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MIST (Melbourne Initial Screening Test) evaluation studies 
 
 
ABSTRACT 

 
The aim of these three studies was to assess the test-retest reliability of the MIST (Melbourne 
Initial Screening Test), a new vision screening tool designed for use by vision screeners of pre-
school children and to determine the positive and negative predictive value. 
 
In the first study, 471 children participated in two sessions, either with the Sheridan Gardiner 
Singles (SGS) or the MIST. The children were allocated to four groups - Group A, test-retest 
with SGS, one orthoptist; Group B, test-retest with MIST, one orthoptist; Group C, test-retest 
with MIST, two different orthoptists; or Group D, test-retest with MIST, an orthoptist and a 
nurse. The test-retest reliability of the MIST demonstrated correlations of 0.79 and 0.78 for the 
right and left eyes respectively, in comparison to the SGS score of 0.71 and 0.79. The inter-rater 
reliability of the MIST demonstrated correlations of 0.60 and 0.74 for orthoptists, and 0.63 and 
0.60 with orthoptists in comparison to nurses. These results confirm that the MIST is a reliable 
screening tool for pre-school vision screeners. 

 
In the second study, 201 children participated in a gold standard orthoptic and ophthalmic 
examination after passing their MIST screening. The negative predictive value of the MIST 
vision screening program was found to be 97.5%. Five children were found to have failed the 
gold standard examination. Four of the children had an astigmatic error of 1.50 dioptres in one 
eye, one of whom also failed the visual acuity criterion. One other child had an intermittent 
esotropia. This result means that 2.5% of the children who pass the MIST vision screening test 
may actually have strabismus, amblyopia or a refractive error, something to be noted in any 
screening program. Both nurses and parents must be aware of this information when vision 
screening is performed. 
 
In the third study, forms were returned for 3,854 children referred from the MIST vision 
screening program over a three-year period. Visual assessment results of 2,623 of these children 
were obtained from examining clinicians. The positive predictive value of the MIST was found to 
be 44.4%. Given the less than 5% prevalence of amblyopia in children of this age group, this 
over-referral rate would be considered acceptable. A balance must be reached between the 
positive and the negative predictive values. The follow-up examination of each child is a cost to 
the health care system to be considered in balance with the early detection of a visual problem 
and any long-term costs associated with visual disorders. 
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The MIST (Melbourne Initial Screening Test) has been designed as a simplified vision screening 
test for 3.5 to 4.5-year old children, to be performed by maternal and child health nurses in the 
state of Victoria.1 It was introduced in 1998 as part of the visual surveillance program, combined 
with observation of ocular position and corneal reflections and questions regarding family history 
and ocular problems. As previously described by Brown and Story1 the MIST, a letter matching 
test, has a pass/fail method of assessment rather than a threshold test of visual acuity, with five 
test letters of 3/5 size. Initial results showed that it was easy to administer by the nurses and had a 
high compliance rate. 
 
The maternal and child health nurses perform vision screening as part of a general developmental 
assessment, allowing earlier screening at minimal cost to the health system. As part of a wider 
assessment this allows vision screening in the context of the child’s whole development. This 
surveillance program provides not only assessment, but also gives the chance to raise parental 
awareness and provide incidental education on many health and development issues.  
 
Since the implementation of the MIST in 1998 there has been much public debate concerning the 
value of preschool vision screening in the absence of randomised control studies investigating the 
age effect of amblyopia treatment and outcomes, with the recommendation that programs should 
be discontinued.2 Various authors then emphasised the need for further research and it may be 
suggested that in the absence of appropriate evidence on such aspects as the natural history of 
amblyopia, the age effect of amblyopia treatment outcomes, or whether amblyopia is disabling, 
that preschool vision screening should continue in the most cost-effective way.3-5 
 
The MIST forms part of the routine general developmental assessment in a similar manner to that 
reported by Thorburn and Roland6. Previous reports have suggested that orthoptists are more 
effective at vision screening than other health professionals,7, 8 however studies have shown that 
screening can be performed effectively by others providing that training is given to ensure high 
quality assessments.6 
 
The accepted criteria for a screening test are that it must be simple, reliable and valid.9 The 
purpose of the evaluation project, funded by The Department of Human Services, was to evaluate 
the effectiveness of the MIST as a valid vision screening tool, with three separate studies, the 
reliability and validity testing of the MIST, a negative predictive study and a positive predictive 
study. 
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Part 1: Reliability and validity testing of the MIST 
 
 
INTRODUCTION 
 
The reliability of any screening test must be evaluated not in the clinic, but in the hands and 
venue of the screening personnel. In this context, test-retest results could be considered in two 
ways, either as the repeatability of an individual test score or of a pass/fail classification only.10, 11 
The former may provide more detail of individual test results, but in the context of vision 
screening, pass or fail is the information required to make a referral decision. 
 
