwise indicated. To control for the high number of
statistical tests the alpha level was adjusted to 0.01 for the entire study, as Bonferroni
adjustments were considered too conservative (Keppel & Zedeck, 1989).
In order to assess group (NBV versus BVA) and sex differences in total CISS
measures, an Analysis of Covariance (ANCOVAs) with age as a covariate was used.
Participants’  who  scored  in  the  lower  and  higher  20th percentiles on each binocular
vision test were also identified and their scores on the total CISS were compared
using a series of t-tests as a means of determining which tests are effective both at
diagnosis of BVA and at predicting severity of symptoms.
Due to the small number of participants in some BVA groups, groups were
merged into four main functionally alike-classifications: NBV, Convergence
Anomalies (CA), Accommodation  Anomalies’  (AA) and a Miscellaneous group
(MA). Differences in total CISS score across the four merged groups was assessed
using an Analysis of Covariance (ANCOVA) with age as a covariate.
Response patterns to individual questions on the CISS were also assessed for
violations of the assumptions of normality. Questions 7, 8, 12, and 13 were found to
grossly violate assumptions of normality and were excluded from all further data
analyses. The relationship between the remaining individual CISS questions were
analysed using Pearson’s  correlations, followed by a factor analysis using Principal
Components Analysis (PCA) with a Quartimax and Kaiser Normalization orthogonal
rotation. Only independent factors with Eigenvalues > 1 were considered. CISS
questions were collapsed into two factors identified by the Factor Analysis by
averaging the responses for questions within each factor (i.e., the 5 ocular discomfort
factor questions and the 6 cognitive consequences factor questions). A MANCOVA
with age as a covariate was used to compare the five merged binocular groups across
the two CISS factors followed by post-hoc analyses using the Tukey b method.
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Results

Of the 247 students screened, 74.5% (n = 184) were emmetropic and met the
inclusion criteria for binocular vision testing. Of the emmetropic participants, 50.5%
(n = 93) were female. There were a higher percentage of participants from primary
school (87.9%, n = 153) compared to secondary school (64.7%, n = 94). The
emmetropes were categorised as having either NBV or a BVA. Eighty-five (46.2%)
students were found to have NBV and the remaining 99 (53.8%) had a BVA when
defined as one failed test. The age (mean ± SEM) for all the emmetropes was 11.28
years ± 0.246, and age did not differ significantly between NBV and BVA, F(3,180)
= 1.75, p = .16.
CISS scores
Of the 184 emmetropic students screened the mean CISS score was 15.63 ±
0.76 (see Figure 16 for frequency distribution). The NBV group had a CISS score of
(mean ± SEM) 11.98 ± 0.81, and the BVA group had a mean CISS score of 19.0
±1.11. The CISS score for the NBV group were significantly lower than the BVA
group, F(3,180) = 13.89, p < .001. There was no significant difference between the
total CISS scores for males and females, t(182) = -.91, p = .37, with a CISS score
(mean ± SEM) of 16.87 ± 1.42 (n = 91) and 18.65 ± 1.39 (n = 93), respectively.
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Figure 16. Frequency distribution of total CISS scores for all 184 emmetropic students.

BVA groups

Of the 99 students with a BVA, accommodative infacility was found to be the
most common i.e., 42.4%, then miscellaneous 16.2%, vergence infacility and
convergence insufficiency had the same frequency of 14.1% each, accommodative
insufficiency was 7.1% and the smallest group was convergence excess 6.1%. There
were no students diagnosed with divergence excess, basic exophoria, or divergence
insufficiency.
Age distribution for the NBV and BVA groups is given in Figure 17. As can
be observed in Figure 17, there are very small mean differences and much overlap in
age between the groups.
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Figure 17. Mean age and 95% confidence intervals for emmetropes. Box plots were chosen to
illustrate that students with accommodative insufficiency had a slightly higher mean age. NBV =
Normal Binocular Vision, CI = Convergence Insufficiency, CE = Convergence Excess, AI =
Accommodative Insufficiency, Ainf = Accommodative infacility, Vinf = Vergence infacility, Misc
= Miscellaneous.
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Binocular vision groups & symptoms

The mean CISS score for each BVA group is shown in Figure 18. In terms of
BVA groups, only the Accommodative infacility (Ainf) CISS score was significantly
higher F(3,197) = 14.23, p < .001) compared to the NBV group.
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CISS score
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Figure 18. CISS score (mean ± SEM) for each of the Binocular Vision Groups with the number of
participants in each group displayed. NBV = Normal Binocular Vision, CE = Convergence
Excess. CI = Convergence Insufficiency, Vinf = Vergence infacility, AI = Accommodative
Insufficiency, Ainf = Accommodative infacility and Misc = Miscellaneous.
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Tests failed & BVA groups

Previous literature has illustrated that in diagnosing BVA, more than one sign
is often used (see Tables 11 through 18). Marran et al. (2006) have shown that more
signs were indicative of more symptoms using the CISS. Table 24 shows the
numbers of students and CISS score (mean ± SEM) for each of the BVA groups
according to the number of binocular vision tests failed. Due to the small numbers of
participants who had two or three failed tests, statistical comparison of CISS scores
based on how many tests were failed was not possible. However, in the convergence
insufficiency group only, it appears that the number of symptoms increased as the
number of failed tests increased. For accommodation anomalies (i.e. accommodative
insufficiency and accommodative facility), it is notable that a high CISS score was
found for students even though they had only one failed test.

Table 24. BV groups identified with frequency of students failing 1, 2 or 3 tests and corresponding
CISS score (mean ± SEM)

Number of Students CISS score (mean ± SEM)

BVA Groups

Convergence Insufficiency
(CI)
Convergence Excess
(CE)
Vergence Infacility
(Vinf)
Accommodative Insufficiency
(AI)
Accommodative Infacility
(Ainf)
Miscellaneous
(Misc)

Total

1 failed test

2 failed tests

3+ failed tests

14

3 (10.0 ± 1.2)

8 (17.0 ± 1.0)

3 (36.0 ± 3.8)

6

5 (13.0 ± 0.9)

1 (19.0)

-

14

14 (13.4 ± 1.5)

-

-

7

7 (21.8 ± 2.2)

-

-

42

38 (22 ± 0.3)

4 (20.3 ± 2.2)

-

16

-

16 (17.4 ± 2.6)

-
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In a clinical setting it is important to select tests that are effective, both at diagnosis of
BVA and at predicting severity of symptoms. In order to determine which tests are
effective both at diagnosis of BVA and at predicting severity of symptoms, the
relationship between the lower 20th percentile and the upper 20th percentile of CISS
scores for all emmetropes (n = 184) on each BV test was examined (see Figure 19).
Figure 19 indicates that abnormal measures on accommodative facility, binocular and
monocular AoA, vergence facility, NPC and PRA seem to be indicative of high CISS
scores. T-tests (Table 25) confirm that CISS scores differ significantly between
participants who score in the highest 20% (most symptomatic) compared to those who
scores in the lowest 20% for these binocular vision tests.

30
Lowest 20%

Highest 20%

Mean CISS score

25
20
15
10
5

Acc Fac

Verg Fac

PFV break

NFV break

NPC break

Binoc Amp
Acc

Mon Amp Acc

PRA Blur

NRA Blur

Plus AC/A

Minus AC/A

NearPhoria

DistPhoria

0

Figure 19. Mean CISS scores for the highest and lowest 20th percentile of binocular vision tests.
Error bars are ±SEM.
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Table 25. T-values, degrees of freedom (df), and p-values for t-tests comparing participants who
scored in the lower and upper 20% of the sample on binocular vision tests. Significant comparisons
are indicated with asterisks (*p < .05, **p < .01)).

Test

t-value

df

p-value

Distance Phoria

-.606

89

.546

Near Phoria

1.368

89

.175

Minus AC/A

-1.791

89

.077

Plus AC/A

.808

89

.422

NRA blur

1.708

90

.091

NRA recovery

1.305

90

.195

PRA blur

2.652

90

.009**

PRA recovery

2.514

88

.014*

Monocular AoA blur

-4.151

90

< .001**

Monocular AoA recovery

-4.242

90

< .001**

Binocular AoA blur

-3.238

90

.002**

Binocular AoA recovery

-3.456

90

.001**

NPC break

-2.650

90

.010*

NPC recovery

-2.480

90

.015*

NFV break

1.519

90

.132

NFV recovery

1.528

90

.130

PFV break

1.896

90

.061

PFV recovery

2.231

90

.028*

Binocular vergence facility

2.161

90

.033*

Binocular accommodative facility

3.764

90

< .001**
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Analysis of the CISS Questions

Mean responses (± SEM) were calculated for each question on the CISS
survey for all emmetropes. Close inspection of individual questions revealed that
over 80% of students with NBV and 50% of students with  BVA  answered  ‘never’  
(scored as zero) for questions Q7 (double vision), Q8 (words move/jump/swim/float),
Q12 (pulling feeling around eyes) and Q13 (words blurring/coming in and out of
focus). Response data from these questions violated the assumption of normality, and
these questions were not included in further data analyses.
A correlation analysis was performed to explore the relationship between the
remaining 11 questions for the current sample (Table 26). This showed significant
low to moderate correlations between questions, suggesting some overlap and need
for factor analyses of the remaining individual question.

Table 26. Correlation Matrix for age and the 11 questions remaining (*p < .01 and **p < .001)
1
1
2
3
4
5

2

3

4

5

6

9

10

11

14

15

AGE

.53**

.42**

.44**

.34**

.30**

.29**

.54**

.51**

.31**

.39**

.06

.46**

.31**

.36**

.25**

.26**

.61**

.53**

.38**

.37**

.13

.26**

.31**

.32**

.18**

.44**

.44**

.27**

.28**

-.07

.34**

.29**

.21**

.29**

.25**

.34**

.39**

.15*

.43**

.33**

.43**

.32**

.52**

.41**

.16*

.44**

.39**

.29**

.51**

.54**

-.06

.29**

.32**

.38**

.40**

-.14

.66**

.36**

.32**

.03

.34**

.34**

-.03

.60**

-.04

6
9
10
11
14
15

.02

AGE
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Factor analysis of CISS questions

To explore whether there were any symptoms that are related clustered
together in a significant manner a factor analysis, using Principal Components
Analysis (PCA), was performed. This analysis sought to assess whether the 11
remaining CISS questions could be statistically grouped together as factors with
similar functional properties, which could ultimately assist in making screening and
diagnosis faster and more efficient.
The analysis identified two independent factors, which collectively explained
56.20%  of  the  variance.    Factor  1  was  named  ‘Ocular  Symptoms’ and explained
43.88% of the variance, and included the 5 questions that related to physical evidence
of ocular discomfort and headache (see Table 27). Factor 2 was termed
‘Attention/Cognitive  Symptoms’,  and  explained  12.32%  of  the  variance.  Factor  2  
included 6 questions that were characterized by reduced attention or memory.

Table 27. Factor allocation of CISS questions from the factor analysis
Factor 1:

Factor 2:

Ocular Symptoms

Attention/Cognitive Symptoms

Q1. Tired Eyes

Q4. Sleepy

Q2. Uncomfortable Eyes

Q5. Lose Concentration

Q3. Headache

Q6. Trouble Remembering

Q10. Eyes Hurt

Q9. Read Slowly

Q11. Sore Eyes

Q14. Lose Your Place
Q15. Re-read same line
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Comparison of Factors Across Merged Binocular Groups
The two factors were compared across the binocular groups. Due to small
group numbers for several BVA groups, functionally alike-classifications were
merged for comparison across factors. For example, convergence insufficiency and
vergence infacility were merged, as they are both related to reduction of the flexibility
of the vergence system. These merged anomalies characterised by reduced vergence
were  termed  ‘Convergence  Anomalies’  (CA).    In  addition,  accommodation  
insufficiency and accommodation infacility, characterised by reduced
accommodation,  were  merged  and  called  ‘Accommodation  Anomalies’  (AA).    The  
convergence excess (CE) group was excluded from all further analyses as this group
included only 6 students and there were no other like conditions with which to merge.
The  ‘Miscellaneous’  (MA)  group  with  sample  size  of  16  was  kept  as  for earlier
analyses.
In terms of the total CISS score (see Figure 20a), an ANCOVA of these
merged groups showed that total CISS scores for those classified as NBV or
Convergence or Accommodation Anomalies or Miscellaneous anomaly differed
significantly, F(3,197) = 14.23, p < .001. Post hoc tests showed that the mean CISS
score for NBV (11.98 ± 0.81) was significantly lower than for the Accommodation
Anomalies (22.0 ± 3.21) and Miscellaneous (17.4 ± 2.6) groups. The total CISS score
for the Convergence Anomalies group (16.13 ±1.54), although greater than the NBV
group, was not significantly different from the NBV, AA and MA groups. Age did not
differ significantly between the four merged binocular groups (AA, CA, MA and
NBV), F(3,180) = 1.75, p = .16.
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Factor Analysis for Merged Binocular groups
The mean score for the CISS questions in each factor were calculated (i.e., the
mean of the 5 questions in the Ocular Symptoms Factor 1 – Figure 20b, and the mean
of the 6 questions in the Attention/Cognitive symptoms Factor 2 – Figure 20c, for the
NBV, CA, AA, and MA groups). See Fig 20 where results are plotted with colourcoded confidence intervals that represent 80%, 95%, and 99% probability that the
CISS score will fall within the indicated range. In this Figure there are also dotted
lines corresponding to the upper value of each confidence interval for individuals with
NBV. These lines can be interpreted as cutoff values for the current sample, scores
above which can be considered with 80%, 95%, or 99% confidence to indicate BVA.

(a)

(c)

(b)

Figure 20. (a) Mean of Likert Score (0-4) for each of the 11 remaining CISS questions for each of
the merged BV groups (circles). (b) Mean of Likert scores for each of the questions (#1, 2, 3, 10
and 11) found to contribute to Factor 1 i.e. Ocular Discomfort questions (squares) for each of the
BV groups, and (c) Mean of Likert scores on questions 4, 5, 6, 9, 14 and 15 contributing to Factor
2 Attention/Cognitive symptoms questions (triangles) for the four binocular vision groups: NBV=
Normal Binocular Vision, CA = Convergence anomaly, AA = Accommodation anomaly, MA =
Miscellaneous. Means are reported with 99% CIs (blue), 95% CIs (red) and 80% CIs (black).
Dotted lines indicate cutoff scores that can differentiate NBV from anomaly groups in the
current sample with 80% confidence (black), 95% confidence (red) and 99% confidence (blue).
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Scores for students in the Miscellaneous Group fell well outside the 99%
confidence interval compared to student with NBV for both factors together. Group
differences were compared across the two factors using a MANCOVA, which
revealed significant main effects for both the factors. For questions relating to
‘cognitive  symptoms’,  students  in  the  accommodation  and  miscellaneous anomalies
group scored significantly higher than students with NBV, F(3,179) = 10.89, p < .001.
Students in the convergence group did not significantly differ from the remaining
groups for cognitive questions; however, they did score significantly higher for ocular
discomfort questions than student with normal binocular vision. For the ocular
discomfort questions only students in the miscellaneous group significantly differed
from NBV, F(3,179) = 7.09, p < .001. As a quick clinical vision screening, the six
cognitive symptoms questions are likely to identify both students with
accommodation and miscellaneous anomalies, and most students with convergence
anomalies (i.e., the results suggest that it is highly probable that young individuals
with an average score above 1 on these six sub-questions have either an
accommodation, or both an accommodation and convergence problem).