There have been few studies on the test-retest reliability of available visual acuity tests. One issue 
to be considered is the number of children who are able to complete a test at the first 
presentation. Hered and colleagues12 found with the HOTV chart at 3 metres, that 93% of 3 to 5-
year olds were testable at the first session compared to 97% at a second session, with 85% of 3-
year olds and 98% of 4-year olds testable at the first session. Similar results were reported by 
other studies.11, 13 A study, with single optotypes at 6 metres reported a lower testability rate of 
64% in children less than 3 years old, but 93% in 4-year olds.14 Another, using isolated 
surrounded optotypes at 4 metres, found 67% of 3-year olds and 87% of 4-year olds testable.15 
These and other studies show an increase in testability with increased age, decreased testing 
distance and repeat testing.16    
 
Test-retest reliability studies have reported widely varying results for correlational values. Hered 
and colleagues,12 grading each child as pass, fail or untestable, reported an F value of 0.54 for the 
HOTV chart with 3 to 5-year old children, or a value of 0.71 after excluding all children 
untestable at the first session. In comparison, Friendly11 found a rho value of only 0.16 for a 
slightly wider age group, and Sprague et al13 a correlation coefficient of 0.398, using continuous 
variable measurements. A more recent study, using isolated surrounded HOTV letters, reported a 
correlation of 0.82 in a group of 2 to 7-year old children.15 McGraw et al17 studied the test-retest 
reliability of a single letter test at 3 metres and found a coefficient of repeatability of two lines 
difference in a group of children with mean age 5.3 years. In adult populations, the correlation 
coefficients have been reported to be much higher at 0.9818 or 0.8419 for the Bailey-Lovie 
LogMAR chart. Comparisons between studies are difficult as methodology and statistical 
analyses vary widely.   
 
For a screening test to be efficient it must have a high compliance rate, so that a result can be 
obtained from the majority of participants. As a screening program is designed only to identify 
those at risk, an actual measurement of visual acuity is not required. This may in effect mean a 
balance between ease of administration and accuracy of the result. The referral practice would 
tend to be towards referring any child who shows any risk of failing the test. The aim of this 
study was to assess the test-retest reliability of the MIST. The test-retest reliability of the 
Sheridan Gardner Singles (SGS) was assessed as it is a standard clinical test, commonly used in 
clinics and vision screening programs. The MIST was then evaluated for its reliability in 
comparison to this clinical test, both with experienced eye health personnel and within its 
screening context with maternal and child health nurses. 
 
 
METHOD 
 
Participants 
Children were recruited from kindergartens and child care centres in the Melbourne metropolitan 
region. After an initial approach to centres, written consent was obtained from those wishing to 
participate. Parental Information and Consent forms were then distributed, to be signed and 
returned prior to testing. The study was approved by the Human Ethics Committee, La Trobe 
University, and the Department of Human Services Ethics Committee. 
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Procedures 
Vision was tested with either the SGS at 6 metres or with the MIST at 3 metres, both letter 
matching tasks. The right eye was tested first as a routine procedure. The time taken for the 
vision tests was recorded. 
 
The aim was to assess each child twice, by either the same or a different tester. Each centre was 
allocated to one of four groups. The SGS test-retest (Group A) and the MIST test-retest (Group 
B) were retested by the same orthoptist. Two other orthoptists were involved in the MIST inter-
rater test by different orthoptists (Group C). Seven maternal and child health nurses were 
involved in the MIST inter-rater test of orthoptists in comparison to nurses (Group D). 
 
The results of each test were graded as pass, fail or untestable. As the data was ordinal 
measurement, correlational analysis was performed with Spearman’s rho (ρ). Due to the extreme 
skew in the distribution of the responses, where the agreement is predominantly in one cell, 
measures of agreement such as Cohen’s kappa will tend to underestimate the true agreement. In 
this study, where the children were from a normal population, the vast majority of results would 
be in the pass/pass cell, with only a few in the fail/fail cell, so it is not possible to statistically test 
the amount of disagreement. 
 
 
RESULTS 
 
An orthoptist or a nurse, with either the SGS or the MIST, tested a total of 583 children. As some 
were absent at the time of one of the testing sessions, 471 children participated in the full test-
retest study. The children ranged in age from 35 to 67 months. The number of children, their 
mean age and the period of time between the two testing sessions are presented in Table 1.   
 
 
Table 1  Number of children in each test-retest group 
 Test 

N = 583 
Retest 

N = 471 
Mean age 

(SD) 
(months) 

Mean retest time (SD) 
(days) 

Group A, SGS, one 
orthoptist 

 
137 

 
111 

 
48.2 (6.15) 

 
23.3 (9.19) 

Group B, MIST, 
one orthoptist 

 
123 

 
107 

 
47.2 (5.87) 

 
23.6 (10.93) 

Group C, MIST, 
two orthoptists 

 
148 

 
118 

 
46.5 (5.37) 

 
23.8 (11.74) 

Group D, MIST, 
orthoptist/nurse 

 
175 

 
135 

 
47.3 (5.72) 

 
23.0 (8.76) 

     
 