Discussion
The results of this study indicate that 58.3% of emmetropic school students
showed at least one anomalous binocular vision test result and so were classified as
having a BVA. The CISS has also been shown to be a valid instrument for
differentiating emmetropic students later diagnosed as having NBV or a BVA. In
terms of the ability of individual binocular vision tests to identify symptomatic
students having a BVA five tests were effective- low accommodative facility, receded
amplitude of accommodation, low vergence facility, receded near point of
convergence and low positive relative accommodation. There were four questions in
the CISS for which most participants scored zero, and the responses for which were
not normally distributed, therefore these questions were not included in further
analysis. A factor analysis on the remaining 11 questions revealed that these
questions grouped into two factors: Ocular Discomfort questions and
Attention/Cognitive Symptoms questions. Ocular Discomfort questions differentiated
NBV and the miscellaneous group, whereas the Attention/Cognitive Symptoms
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questions significantly differentiated NBV and student with reduced accommodation
and miscellaneous anomalies. Interestingly, these results suggest that the six
questions associated with the Attention/Cognitive Symptoms Factor and the five
binocular vision tests are probably sufficient to identify student likely to be
symptomatic and meet the criterion for a BVAs that may impede academic
performance.

Prevalence of BVA in middle school age populations

Although 53.8% of the emmetropic students in this population were diagnosed
with a BVA we cannot provide an indication of general prevalence of BVA in school
aged student, as we did not screen for binocular status in the excluded students. Other
studies have shown 32.3% of 2nd year university students with a binocular dysfunction
(Porcar & Martinez-Palomera, 1997) and 39.2% of primary school student to have an
inadequacy in at least one binocular vision test (B. Junghans et al., 2002). As has
been shown previously, (Junghans et al. (2002) (M. W. Rouse et al., 1999) prevalence
figures for impaired BV is directly related to the number of diagnostic criteria
selected. Junghans et al. (2002) showed that the prevalence decreased to 11.4% with 2
failed signs, 2.1% with 3 failed signs, and 0.3% with 4 failed signs. Similarly, a study
specifically on CI found that 8.8% had highly suspected CI (exophoric at near and
two clinical signs), while 4.2% had definite CI (exophoric at near and three clinical
signs) (M. W. Rouse et al., 1999). Another study similar to the current study that
looked into the binocular vision status of emmetropic school student reported a
prevalence of BVA of ~23%, while only 34.3% had NBV (Marran et al., 2006).
Unfortunately no indication of the binocular status of the remaining 42.7% has been
provided.
The  current  study  found  the  CI  group’s  mean  CISS  score  was  19.4  SD 12.4
(CI with one failed test had a mean CISS score of 10 SD 2.0, while those classified as
CI with two failed tests had a mean CISS score of 17 SD 2.9 and CI with three failed
tests had a mean CISS score of 36 SD 6.6) (note that standard deviation values are
given in this paragraph for comparison purposes with other published data that have
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also given SD values). It is clear that those who are most symptomatic in the current
study also show the most evidence that they have CI. In the CITT studies, the mean
CISS score for student with CI was 29.8 SD 9.0 (aged 8 – 15 years) (M. Rouse,
Borsting, Mitchell, Cotter, et al., 2009) and 30.8 SD 8.4 in an earlier study on student
(E. Borsting et al., 2003) and 37.3 SD 9.3 in an adult group with CI (M. W. Rouse et
al., 2004). The CITT studies required below normal performance on 3 binocular
vision  tests  (exophoria  at  near  ≥  4  ∆  greater  than  at  far,  minimum  normative positive
fusional  vergence  of  15  ∆  BO  break  and  a  near  point  of  convergence  ≥  6  cm)  to  
diagnose CI in student (E. J. Borsting et al., 2003) and adults (M. W. Rouse et al.,
2004).
An additional aim of the current study was to determine whether the CISS
would also be useful in augmenting a diagnosis of a binocular accommodative
anomaly. Accommodation anomalies are more infrequent in prevalence data
compared to CI. Studies available from clinical populations suggest that
accommodative anomalies range in prevalence from 2% in a paediatric population
(Scheiman et al., 1996), to 6.2% in college students (Porcar & Martinez-Palomera,
1997) and from 3% (F. Lara, et al., 2001) to 9.2% (Hokoda, 1985) in adults. In our
emmetropic sample, only 7 individuals (3.8% of emmetropes) were diagnosed with
AI, however, we cannot comment on whether there were any with AI in our excluded
student. Intriguingly, there were many students with accommodation infacility (n =
42), indicating that rapidly changing their accommodation and concurrently managing
the vergence function was bothersome.
The group of students with primarily accommodation based anomalies
generally scored higher on the CISS than the CI group average. It appears that the
accommodation system needs less dysfunction in order to lead to similar degrees of
symptoms as that seen in CI with 2-3 failed tests. Indeed, our results are also
consistent with the CISS developer, where a small but significant correlation between
symptom scores and accommodative amplitude (r = -0.24) (E. J. Borsting et al., 2003)
was found. The current study showed that accommodative facility, a dynamic test
forcing large repeated jumps of accommodation, was the best discriminator of
symptoms. In a recent study of accommodation function, a significant interaction was
also shown between symptomatic and asymptomatic groups over time (Tosha,
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Borsting, Ridder, & Chase, 2009). It was found that the asymptomatic subjects had
stable accommodation responses over a 2-minute continuous recording, whereas
symptomatic subjects showed accommodative fatigue and a doubling of their lag
(Tosha et al., 2009). A significant correlation between objective measures of
accommodative lag with symptoms has also been shown using the Conlon Visual
Discomfort Survey (Chase, Tosha, Borsting, & Ridder, 2009), with lag strongly
correlating with symptoms of headaches, sore eyes and blur (Conlon, 1999). Of most
concern, and highlighting the importance of detecting binocular anomalies, is the fact
that a history of academic underachievement has been documented in individuals with
binocular dysfunction (Shin et al., 2009).

Choice of Tests
Of the battery of tests used in the current study, five tests were effective at
determining symptomatic students. These binocular tests included accommodation
facility, amplitude of accommodation, near point of convergence, vergence facility
and positive relative accommodation. Accommodation facility, proved to be the best
discriminator of BVA and higher CISS scores. Similar findings have been published
by others (Garcia et al., 2000; Levine, 1985). This is particularly interesting as the
AOA Guideline for binocular vision assessment does not include accommodative
facility  in  their  ‘Classification System – on their Table 1, on pg. 7’ (AOA, 2011)
Accommodative facility and amplitude of accommodation, along with
fusional vergences for near and far, have previously been shown to be sufficient to
diagnose BVA without the need to test relative accommodations (Saladin, 1998),
indicating that either relative accommodation or fusional reserves can be likened to
doubling data. Others have shown in young adults that vergence flippers are also
effective at identifying symptomatic individuals, where using 3BI-12BO flippers,
where symptomatic individuals had 8.7 ± 5.8 cpm and control group had 16 ± 2.6
cpm (Gall et al., 1998b).
Low accommodative facility, measured with ± 2.00 D flip lenses, has also
been shown to be reliably associated with symptoms in young student, where those
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who have accommodative facility 1 SD below the mean binocularly (3 cycles per
minute - cpm) or monocularly (6 cpm) are predisposed to have asthenopic symptoms
(Hennessey et al., 1984). Even when expanded to include the suspect category
(between 3 and 8 cpm binocularly or between 6 and 11 cpm monocularly), they found
that there is evidence that symptoms are likely to be present. The current study was in
agreement with previous studies; in finding that students diagnosed with
accommodation infacility after failing the accommodation facility test were most
symptomatic of all binocular vision groups. Levine (1985) performed
accommodative facility testing in symptomatic populations and found a trend towards
improved facility as symptom levels improved via therapy (Levine, 1985). On the
other hand, others have not found any significant difference between the presence of
symptoms and accommodation facility (Siderov & DiGuglielmo, 1991). The
difference in results between the Levine (1985) and (Siderov & DiGuglielmo, 1991)
study may be due to the latter study participants being close to presbyopic age.
Accommodative facility has also been shown to be predictive of successful reading
performance in 7 year old student (Kulp & Schmidt, 1996) suggesting that this is a
very useful test and deserving of inclusion in all testing protocols.
Many studies assessing general binocular vision have not included relative
accommodation measures (Daum, 1983a; Matsuo & Ohtsuki, 1992; Russell & Wick,
1993), or compared relative accommodation to symptoms. Therefore there is little
with which to compare the results of the current study. The reason may be that PRA
and NRA are simply alternate methods for deriving information that has already been
obtained to some degree in another form, such as through fusional reserves. A low
PRA may represent an impaired ability to exert accommodation or it may be found in
patients with esophoria or limited negative fusional vergence capabilities (Goss,
1986). Low NRA findings may be associated with reduced ability to relax
accommodation, exophoria, or reduced positive fusional vergence (Goss, 1986). This
study included all the relative accommodation and fusional vergence tests and found
that PRA was most useful as it negatively correlated with symptoms. Comparatively,
a sensitivity analysis by Garcia et al. revealed that high PRA was the most sensitive
sign in patients with convergence insufficiency combined with accommodative
excess, and one of the most sensitive signs for subjects with accommodative excess
(0.72) as well as for those with convergence excess combined with accommodative
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excess (0.70) (Garcia et al., 2002). By comparison a later study by Sterner et al.
found that PRA does not show a discriminating potential for diagnosing
accommodation insufficiency (Sterner et al., 2006). The current study also failed to
find that NRA is associated with symptoms. However low PRA was associated with
high symptoms deeming PRA a useful test here.
The current study performed a range of binocular vision tests and found that
five tests were most effective at determining symptomatic students. These tests
include accommodation facility, amplitude of accommodation, near point of
convergence, vergence facility and positive relative accommodation. Accommodative
facility and amplitude of accommodation, along with fusional vergences for near and
far, have previously been shown to be sufficient to diagnose BVA without the need to
test relative accommodations (Saladin, 1998), indicating that either relative
accommodation or fusional reserves can be likened to doubling data. Others have
shown that vergence flippers are also effective at identifying symptomatic individuals,
where using 3BI-12BO flippers, symptomatic individuals had 8.7 ± 5.8 cpm and
control group had 16 ± 2.6 cpm (Gall et al., 1998b). However, these were young
optometry students and staff, therefore their data may be above the general
populations.

Clinical value of CISS
A factor analysis on the 11 statistically analysable CISS questions revealed
that the questions could be grouped into two factors: Ocular Discomfort Questions
and Attention/Cognitive Symptoms Questions. The questions related to ocular
discomfort, significantly differentiated students with NBV and reduced vergence.
Vergence can be thought of as a mechanical process of moving the eyes generally
inwards to fixate on an object and the mechanical movement seems to be related to
symptoms that are essentially strain related, such as tired/sore/hurting/uncomfortable
eyes and headaches. Interestingly, the students diagnosed with reduced
accommodation and miscellaneous BVAs were significantly different from NBV on
the attention/cognitive symptom questions. This indicates that when the maintenance
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of clear vision becomes difficult and requires conscious thought, then there must be a
break in concentration causing the student to notice symptoms such as loss of place,
trouble remembering, reading slowly, re-reading same line and sleepiness. In terms
of academic relevance, it seems that a problematic accommodation system would be
more troublesome in terms of academic performance than convergence per se.

Limitations

The inability to provide prevalence of BVA data for the entire sample reduces
the epidemiological value of the research. A larger sample would also have aided in
diagnosing more individuals with particular BVAs making statistical analysis of each
test with the refined symptom scores possible. An IQ test or academic test would have
been ideal to separate out less able students or those from the lower academic levels.
Instillation of cycloplegics would have definitely helped identify students with latent
hyperopia. However, there were 2 reasons for us not being able to administer any
drops. Firstly, due to school principles unwillingness for involvement in the study if
cycloplegics were administered as they wanted students to proceed with school
activities straight after screening, and secondly due to the time restraints to carry out
the vision screening in one session which would have been impossible if cycloplegics
has been administered.

Conclusion
This study is important in that it highlights a number of issues critical to
clinical judgments. Firstly, approximately half of the students in this population with
emmetropic refractions do not good binocular function and fail at least one BV test
indicating that clinical and screening assessments should always investigate binocular
systems, to exclude BVA. Secondly, a minimum of 5 tests should be administered to
identify the presence of symptoms and accommodation facility in particular.
Additionally, as a quick screening tool, the six cognitive symptoms questions are
likely to identify both students with accommodation and mixed anomalies, and most
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students with convergence anomalies. These results need to be re-evaluated in other
refractive states and in a clinical environment where cycloplegic assessments are
possible.
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Chapter 8: General Discussion
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The aim of this thesis was to investigate the effects of environmental
influences  on  children’s  visual  development.    Four  studies  were  undertaken  to
examine the relationship between refractive status and associated visual discomfort of
school children ranging in age from primary to secondary school. The findings have
added to the literature on prevalence of refractive errors in a migrated ethnic
population and the influence of SES on refractive distribution in a similar locale.
However, more importantly, the findings have revealed the high prevalence of
reported visual and cognitive discomfort in non-selected populations of school
children. These findings have also provided a link with aetiology of visual symptoms
that are primarily associated with accommodation and/or convergence dysfunction
and less with refractive error per se. The tool chosen to elucidate the nature of the
symptoms was the Convergence Insufficiency Symptom Survey (CISS). The CISS
has been analysed as to its usefulness in identifying a child with visual symptoms,
irrespective of refractive status. Furthermore, links have been established between
high scores on the CISS and particular clinical tests of binocular function that are
most likely to be failed by the child, and particular factors associated with asthenopia
and educational performance.
The major results will be discussed in three sections: i) educational lifestyle
factors driving refractive visual status, ii) functional visual status and asthenopia, and
iii) public health implications and future directions.