 
Group A:  Test-retest reliability of the SGS, conducted by one orthoptist 
In this group of children, Orthoptist 1 tested the children using the SGS at both sessions. A 
referral is recommended in cases where the vision for either one or both eyes is classed as a fail, 
therefore the results are classed as a pass if the child passes with each eye or a fail if the child 
fails in either eye. The contingency table presents the result for each child, for the test and retest 
(Table 2). 
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Table 2  Contingency table of the pass/fail results for SGS retest, conducted by one 
orthoptist  

 
 Test 1: Pass Fail Untestable Totals 
Test 2: Pass 92 (83%) 4 (3.6%) 6 (5.5%) 102 (91.9%) 
Fail 3 (2.7%) 1 (0.9%) 2 (1.8%) 6 (5.5%) 
Untestable 0 (0%) 0 (0%) 3 (2.7%) 3 (2.7%) 
Totals 95 (85.6%) 5 (4.5%) 11 (10%) 111 
 
 
The SGS vision score was categorised as the line of visual acuity achieved, from 6/60 to 6/6. 
Using Spearman’s correlation coefficient of this score, a significant relationship was found 
between the SGS test and retest results for both the right and left eyes (ρ = 0.71, ρ = 0.79, 
respectively, p = 0.0001). 
 
Group B:  Test-retest reliability of the MIST, conducted by one orthoptist 
In this group of children, both testing sessions were performed using the MIST by the same 
orthoptist (Orthoptist 1). The contingency table presents the pass/fail/untestable results for the 
MIST test-retest (Table 3). 
 
 
Table 3 Contingency table of the pass/fail results for MIST retest, conducted by one 

orthoptist  
 
 Test 1: Pass Fail Untestable Totals 
Test 2: Pass 88 (82%) 8 (7.5%) 1 (0.9%) 97 (90.7%) 
Fail 2 (1.9%) 2 (1.9%) 0 (0%) 4 (3.7%) 
Untestable 2 (1.9%) 0 (0%) 4 (3.7%) 6 (5.6%) 
Totals 92 (86%) 10 (9.4%) 5 (4.6%) 107 
 
 
The MIST is scored as the number of correct letters. Using Spearman’s correlation coefficient of 
the MIST score, a significant relationship was found between the MIST test and retest results for 
both the right and left eyes (ρ = 0.79, ρ = 0.78, respectively, p = 0.0001). 
 
Group C:  Inter-rater reliability of the MIST, conducted by two different orthoptists 
In this group of children, both testing sessions were performed using the MIST, but with a 
different orthoptist at each session. Three orthoptists were involved with the MIST testing 
procedure in different combinations (Orthoptists 1, 2 & 3). 
 
The contingency table shows the pass/fail/untestable results for the MIST for each child (Table 
4). 
  
 
Table 4  Contingency table of the pass/fail results for MIST retest, conducted by two 

different orthoptists 
  
 Test 1: Pass Fail Untestable Totals 
Test 2: Pass 100 (85%) 6 (5.1%) 4 (3.4%) 110 (93.2%)
Fail 0 (0%) 1 (0.8%) 1 (0.8%) 2 (1.7%) 
Untestable 2 (1.7%) 0 (0%) 4 (3.4%) 6 (5.1%) 
Totals 102 (86.5%) 7 (5.9%) 9 (7.6%) 118 
 
 

 6

This document is managed by the Department of Education and Early Childhood Development, Victoria (as of 27 August 2007)



Using Spearman’s correlation coefficient of the MIST score, a significant relationship was found 
between the MIST test and retest results for both the right and left eyes (ρ = 0.60, ρ = 0.74, 
respectively, p = 0.0001). 
 
Group D:  Inter-rater reliability of the MIST, orthoptist and nurse 
In this group of children, both testing sessions were performed using the MIST, an orthoptist at 
one session and a nurse at the other. One orthoptist (Orthoptist 1) and seven nurses were involved 
with the MIST testing procedure. Seventy-nine of the children (59%) were seen by the orthoptist 
initially, followed by a nurse. Regardless of tester, 86% of children passed this vision test at the 
first session, increasing to 93% by the second test. The number of children who could not be 
tested decreased from 6.8% to 1.5% on retest. 
 
As the aim in this group of children was a comparison of the orthoptist’s and the nurses’ results 
with the MIST, analysis was done comparing these two results rather than those of Test 1 against 
Test 2. The contingency table shows the pass/fail/untestable results for the MIST test-retest 
sessions, orthoptist compared to nurse (Table 5). 
 
 
Table 5 Contingency table of the pass/fail results for MIST retest, orthoptist versus nurse 
  
 
Nurse: 

Orthoptist: 
Pass 

 
Fail 

 
Untestable 

 
Totals 

Pass 113 (84%) 3 (2.2%) 1 (0.7%) 117 (86.7%) 
Fail 6 (4.4%) 2 (1.5%) 0 (0%) 8 (5.9%) 
Untestable 6 (4.4%) 3 (2.2%) 1 (0.7%) 10 (7.4%) 
Totals 125 (92.6%) 8 (5.9%) 2 (1.5%) 135 
 
 
Using Spearman’s correlation coefficient of the MIST score, a significant relationship was found 
between the orthoptist and nurse MIST results for both the right and left eyes (ρ = 0.63, ρ = 0.60, 
respectively, p = 0.0001). 
 