Refractive status

The Literature Review in this thesis outlined current knowledge relating to
environmental influences affecting refractive status. It also indicated the need for an
in-depth examination of refractive status in a generation of post-migration children
coming to Australia from a country of origin that has traditionally had a low
prevalence of refractive myopia. Thus the first study aimed to examine the
prevalence of refractive errors in second-generation children of Middle Eastern
background educated in metropolitan Melbourne, Australia.
It has previously been hypothesised that general lifestyle (B. M. Junghans &
Crewther, 2005) is a more important variable in the development of refractive errors,
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than the more commonly theorised factors of ethnicity and hours per day of outdoor
play (Ip, Rose, et al., 2008; L. A. Jones et al., 2007; Khader et al., 2006; K. A. Rose et
al., 2008). Thus Study 1 was designed to investigate whether school-associated
lifestyle is a potential factor in the development of refractive errors. To investigate
this hypothesis, a vision screening was performed to investigate refractive status of
second-generation Australian students of predominantly Middle Eastern background,
and the results were compared with published normative Australian data (Junghans &
Crewther 2005). The results indicated that the prevalence of myopia (SER  ≤  -0.50
DS) in school children from Middle Eastern backgrounds living in Melbourne
Australia, but demonstrably maintaining ethnic cultural ties within the school setting,
was 14.9%. This figure is remarkably similar to that previously reported for other
Australian students of similar age but predominantly Caucasian background living in
Sydney, of 11.9% (Ip, Huynh, et al., 2008b) and 14.7% (B. M. Junghans & Crewther,
2005). This prevalence of myopia is at least double the prevalence in similar aged
children living in the Middle East (Khandekar & Abdu-Helmi, 2004). Thus this first
study adds value to the environmental rather than genetic explanation of development
of myopia, by emphasising the dominance of the school environment in a particular
country, over the influence of ethnic background. These results are also consistent
with findings from other countries. A similar increase in myopic prevalence has
previously been reported for children of Indian ethnicity living in Singapore (H. M.
Wu et al., 2001) where prevalence is significantly higher than in India. The reverse
prevalence shift can also be seen with a reduction in the prevalence of myopia
reported for ethnic Asians migrating to Western countries where the prevalence is
generally lower than in South East Asia (Kleinstein et al., 2003) and anecdotally the
intensity of schooling is likely to be less.
In light of the effects of educational lifestyle on myopia development, despite
maintained cultural and ethnic links, found in Study 1, Study 2 examined the refractive
distributions for two similarly aged populations of school children of similar ethnicity
living and attending school in the same urban locale of metropolitan Istanbul, but
strategically chosen as coming from opposite ends of the two socioeconomic extremes
of the population. This study was based on previous studies suggesting
socioeconomic factors (G. Amigo, McCarthy, & Pye, 1976; Angle & Wissman, 1980)
have an influence on the development and management of refractive errors (Zhao et
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al., 2000). Myopia was found in 10.5% of students in the private school but in only
6.5% of students in the government school. It was assumed that in large cities, strong
parental pressure for academic success is likely to be common, with the major
difference between the two groups being the opportunities that come with
substantially greater financial freedom and years of schooling. For example, all
children in the private school attend 3 years of preschool, and from the first grade of
primary school onwards are required to carry personal laptops and play
extracurricular sport. Whereas, children from the government school (which was
located across the road from the private school) come from the same ethnic group and
cover the same curriculum, but have only one year of pre-school, do not have an
organised sports program until year 3, and are unlikely to have individualized access
to computers.
In considering the possible sources of the different prevalence rates at the two
schools, one must note the epidemiological literature that indicates that the prevalence
of myopia increases with age and years spent at school (Carly SY Lam & Goh, 2009).
In Study 2, a comparison of the age difference reveals that the children at the private
school were on average 1 year younger, yet the prevalence of myopia was 4% higher
than the ethnically similar population of children attending the local government
school.
Study 2 also reflected on recent suggestions that extended outdoor exposure
has a modulating influence upon the development of myopia (Sherwin et al., 2012).
The two schools were in the same area of metropolitan Turkey but the private school
provided compulsory extracurricular sporting activities from first year at school while
the government school only introduced organised sporting activities beyond Grade 3.
These figures regarding sporting activities may suggest that the government school
children had fewer hours of overall outdoor exposure, however we do not have
information about how many hours were otherwise spent outside. Further
investigation is required to clarify the influence of this factor on myopia development.

This study suggested that introduction of intense nearwork at very close
working distances (Y. Wang et al., 2013), and access to computer (M. Rosenfield,
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2011) and digital devices (Straker et al., 2008) at an earlier age becomes a likely
factor that could lead to earlier and greater prevalence of myopia in the private school
students (Iribarren et al., 2001). Interestingly, financial advantages increase the
likelihood of greater use of handheld devices both for learning and perhaps more
intensely, for leisure, further adding relatively unknown intense time-demands on the
visual system. In the future it would be interesting to investigate whether the
refractive distributions of private and government school students equalize by the
time they reach university entry, where nearwork demands are similar and years of
schooling are more nearly equal.

Functional vision status

Although development of myopia has been the focus of most epidemiological
studies of refractive status in children and young adults (H. Blum, Peters, & Bettman,
1968; Borish, 1975; Ciner et al., 1998; Hirsch & Weymouth, 1991; B. M. Junghans &
Crewther, 2003; Saw, Tong, et al., 2005) the majority of primary school children
worldwide are mildly to moderately hyperopic (B. M. Junghans & Crewther, 2005; I.
G. Morgan et al., 2010; A. Yekta et al., 2010). From an educational point of view,
uncorrected hyperopia is also considered to be a greater risk factor for learning than
myopia (C. Williams, Northstone, Harrad, Sparrow, & Harvey, 2003). Indeed,
reading has also been shown to be negatively affected by binocular vision anomalies,
where 16 out of 18 children diagnosed as dyslexic showed marked improvement in
reading ability after being prescribed proper refractive correction, bifocals or prisms
(Motsch & Muhlendyck, 2000).
The link between educational performance and uncorrected refractive errors is
based on the assumption that prolonged nearwork is likely to be visually more
stressful for hyperopes than for myopes. It is known that the accommodation required
for physiological correction of hyperopia also drives the vergence system to shift to
prevent diplopia. Past research (Rainey, Goss, Kidwell, & Feng, 1998) has shown
that for every dioptre of accommodation, there is approximately 3-4 prism dioptres of
convergence (Mutti et al., 2000), and the AC/A ratio is influenced by refractive error
(Rosenfield & Gilmartin, 1987). For example, a child with 3 D of uncorrected
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hyperopia would be exerting approximately 9-12 meter angles (MA) of convergence
at distance alone due to their attempts to compensate for their refractive error, when
the value should be close to zero as the visual axes needs to be parallel. To
compensate for this accommodation-driven convergence, the child will initially need
to exert constant negative fusional vergence to maintain their binocular fixation and
foveal vision on the image of interest (assuming that these negative reserves are
available in sufficient quantity). When the negative fusional vergence system tires, an
over-convergent state may manifest as an esotropia, and sensory adaptive strategies
will have to be adopted to avoid diplopia. Furthermore, the compensatory muscular
effort is likely to initiate muscular strain and ocular discomfort and lead ultimately to
a recognisable pattern of symptoms  as  reflected  by  the  students’  own  perceptual  
understanding of their symptoms, reflected in the CISS results in both Study 3 and
Study 4.
Thus the primary purpose of Study 3 was to investigate the relationship
between refractive status and reported symptoms of visual comfort while undertaking
educational activities. This required the use of a survey to standardise history taking
and scoring of potential symptoms.
A number of surveys have been developed over the last few years to quantify
the impact of vision anomalies on quality of life (Erickson et al., 2004; Pesudovs et
al., 2004; Vitale et al., 2000; Walline et al., 2000). This thesis chose to use the CISS,
which was specifically designed and validated by the Convergence Insufficiency
Treatment Trial (CITT) study group (E. J. Borsting et al., 2003; Borsting et al., 1999)
to quantify symptoms of convergence insufficiency so as to be able to measure the
outcomes of convergence insufficiency treatment rather than to explore the existence
of general binocular vision problems. Even so, the CISS was hypothesised to be
adequate for the assessment of general asthenopia due to a binocular anomaly or an
uncorrected refractive anomaly, given that all accommodation and vergence responses
are tightly coupled and influenced by refraction (see Figure 2, page 57 of
Methodological Considerations chapter).
It was found in Study 3 that a surprisingly high number of Australian children
(~45%) in an unselected population, both with and without clinically defined
refractive error, reported a significant number of symptoms of ocular discomfort. As
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hypothesised, children with moderate to high hyperopia reported significantly more
symptoms indicative of visual discomfort than did children with emmetropia or
myopia. The findings indicated that the children with refractive hyperopia had a
mean CISS score (and standard deviation) of 27.7 SD 6.5, while refractive
emmetropes recorded a mean CISS score of 16.3 SD 10.9, and myopes reported a
mean CISS score of 14.9 SD 9.0. Not surprisingly, as the CISS questions focus on
visual comfort during near activities, the number of symptoms reported by hyperopes
was proportional to the level of hyperopia, providing evidence for the hypothesis that
the CISS can be usefully employed as a tool to screen children, especially hyperopes,
for asthenopia. The fact that the amblyopes recorded the highest number of
symptoms (CISS score ~24-36) also suggests that the CISS may be a useful tool for
screening for binocular vision anomalies.
As an aside, the Istanbul-based vision screenings from Study 2 showed that
the prevalence of amblyopia detected was 3 times higher in the government school
(6.14%) than in the private school (2.01%). These figures may suggest that better
socioeconomic circumstances facilitate earlier treatment of amblyopia, however
strabismus prevalence seems to be similarly low across groups (1.5%), suggesting that
the cosmetic anomalies are treated more promptly. Prevalence of strabismus is
estimated to be between 1.6 to 3.6% of the population (Hillis et al., 1983; K. Simons,
1996), with variability around the world, with 0.9% in Oman (Lithander, 1998),
1.28% in Japan (Matsuo & Matsuo, 2005), 2.3% in Denmark (Vinding, Gregersen,
Jensen, & Rindziunski, 1991), and 3.3% of Caucasian American children and 2.1% of
African American children (Friedman et al., 2009) (see Table 2 on page 20 for further
prevalences of amblyopia and strabismus). Of concern is that school children with
amblyopia are symptomatic (Study 3), indicating that amblyopia detection and
treatment before school entry would be beneficial in minimizing the consequences of
visual discomfort and poor attentiveness and application during school by children
experiencing asthenopia. Early detection is even more important considering
treatment success for amblyopia is best before 8 years of age (Lithander & Sjostrand,
1991).

An important finding of Study 3 was the relatively high mean CISS score (of
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approximately 16) for emmetropes in a sample of Australian primary school students.
As emmetropia is considered to be the gold standard refractively, emmetropes are not
generally expected to be visually symptomatic and as the CISS survey was designed
to detect a convergence insufficiency anomaly, emmetropes were expected to be
closer to the normal binocular vision state. However, when comparing the
emmetropes’  CISS  scores  in  Study 3 to  the  developers’  NBV  means,  it  is  clear  that  
there  is  more  to  an  emmetrope’s  visual  comfort  than  the  expected  perfect  refractive  
state. The mean CISS score of 16 found for emmetropes in Study 3 slightly exceeded
the upper bound (14.8, i.e. mean 8.4 + one standard deviation 6.4) found by the
developers for those with NBV in a clinical population of children (E. J. Borsting et
al., 2003). Hence Study 4 was designed to investigate whether there is a physiological
basis for why such a high proportion of young primary school age children reported
symptoms of ocular discomfort. We hypothesized that as emmetropes do not have a
refractive anomaly, binocular vision problems are the most likely cause of ocular
discomfort.
Study 4 aimed to investigate whether the symptoms reported by children with
emmetropic refraction using the CISS, could be related to BVA. An important finding
of Study 4, consistent with that in the Study 3 population, was that asthenopia was
common in the emmetropic non-clinical school population. We cannot comment on
the prevalence of BVA in the overall school population, as we did not perform
binocular vision tests on children who were excluded due to ametropia. However, the
study revealed that the occurrence of BVA is high in emmetropes, with 53% failing at
least one clinical test of binocular function. This is indicative of poor binocular
teamwork and was most often was associated with accommodative infacility. This
finding is in accordance with previous studies that have also found a high prevalence
of symptoms in school children around the world, suggesting that between 15-47% of
unselected children report symptoms upon questioning (Abdi et al., 2008; Ip et al.,
2006; Sterner et al., 2006) (See Table 3 on page 15 for BVA prevalence data).
Not unexpectedly, Study 4 showed that the prevalence of BVAs is directly
related to the number of diagnostic criteria selected. For instance, when the criterion
of more than one sign was employed, then the prevalence of BVAs decreased to only
~13% of the entire population screened, indicating that there is a proportional
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decrease in the prevalence of BVA with increase in symptoms. This finding concurs
with that found for another sample of Australian school children who also had a
comprehensive functional vision screening (B. Junghans et al., 2002). Similarly, a
study specifically on CI found that 8.8% had highly suspect CI (exophoric at near and
two clinical signs), while 4.2% had definite CI (exophoric at near and three clinical
signs) (M. W. Rouse et al., 1999).
Our prediction that students with BVA would be more symptomatic than those
with NBV was confirmed. In the current study it was shown that when emmetropic
individuals were separated as having either NBV or a BVA, there was a significantly
increased incidence of symptoms in students with BVA (mean = 19.2 ± 10.7)
compared to those with NBV (11.4 ± 8.0).
In addition, a further aim was to establish whether certain clinical test
outcomes were more related to symptoms. The results have shown that high symptom
scores are best predicted by poor outcomes on four tests: accommodative facility,
amplitude of accommodation, near point of convergence and positive relative
accommodation.
Interestingly, some children did not fit into any of the standard BVA
classifications. However, this is not uncommon and has also been shown in another
binocular vision study (Marran et al., 2006). Not surprisingly, given the increasing
demands for nearwork with increasing age, the current study found a trend for the
older children to be more likely to have accommodative insufficiency. This may be
linked to the fact that long hours of nearwork demands increase with years of
schooling and age, however this needs future investigation.
It is important to note that the CISS score (mean ± SD) for NBV in the current
study (11.4 ± 8.0) is similar to that previously shown by the CITT group for children
with NBV (10.4 ± 8.1) (Rouse et al., 2009). Rouse et  al.’s (2009) finding for NBV
children was also slightly higher than in their earlier unmasked study on school
children (8.1 ± 6.2) (Borsting, 2003). Our CISS score for the NBV group is closer to
the CITT adult data (19-30 yrs), which showed a slightly higher CISS mean score of
11.0 ± 8.2 for those with NBV (M. W. Rouse et al., 2004). Hence, the current study
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has corroborated use of the CISS in Australian populations of school children in a
manner similar to the use of the CISS by the CITT group.
In the current study, n = 62 out of 85 (72.9%) with NBV scored < 16 on the
CISS, which is slightly lower than the 83% with NBV originally found in the CITT
(Rouse et al.,  2009)  and  87.5%  found  in  Borsting’s  original  unmasked  study  (Borsting
et al., 2003). Interestingly, one could wonder about aetiology of symptoms in the
individuals with NBV who had CISS scores equal to or above 16, but who did not
show signs of either accommodative or convergence anomalies at the time of testing.
It would be of interest to explore whether they would show signs of binocular
anomaly after prolonged testing, especially accommodative and/or vergence facility
testing. It is possible that these students return normal BV test results given that the
tests only challenge the visual system for relatively short periods and that symptoms
usually manifest after more prolonged periods of nearwork, e.g. when reading for
prolonged periods. Similar ideas have been previously reported by Tosha, Borsting,
Ridder and Chase (2009), who found that individuals can initially display normal
accommodation response curves, while large accommodative lag and unstable microaccommodation only appeared after prolonged nearwork. In addition, it needs to be
considered whether those who are symptomatic with no visual anomaly, and
consequently diagnosed as having NBV, may actually have other anomalies that are
academic or neurologic in origin which generate the symptoms. Relatedly, in the case
where BVA is diagnosed, there may be a need to supplement management of the
BVA with multidisciplinary approaches to addressing symptoms and their academic
consequences.
Differentiating whether the higher CISS scores can be attributed specifically
to  responses  on  the  ‘ocular’  or  the  ‘cognitive’  subgroupings  of  questions,  as  described  
in the factor analysis of this study, may assist in elucidating the potential source of the
symptoms. Further investigation of the usefulness of each individual question in the
CISS would be worthwhile for two reasons. First, there is a potential duplication
factor. Does every question provide unique information to the practitioner? If not,
then the questionnaire can be simplified by reducing the number of questions, hence
resulting in gaining considerable time. Analyses of the current data have suggested
that some questions (including questions Q7- double vision, Q8 - words
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move/jump/swim/float, Q12 - pulling feeling around eyes and Q13 words
blurring/coming in and out of focus) might not be discriminative for BVA.
Factor analysis of the remaining 11 questions revealed that questions more
associated with attention/cognitive symptoms factor were better predictors of
binocular anomalies, especially accommodation and miscellaneous anomalies. The
results of the factor analysis provoke interesting questions regarding what is
underlying these groupings. Speculatively, it may be possible that children score more
highly on attention/cognitive questions because they are better able to describe
symptoms relating to behaviour and academic performance than ocular symptoms.