Testing time 
The time taken to perform the SGS and the MIST is presented in Table 6.   
 
 
Table 6  Time taken to perform each test 
 Test 1 

Mean time (SD) 
(seconds) 

Test 2 
Mean time (SD) 

(seconds) 
SGS 
Orthoptist 1 

147 (42.2) 
N = 129 

123 (41.6) 
N = 109 

 
MIST 
Orthoptist 1 

116 (40.6) 
N = 120 

79 (22.9) 
N = 102 

 
MIST 
Nurses 

259 (122) 
N = 58 

130 (32.5) 
N = 69 
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DISCUSSION 
 
Test-retest and inter-rater reliability of SGS and MIST 
The first stage of this study was to determine the test-retest reliability of the SGS. If visual acuity 
was recorded as the line achieved, then it could be seen that SGS test-retest reliability shows a 
correlation of 0.71 in the right eye and 0.79 in the left eye. This high correlation showed good but 
not perfect reliability of this test, with some variation in the test-retest results expected for 
children in this age group. One reason for the test-retest reliability being a little higher in the left 
than the right eye may be due to a learning effect, as the right eye was always tested first, 
therefore learning and confidence may increase within the testing session, tending towards a 
higher correlation for the left eye. This study has shown that the SGS test is a reliable clinical test 
for the test-retest of visual acuity with children in the 3.5 to 4.5-year age group. These results are 
difficult to compare with any previous studies as the methods of analysis differ, with the 
previously reported correlation results varying from 0.16 to 0.54 for vision charts,11-13 versus 0.82 
for a surrounded single test.15   
 
The MIST test-retest correlation, when tested by the same orthoptist, was 0.79 for the right eye 
and 0.78 for the left eye. This result demonstrates a level of reliability similar to that of the SGS, 
with a slightly higher result in the right eye for the MIST than the SGS.  It may be considered 
that the MIST, being a simpler test than the SGS is less learning dependent within the session 
than the SGS, and so shows a more equal correlation with each eye. However, this is not 
particularly shown in the other two MIST test-retest groups. In the context of repeat testing by 
one eye health care professional, the MIST produces as good a test-retest correlation as the SGS. 
 
With two different orthoptists performing the MIST, the inter-rater reliability values were 0.60 
with the right eye and 0.74 with the left eye. This moderate to good correlation, indicates a 
substantial relationship, though a little less than with one tester. This was achieved with a 
combination of three orthoptists, in different combinations of first and second tester. The use of 
three rather than two orthoptists for this assessment may have decreased the inter-rater reliability, 
but allowed an evaluation within the context of different clinical testers.  
 
The inter-rater relationship between the MIST results gained by an orthoptist and a nurse also 
produced a moderate to good correlation, with 0.63 in the right eye and 0.60 in the left eye. This 
was achieved with the use of seven nurses as testers, which may reduce the reliability result, but 
would provide a more realistic evaluation of the test in the screening context of many different 
nurses. 
 
 
Pass/fail results for test-retest of SGS and MIST 
The aim of a screening test is to determine those children who may have a vision problem and 
require further assessment. One factor required for the success of a screening program is that the 
test has a high compliance rate so that the majority of the children can be successfully graded as 
pass or fail. The number of children achieving a pass level at the first test was identical for both 
the MIST and the SGS, at a level of 86% with an orthoptist, increasing to around 92% on retest. 
This increase in testability of a clinical test from the first to a second session confirms previous 
reports.12, 13, 16 When comparing the test completion rates of the nurses to that of the orthoptists, it 
was found that more children were successfully tested by an orthoptist (93%) than by a nurse 
(87%).  
 
The number of children who were untestable on the first test with the SGS was 10%, decreasing 
to 2% on the retest. For the two MIST retest groups, the number of children untestable was 
around 5% to 7%, with no real change from the first to the second test. This higher rate of 
compliance at the first test might be explained again by the simpler design of the MIST, with 
learning having a lesser effect from the first to the second test.  However, this is comprised of a 
higher fail rate at the first session with the MIST than with the SGS. One hypothesis to explain 
this may be that the simpler design of the MIST means that the test is more in the control of the 
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child being tested than in the skill and experience of the tester. In this case the less cooperative 
children are more likely to fail in the first session. A similar number of children in both the SGS 
and the MIST retest groups, 9% and 8.4% respectively, failed or were untestable at the first test 
and then passed at the second test, showing a learning effect. In a screening context these 
children would represent false positive results. 
 
One group of interest in a screening program are the children who were untestable at the first test 
and then determined as a fail at the retest session. As the numbers of these children in each of the 
groups was small, it was not possible to determine any increased risk factor, but the question 
would remain after a single testing, whether these children are unable to complete the task due to 
their cognitive ability, requiring sustained concentration, or to their visual ability. It could also be 
seen that a small number of children actually passed the first test and then failed or were 
untestable at the retest. This occurred in both the SGS and MIST retest groups. All of the five 
children who changed from a pass to a fail on retest were aged 45 months or younger. It must be 
noted, that in the normal population at this age a small number of children may be expected to be 
unable to complete the task and some variation in cooperation from one session to another may 
be expected. 
 