Public Health Implications & Future Directions
There are three aspects covered by this thesis that relate to public health
delivery: indications for the correction of hyperopia, the use of questionnaires to
elaborate and standardise current history taking practice, and the elucidation of
functional binocular vision problems as part of school screening programs.
First, eye care professionals are currently divided on the need to correct mild
to moderate hyperopia, even in the presence of symptoms (Gil-Gouveia & Martins,
2002; Ip et al., 2006; Sterner et al., 2006). As alluded to earlier, there is a theoretical
assumption that the young accommodative system is able to effortlessly compensate
and hence there is no need to manage even symptomatic low-medium hyperopia.
However, what is usually not considered is that an uncorrected hyperope needs to
accommodate to see clearly irrespective of the distance of the object of regard, which
will have flow on effects on the convergence system. Anecdotally, clinicians who do
correct in the presence of symptoms have made the association between asthenopic
symptoms (e.g. eyestrain, nearwork-associated headaches, double vision) and
uncorrected refractive errors, including low degree astigmatism (Stark et al., 2003).
Unfortunately there is no meta-analysis of the very few well-designed studies
examining whether optical correction for low-medium hyperopia is clinically
appropriate (Optometric Clinical Practice Guideline - Care of the patient with
hyperopia, 2008), although this does suggest that asthenopia can be a sufficient reason
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to prescribe for a hyperope. However, this is not generally accepted. A recent
epidemiological study noted that 4.4% of 1765 children around 7 years of age were
wearing spectacles and that among these children, 33.8% were noted to be wearing
spectacles  with  ‘no  significant  refractive  error’  (although  the  mean  prescription  for  
this 33.8% of spectacle wearers was +1.25 DS) (Robaei et al., 2005). Interestingly
they  concluded  that  “The  higher frequency of reported general symptoms such as
headaches,”  “blurred  vision,”  or  “sore  eyes,”  together  with  “learning  difficulty  at  
school”  prior  to  the  prescription  of  spectacles  in  wearers  than  non-wearers, suggests
that some eye-care practitioners may be more influenced by these symptoms than
examination  findings”.    A  further  study  of  2367  school  children  around  12  years of
age by the same authors (Robaei et al., 2005) found that 19.0% wore spectacles, of
which  38.3%  were  for  “non-optical”  reasons. Unfortunately no data has been
reported indicative of investigation into whether the spectacles helped to relieve
symptoms.
The reconsideration of the adequacy of refractively driven prescription
practices may be forced on clinicians with the rapid increase in young children
spending considerable time playing intensely with electronic handheld electronic
devices (Straker et al., 2008), less than 33 cm away from their eyes, even as close as
20 cm (Y. Wang et al., 2013). Such a situation will require any uncorrected
hyperopic child to exert not only the accommodation required to counter their
refractive error, but also an additional 3-5 D of accommodation to see clearly at these
short distances. Such devices push accommodation and therefore also vergence to
new limits by virtue of their small design, and particularly their appeal to children of
all ages. It is well accepted that the younger the child, the shorter the working
distance imposed by their smaller stature and hence the greater demand on
accommodation. Thus, it would appear that the demands on the accommodativevergence system of even quite young children are increasing. One could question
whether  this  shift  in  the  nearpoint  experience  and  the  role  of  ‘near-point  stress’  in  
driving refractive status is being factored into the management habits of practitioners.
Further study of this dimension is becoming more urgent with the rapid movement of
handheld devices into almost every sphere of human endeavour.
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Second, this thesis has clearly shown that administration of the CISS by a
school teacher in a classroom setting (Study 3) does yield valuable information
regarding whether students would benefit from further visual assessment. The CISS
has not previously been utilised in this manner, and further validation of such an
application is indicated. The current studies found the CISS to be useful in
highlighting those students who may particularly have hyperopia, amblyopia,
strabismus and accommodative and/or convergence disorders. Therefore the public
health imperative to further study the use of the CISS cannot be ignored, particularly
as the cumulative prevalence of these disorders in the paediatric community could be
estimated to approach 20% of children.
Third, this thesis has shown that asthenopic symptoms are commonly
associated with functional issues relating to accommodation and convergence. The
prevalence of convergence insufficiency is becoming clearer now that an agreed set of
criteria exists to define convergence insufficiency, and the CISS exists to monitor
treatment progress (M. Kulp et al., 2009; M. Rouse, Borsting, Mitchell, Cotter, et al.,
2009). The prevalence of CI in a school screening is considered to be 13% in 5th and
6th graders (M. W. Rouse et al., 1999). However, the CISS could potentially be
utilised to detect hyperopia and accommodation anomalies because of the linkage
between accommodation and convergence. The current study was also successful in
finding that the CISS may be useful in augmenting a diagnosis of all binocular
anomalies.
Currently accommodation anomalies are considered infrequent, and relevant
prevalence data from unselected population based studies are not available, though
data from clinical populations suggest that accommodative anomalies range in
prevalence from 2% in a paediatric population (Scheiman et al., 1996), to 6.2% in
college students (Porcar & Martinez-Palomera, 1997) and from 3% (F. Lara, et al.,
2001) to 9.2% (Hokoda, 1985) in adults. Interestingly, only 7 individuals (2.8% of
total screened) in our emmetropic sample of 247 were diagnosed with AI but there
were many children, 7% of the total screened, with accommodative infacility. This
indicates that rapidly changing accommodation becomes bothersome. This was also
reflected in their mean CISS scores, which were 21.9 ± 6.9 for those with AI, and
22.0 ± 11.5 for those with accommodative infacility. That is, nearly 10% of
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emmetropes were found to have an accommodative problem. For statistical analysis,
the two accommodative anomalies, AI and accommodative infacility, were grouped,
and results showed that the mean CISS score for the accommodation group was
significantly higher than for the NBV group. We cannot comment on whether there
were any with AI in our 63 excluded ametropic children. The benefit of using the
CISS  was  also  shown  in  Marren  et  al.’s  study  (Marran  et  al.,  2006),  which  used  the  
survey to suggest that AI is the primary source of symptoms and not CI.
The group of students with an accommodative anomaly generally scored
slightly higher on the CISS than those with CI. However, if we consider that those
with accommodation anomalies generally failed only one sign, it appears that the
accommodation system needs less dysfunction in order to cause the same degree of
symptoms as does failure of 2-3 tests in CI. This lends support to the suggestion by
Marren et al., that accommodation may be the more dominant driving force for
symptoms (Marran et al., 2006). This finding is also supported in the CISS
developers’ study, where they showed a small but significant correlation between
symptom scores and accommodative amplitude (E. J. Borsting et al., 2003). In a
recent dynamic study of accommodation function, a significant interaction was shown
between symptomatic and asymptomatic groups over time (Tosho, 2007). Tosho
(2007) showed that the asymptomatic subjects had stable accommodation responses
over a 2-minute continuous recording, whereas symptomatic subjects showed
accommodative fatigue and a doubling of their lag in the same time frame (Tosho,
2007). A significant correlation between objective measures of accommodative lag
with symptoms has also been shown using the Conlon Visual Discomfort Survey
(Chase et al., 2009), with lag strongly correlating with symptoms of headaches, sore
eyes and blur (Conlon, 1999). Of most concern and adding to the worth of detecting
accommodation anomalies, is the fact that a history of underachievement has been
documented in these individuals (Shin et al., 2009). Therefore, further investigation
into the use of the CISS to screen for disorders of accommodation would not seem
unreasonable.
Study 4 has indicated that accommodation has an important influence on
asthenopia and this should be further investigated in future studies, where the lag or
lead of accommodation could be investigated in relation to cognitive vs. non194

cognitive targets. Additionally, the effects of low plus lenses on the accommodation
system and asthenopia may need investigation to start forming a treatment system for
those with symptoms. Future studies should definitely take all forms of binocular
documentation, especially specifications of strabismus to ascertain whether certain
types of strabismic anomalies are more symptomatic than others. It would also be of
interest to investigate which of the amblyopes are more symptomatic, those with
better VA and some binocularity or those with complete suppression and very low
VA. This would also affect treatment management plans.