In the orthoptist/nurse MIST retest group there was a small group of children who were passed by 
one clinician, but were failed or untestable by the other. Three children were passed by a nurse 
but failed by an orthoptist. Two of these children were passed on their second test, one passed 
their first test. Six children were passed by the orthoptist, but failed by the nurse, three were 
failed on their first test and three on the retest. As some were failed at each session, the learning 
effect cannot be considered the major reason for these discrepant results. These children with 
conflicting results from an orthoptist and a nurse pose several questions. There were a larger 
number of children failed by a nurse but passed by an orthoptist, which may be due to the relative 
lack of experience of the nurses in vision testing of small children. 
 
It can be seen that for testing by an orthoptist, the mean time required to perform the MIST is less 
than that required to complete the SGS. The nurses required more time to complete the MIST 
than did the orthoptist, but again less time for the repeat test. This is understandable given the 
difference between an experienced eye health care professional and the nurses for whom the test 
had been relatively recently introduced. It can be inferred that the nurses would take much longer 
to perform the SGS than the MIST, so the MIST is a quicker screening test to perform, an 
advantage given that the vision screening is performed within the context of a total 
developmental screening session. This compares favourably with Thorburn and Roland’s report6 
that vision testing with single letters by health visitors took 8.1 minutes within the routine 
developmental check.   
 
The results from this study would confirm those of other studies that both the testability rate and 
number of children passing a second test is increased.12, 13, 16 The MIST may appear to be biased 
towards a higher fail rate, particularly in the first session, but this cost of the false positive results 
must be balanced by the risk associated with false negative results from a vision screening 
program. In a screening program a decision must be made whether to refer after one screening 
test or to retest each child. This study would confirm the recommendation to retest each child 
who fails or is untestable at the initial vision screening,12, 13, 16 however, this must be considered in 
the light of the nurses’ workplace, and the fact that the 3.5-year assessment is the last for children 
within this system. If there is a high level of false referrals, the issue of costs to the public health 
system, and the financial and emotional costs to parents whose child is referred on for further 
assessment must be considered. However, this must be balanced by the consideration of the 
nurses’ time and organisation required for a second screening session and the number of children 
who may not return for a retest, with the risk that they actually have a fail result and so do not 
gain further follow-up. 
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CONCLUSION 
 
In conclusion this study has demonstrated that the MIST has a pass rate as high as that of the 
SGS, with 86% of children passing each at the first test, with the nurses showing a similar rate to 
the orthoptists.  The number of children who were untestable with the MIST was in the order of 
5% to 7%, lower than that of the SGS, but this was complemented by an increased fail rate at the 
first test.  The MIST has been demonstrated to be quicker to perform than the standard clinical 
test of SGS, taking approximately 2.25 to 5 minutes for the nurses to perform on children for the 
first time, with a mean time of 4.3 minutes.    
 
The test-retest reliability of the MIST demonstrated as strong a relationship as that of the SGS, 
confirming the reliability of this new vision screening test in comparison to one of the standard 
clinical tests. In the context of a vision screening program, in the hands of maternal and child 
health nurses, rather than the clinical context of eye health professionals, the inter-tester 
correlation is not quite as strong, but a substantial relationship was still found. It may be expected 
that the orthoptist/nurse inter-rater reliability would improve as the nurses become more 
experienced with the test. 
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Part 2:  A negative predictive study of the MIST 
 
 
INTRODUCTION 
 
The incidence of amblyopia in the population is cited as between 1.2% and 5.6% by different 
studies, with strabismus ranging from 2.7% to 6%. The combined prevalence of amblyopia and 
strabismus is accepted to be about 5%, high enough for a screening program to be justified.2, 20, 21 
With any screening programs, but particularly for a condition of such low incidence, it is 
important to determine the negative predictive value (NPV) of the screening test to determine the 
likelihood of the condition truly being absent.21 A few studies have reported the NPV of vision 
screening programs using tests of visual acuity.21-25 This information is important as the 
implication parents receive from a child passing a vision screening program is that their child has 
no vision problems, and so may not receive any further visual surveillance. Visual acuity (VA) is 
considered to be the most effective test for amblyopia screening, and 3.5 years is considered to be 
the minimal age suitable to gain good compliance levels for this subjective test.26 
 
In order to assess the NPV a gold standard examination with pass/fail criteria must be 
predetermined in order to consistently assess the visual status of those children who pass the 
screening test. De Becker et al21 commented that there was no clear consensus on the definition of 
normal visual function and that their standard was defined such that children who passed it were 
not considered to require any further follow-up or treatment. They defined the criteria for failing 
a gold standard examination for 4.5 to 5.5-year old children. As age has been shown to be a 
significant factor in VA assessment, it is apparent that some of the criteria needed to be modified 
for the younger children in the present study. 
 
The proportion of children able to be tested with a letter matching task varies with age.12, 13, 27 This 
would support the removal of the ‘inability to complete the gold standard examination’ as a 
failure criteria for children of this younger age group. A justification for passing the gold 
standard could be made on a judgment of those tests completed. The complexity of the task is the 
next consideration. It is suggested that cognition plays a greater part in crowded acuity than in 
single optotypes28 and other studies have reported fewer 3-year old than 4-year old children 
successfully completing a linear test.12, 13, 29 The acceptance of occlusion may be another indicator 
of the compliance level of children for VA testing, with studies showing a greater compliance 
with patching by 4-year old than 3-year old children.27, 28, 30 
 
The level of VA accepted as normal in this age group must be decided. For vision screening, the 
accepted level of VA in Australia is 6/9.1 In relating the referral criteria to a gold standard for 3.5 
to 4.5-year old children in particular, and accounting for the different testing distances, various 
levels have been cited in the literature. Some accept 3/6 as the acceptable level for either linear or 
single optotypes10, 23, 31, 32 others 3/4.511, 20, 30 and even 3/3,26, 33 referring any child with VA less than 
these levels. These studies would support the decision to set the gold standard for VA for 3.5 to 
4.5-year old children at 3/4.8 using the LogMAR letter matching chart. As a proportion of 
children were expected not to be able to complete testing with the chart, the acceptable level for 
single optotypes was set at the stricter level of 3/4. The criteria of acceptable difference in acuity 
between the eyes of less than two lines21 would be supported by previous studies, with 96 to 98% 
of children having no more than one line difference.28, 30   
 
A further standard that required consideration for this age group was the level of stereoacuity. 
Two studies set the strictest screening standards of less than 80 seconds using the Titmus stereo 
test,23, 34 one with older children. Earlier studies with Titmus tests reported that only 50% of 
children younger than 4 years gained stereoacuity better than 200 seconds of arc,35 and 83% of 4-
year olds gained 100 seconds or better.36 With the Randot E, Simons37 recommended a screening 
criteria of 250 seconds, though 168 seconds has been said to be the most sensitive threshold.10 
The referral criteria for two screening programs using the Randot test have the acceptable level of 
stereoacuity at 200 seconds of arc, referring any children worse than this.21, 34 There is a reported 
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proportion of children who are unable to be tested with stereopsis tests, even in the presence of 
binocular vision, varying from 2.1%38 to 4%.10 Given these different findings, the gold standard 
criteria for this study was set at a pass level of better than 200 seconds of arc. 
 
The aim of this study was to examine 200 children who had passed the MIST vision screening by 
the maternal and child health nurse, giving them a full orthoptic and ophthalmic examination in 
order to detect any ocular or visual problem that may have been missed by the screening 
program. Ethics approval was granted by the Human Ethics Committee, La Trobe University and 
the Department of Human Services Ethics Committee. 
 
 
METHOD 
 
Participants 
Four testing centres from different regions of metropolitan Melbourne were selected – outer 
eastern, outer southern, inner Melbourne and inner western regions. This selection allowed a 
representative sample of both children and maternal and child health centres. All children who 
passed the screening test in these municipalities during the recruitment time were asked whether 
they were interested in participating in the project, a systematic sampling method. However, as 
interpreter facilities were not available, there was a necessary restriction to parents who had an 
appropriate level of english language. If parents expressed an interest, they were given an 
Information Form, then contacted by the researchers and an appointment was made for the 
assessment. All testing was performed within a few months of screening. 
 
Procedures 
All clinical assessments were performed according to standard procedures and the data sheet 
protocol. In total, there were four ophthalmologists and five orthoptists who performed the 
assessments. At all sessions, each was ‘blind’ to the results of the other. 
 
Prior to the assessment, each parent/guardian read and signed an Informed Consent Form. The 
first stage of the assessment consisted of the collection of general information. The orthoptic 
assessment consisted of 
• cover test near (1/3 metre) and distance (6 metres) 
• four dioptre test near and distance 
• prism cover test near and distance 
• ocular movement assessment 
• convergence near point 
• VA, right then left eye, at 3 metres. Acuity was performed initially with LogMAR reversible 

letter chart and matching card, followed by Sheridan Gardiner Single letters (SGS) if chart 
acuity was not possible. If LogMAR vision of 3/3.8 was not achieved with either eye, further 
testing was done with single letters 

• fusional vergences, near and distance 
• stereoacuity, Randot Stereotest 
 
After the orthoptic examination was complete, Cyclopentolate 1% was instilled in each eye. Each 
child was seen by the ophthalmologist 30 minutes later. The ophthalmic examination included 
macroscopic inspection, slit lamp examination, retinoscopy performed at the examiner’s standard 
working distance and indirect ophthalmoscopy. 
 
Gold Standard Criteria 
The criteria for failing a gold standard examination in this study of younger children were 
defined after adaptation of those by De Becker et al.21 
• VA of 3/4.8 (-3) or less in one or both eyes, (LogMAR <0.24) or 
• VA of 3/4 (-2) or less in one or both eyes, SGS 
• a difference in VA of two lines or more between eyes (LogMAR difference >0.18) 
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• any constant or intermittent heterotropia 
• refractive error of 

0.75 dioptres or more of myopia 
3.50 dioptres or more of hypermetropia 
1.50 dioptres or more of astigmatism 
1.00 dioptres or more of anisometropia 

• any anomaly judged significant enough to require follow-up. 
 