Limitations

Refractive error determined without cycloplegia
A major limitation for all studies in this thesis is that cycloplegia was not used
to determine full refractive error. Ideally, the use of cycloplegia would have been the
preferred option for determining more accurate refractive errors. However, in school
screening situations, it was deemed essential by the school principals that students
resume their academic activities unimpeded by any potential side effects of
cycloplegia (effects of cycloplegia and autorefractors has been covered in detail in
methodological considerations page 43 – 49). In Study 3 and Study 4, it was also
necessary  to  ensure  that  students’  accommodation  system  was  active,  and  not  affected  
by any pharmaceutical agents such as cycloplegics, particularly as the binocular
vision testing was undertaken in a single session. Thus, to carry out the studies,
alternatives were sought to give the best possible results without the administration of
cycloplegia. In Studies 1 and 3 an open field autorefractor with fogging was used.
This type of autorefractor has shown validity in reducing the proximal myopic effects
caused by closed field autorefractors. Study 2 was unfortunately unable to use an
open field autorefractor as this equipment was not available in Turkey. For refractive
assessments a closed field Nidek autorefractor was used with the fogging system
turned on. In cases where a hyperopic refractive error was suspected, retinoscopy was
also performed on children by the paediatric ophthalmologist using binocular plus
lenses to aid in the relaxation of accommodation.
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An additional limitation of Study 1 was that an assumption was made in
regards to myopic development of Lebanese Australian children in regards to their
parents refractive distribution. Unfortunately, we have no access to data regarding
the Lebanese parents literacy or schooling level as there were no statistics found in
the Australian Bureau of Statistics. The first generation Lebanese born Australians
are less likely to have had access to schooling compared to second generation
Lebanese as there was a civil war in Lebanon at the time of migration for most
parents and primary and secondary schooling is mandatory in Australia. It may be
argued that other nearwork tasks, such as eg; precision tool-making, computer or desk
jobs, hobbies etc may have caused myopia in parents but we have no data to support
this.
Another limitation is that the particular differences in dietary intake of
children in Study 1 and 2 are unknown. It may be assumed that children from Middle
Eastern backgrounds have a different variety of food intake compared to Australian
children, and children from different socioeconomic backgrounds in Study 2 may
have access to different nutritional foods also. However, investigation of such dietary
intake was outside the scope of this thesis. However, a study investigating nutrition
and myopia development showed no correlation (Edwards, 1996).

Students that did not attend screening
In all studies there were a percentage of students who did not return their
permission forms to attend. Study 1 and 3 used the same population and 7.8% did not
attend. In Study 2, 19% did not participate. In Study 4, 23.8% did not participate. For
Study 4, it is possible to speculate that the time required for the binocular vision
testing component specified on the consent form (40 min – 1 hour, compared with
Studies 1, 2 and 3 which were approximately 20 min) was a factor influencing
participation rates.
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Limitations in terms of the CISS
It may be argued that the CISS was designed specifically for convergence
insufficiency and not all binocular anomalies, as were investigated in this study. The
CISS was used with the rationale that the accommodation and vergence responses are
normally coupled. Specifically, accommodative changes evoke vergence changes
(accommodative vergence) and vergence changes evoke accommodative changes
(vergence accommodation). Therefore, as they are physiologically linked, any
symptoms arising from a defective accommodation or vergence system are assumed
to cause similar symptoms. Thus, it was considered reasonable to use the CISS for all
types of binocular vision anomalies.
The CISS relies on children remembering and consciously perceiving whether
they have experienced a symptom and then giving their symptom a rating on a scale,
which may be difficult for a younger child. The CISS survey has not been
recommended for children younger than 8 years of age (Borsting et al, 2003) given
that young children may have difficulty understanding the questions and the scaling
task. Also, the CISS may take too long with children losing interest and
concentration. In study 3, older students answered the questions in a classroom
setting, reading to themselves. A limitation is that if a child has comprehension
problems, or mild reading anomalies, such as mild developmental dyslexia, then the
CISS questions relating to performance based tasks may be answered with a bias,
affecting the data. In our studies although we had asked for the dyslexic children to
be identified, we did not document the children with milder reading – comprehension
anomalies.
In Study 4, unfortunately the results were re-grouped several times to
demonstrate different results. Time demands meant we were not able to perform a lag
of accommodation assessment on the emmetropes with BVA, to determine whether
that was an added component. Although our preference for consistency was to not
merge groups for the factor analysis, the low numbers in some groups made this the
only statistically feasible alternative to do this type of analysis. Alternatively, it may
be argued that the groups could have been grouped for all the analyses; however, this
would have resulted in clinical analysis being arbitrary. For example, if we had added
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accommodative facility tests to diagnosing accommodative insufficiency, then we
may have never known of its importance in relation to symptoms.
Additionally, for Study 3 specifications of the strabismus type and prismatic
angle would have been helpful in understanding the types of strabismus that are
particularly symptomatic. We assume that a decompensating and/or intermittent
exodeviations would be most symptomatic, however as this was not the focus of the
investigation at the time of testing, documentation of this information was
unfortunately incomplete.

Conclusions

In accordance with the growing literature on the development of refractive
errors,  this  series  of  projects  aimed  to  extend  our  understanding  of  how  children’s  
visual status is affected by environmental factors such as place of domicile and the
type of schooling undertaken. Notably these projects also delved into the poorly
investigated area of lifestyle-associated ocular discomfort and identified that it is not
only refractive errors that contribute to a significant proportion of visual morbidity,
but also that accommodative-convergence dysfunction is unexpectedly common in
emmetropic Melbourne school children.
These two key aspects of visual status raise significant issues from a public
health perspective because the long term effects of neglecting these issues will impact
not  only  the  individual’s  ability  to  see  comfortably,  but  presumably  on  their  
educational outcomes (Motsch & Muhlendyck, 2000), career prospects, and
eventually financial contributions to family and community. Hence, the introduction
of efficient and affordable school screenings at appropriate times, e.g. towards the end
of primary school when psychosocial and environmental pressures of nearwork
become dominant in a students life, is likely to be a valuable contribution to public
health.
The first 2 chapters of this thesis have added substantially to the nature vs.
nurture debate as it affects development of refractive errors, with the first
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experimental study showing that social lifestyle in a school is more important than
ethnic grouping or culture in driving myopia. The second study refined this finding
showing that rather than location, curriculum, or hours spent outdoors playing
organised sport, socioeconomic status and nearwork practices are likely to be the most
important variable in the early onset of refractive myopia.
The second set of experimental studies have further shown via concurrent use
of the CISS questionnaire, that asthenopic symptoms are commonly reported by
unselected populations of Australian primary school age students and that in many
cases higher symptom scores are related to high refractive hyperopia and binocular
anomalies. Higher symptom scores in refractive emmetropes are often associated
with accommodation, convergence and hyperopia suggesting that the CISS could
potentially be utilised to detect troublesome hyperopia and BVA including what we
believe is relatively common accommodative insufficiency or infacility and rapid
accommodative flexibility.
In particular this study has shown that the CISS survey is useful in identifying
high hyperopia, amblyopia, strabismus, and accommodation anomalies (especially
accommodative infacility) in a vision screening. Therefore, the current studies
indicate that the CISS could be a worthwhile addition to history taking in ophthalmic
practice. We see the CISS as potentially useful in informing the debate regarding
criteria for prescribing for children and identifying tolerance of uncorrected hyperopia
– independent of any usefulness that may be established in the future, subsequent to
an analysis of the binocular vision status implications of symptoms found in students
with refractive errors of low degree. High scores argue for the use of the CISS to
provide an indication of need for assessment of binocular function and raises the
question of whether the survey could be usefully employed in the public health
domain by teachers of upper primary school when generalized vision screenings are
not readily available.
As a whole, this group of studies highlights the imperative for children,
including children without refractive error, to be investigated with more serious
consideration both from the public health and research points of view, especially as
the existence of visual anomalies the potential for flow-on educational consequences
that may compromise lifetime productivity.
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