All data from the examinations was coded and entered into a computer statistical program 
(Statview) for analysis. VA was recorded on the data sheets as the number of letters correctly 
matched on each line, an interpolated LogMAR score. Single optotype acuity was coded 
according to the number of letters correctly matched. 
 
 
RESULTS 
 
Over the recruitment period, Parent Contact Forms were received from the nurses for 296 
children, of whom 201 (100 males and 101 females) participated in the examination. The mean 
age of the children at testing was 45.7 months (3 years, 9.7 months) (SD 2.93 months) with a 
range from 40 to 55 months. The 201 children were each seen at one of four testing centres, by 
one of five orthoptists and one of four ophthalmologists.  The numbers assessed by each can be 
seen in Table 7. 
 
Table 7  Numbers of children examined by each tester (N = 201) 

Ophthalmologist Number of children Orthoptist Number of children 
1 72 1 54 
2 45 2 48 
3 44 3 43 
4 40 4 41 
  5 15 

 
 
Family History 
From the family history, 61 of the children (30%) had one or both parents who wore glasses. 
Seventeen (8.4%) of the children had a relative with a known strabismus and another 14 (6.9%) 
reported a family member with a ‘lazy eye’. 
 
Ocular deviation 
Only five of the children were noted to have an exophoria for distance fixation (mean deviation 
of 5.2 prism dioptres). Thirty-eight children were shown to have some latent deviation for near 
fixation, an exophoria noted in 35 (mean 6.1 prism dioptres) and an esophoria noted in three 
(mean 5.3 prism dioptres). One child (#162) was found to have an intermittent small esotropia. 
 
Convergence near point (CNP) was normal in all children, with a mean CNP of 3.9 cm (SD 
0.96), ranging from 1 to 7 cm. 
 
Binocular function 
All 201 children demonstrated a binocular response with the 4-dioptre prism test and so were 
considered to show no central scotoma. 
 
An acceptable prism fusion vergence range for near fixation was obtained from all children, with 
the mean convergence break point being 38.7 prism dioptres (SD 6.46) and the mean divergence 
16.1 (SD 2.78), similar to that previously reported.35 Prism fusion vergence range for distance 
fixation was obtained on all children except one, mean convergence 16.6 (SD 4.34) and mean 
divergence 11.8 (SD 2.32).  
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One-hundred-and-sixty-six children (82.5%) obtained a stereoacuity result of at least 70 seconds 
of arc. The minimum standard defined for this current study was stereoacuity of better than 200 
seconds of arc, 95% achieved this. Ten children (5%) did not obtain this level, four obtained 200 
seconds of arc and two obtained 400 seconds of arc. This left four children from whom a result 
was not obtained, due to a lack of comprehension of the test. All but one of these 10 children 
were demonstrably binocular with good prism fusion vergences. The child previously described 
(#162) with an intermittent esotropia gained stereoacuity of 400 seconds. 
 
Visual acuity 
The preferred test of VA was the 3 metre LogMAR chart with matching letters. If the children 
were unable to cope with this complex task, the simpler SGS was used. Using the chart, VA of at 
least 3/3.8 (≥3 letters) (LogMAR ≤ 0.14) was achieved in the right eye by 121 (61%) and in the 
left eye by 119 (59%) of the children. The gold standard level of VA to be achieved in this study 
was 3/4.8 (≥3 letters) (LogMAR ≤0.24), and the number of children achieving this level 
increased significantly to 162 (81%) in the right eye and 160 (80%) in the left eye. 
 
In the right eye, of the 39 children who did not achieve chart acuity of 3/4.8, 33 achieved a single 
acuity level of 3/3 and six achieved a level of 3/4. This meant that all of the 201 children gained 
either 3/4.8 linear acuity or 3/4 single optotype acuity in the right eye. In the left eye, of the 41 
children who did not achieve 3/4.8, 36 achieved a single optotype acuity level of 3/3 and four 
achieved a level of 3/4. This meant that 200 of the 201 children gained either 3/4.8 linear acuity 
or 3/4 single acuity in the left eye. 
 
One child did not achieve a satisfactory level of VA. This child (#115) achieved an unequal VA 
result of 3/4.8 (2) (LogMAR 0.26) in the right eye and 3/9.5 (3) (LogMAR 0.54) in the left eye 
with the linear test, and 3/3 (1) and 3/6 being achieved in the right and left eyes respectively with 
the SGS. 
 
Visual acuity difference 
Of the children achieving a result with the chart, only two children had an acuity difference of 
two lines or greater. One child (#115) described previously had a difference of two lines and one 
letter on the chart, and seven letters on single acuity. Another child had a difference of two lines 
on the chart, but achieved equal VA of 3/3 with the single optotypes, so was considered to have 
passed the gold standard using the single letters. 
 
Refractive error 
The refractive error was recorded as the retinoscopy result calculated for the working distance, 
using minus cylinders, with no calculation being made for the effect of the cyclopegia. For the 
201 children the mean spherical error was +1.18 dioptres (SD 0.703) in the right eye, ranging 
from 0.00 to +3.25 and +1.17 dioptres (SD 0.685), ranging from 0.00 to +3.00 in the left. The 
mean astigmatic error was 0.17 dioptres (SD 0.286) in the right eye and 0.16 dioptres (SD 0.263) 
in the left eye, both ranging from 0.00 to 1.5 dioptres. All children passed the gold standard for 
spherical equivalent refractive error. Four children failed the gold standard criteria, with an 
astigmatic error of 1.50 dioptres in one eye (#6, #19, #115, #158). 
 
The mean anisometropic difference between the two eyes was 0.07 dioptres (SD 0.119), ranging 
from 0.00 to 0.75 dioptres. All children passed the gold standard for anisometropia. 
 
Ophthalmic assessment 
On macroscopic inspection, only two children were reported to have an ocular anomaly, one with 
a small right lid chalazion, the other with a slight right ptosis. On slit lamp examination three 
children were noted to have some observable differences. One child had a small area of focal 
endothelial changes in the peripheral cornea, two other children were noted to have epiblepharon, 
one mild and one minimal. On dilated ophthalmoscopy, two children were noted to have 
physiological variations, one with physiological cupping of the discs and another with buried 
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optic nerve head drusen. None of these conditions were considered clinically significant, nor to 
require any further follow-up. 
 
Failure of the gold standard criteria 
In this age group it is expected that a small number of children will be unable to complete the full 
gold standard assessment due to factors such as the level of cognitive development and ability to 
maintain concentration on the tasks for the length of time required.12, 13, 27 It is therefore necessary 
to interpret the results to the gold standard assessment in this light, with the incompletion of any 
test viewed in association with the other results obtained. 
 
Only five children (2.5%) were unable to complete the examination, each missing one test.  For 
each of these children confirmation was available from all other tests, both objective and 
subjective, that ocular status and visual function were normal. Measurement of distance prism 
fusion vergence was not obtained on one child, but the child was orthophoric for both near and 
distance fixation, with near prism vergence, stereopsis and VA all normal. Measurement of 
stereoacuity was not obtained on four children, all of whom were orthophoric with normal prism 
vergences, VA and refraction, but were noted to have either a poor understanding of english or no 
comprehension of the test. All of these children were considered to have passed the gold standard 
examination. 
 
With stereoacuity, six children did not achieve the pass level of 140 seconds of arc. If these 
children are included with those unable to do the test, then this meant that 5% of the children 
were not able to complete testing of stereoacuity, similar to that of previous studies.10, 38 Of these 
six children, five were orthophoric, with normal VA, prism vergences and refraction. 
 
On reviewing the results to each test, five children were considered to have failed the gold 
standard assessment. The details of these children are shown in Table 8. 
 
 

 15

This document is managed by the Department of Education and Early Childhood Development, Victoria (as of 27 August 2007)



Table 8  Children who failed the gold standard assessment 
Particpant Visual acuity Binocular status Refraction 
#6 linear 

R  3/4.8 
L  3/3.8 
 

orthophoric 
good prism vergences 
stereoacuity 50′′ 
 

*R  +1.00/-1.50 x 180° 
 L  +1.00/-0.75 x 180° 

#19 linear 
R  3/6 
L  no cooperation 
single 
R  3/3 
L  3/3 (-1) 
 

orthophoric 
good prism vergences 
stereoacuity 40′′ 

*R  +2.50/-1.50 x 170° 
 L  +2.25/-1.25 x 20° 

#115 linear 
R  3/4.8 (3) 
*L  3/9.5 (2) 
single 
R  3/3 (1) 
*L  3/6 (1) 
 

orthophoric 
good prism vergences 
stereoacuity 70′′ 

 R  +2.25/-1.25 x 90° 
*L  +2.25/-1.50 x 90° 

#158 linear 
R  3/6 
L  3/6 (-1) 
single 
R  3/3 
L  3/3 (-1) 
 

orthophoric 
good prism vergences 
stereoacuity 70′′ 

 R  +1.75/-1.25 x 180° 
*L  +1.75/-1.50 x 180° 

#162 linear 
R 3/7.5 
L  3/6 
single 
R  3/3 (2) 
L  3/3 (2) 

*intermittent RET 
good prism vergences 
*stereoacuity 400′′ 

R  +2.75 
L  +2.75 

* failed criterion 
 
 
One child (#162) was found to have a small intermittent esotropia, evident only after continued 
dissociation and a stereoacuity of 400 seconds of arc, consequently failing the gold standard on 
two criteria. Results to other tests were normal, with good prism vergences, VA and only a small 
hypermetropic spherical refractive error, all indicating good control of the deviation, so this 
would not be considered a significant concern. On follow-up assessment at a later date that there 
was no sign of the esotropia. 
 
With VA testing only one child failed the gold standard assessment. This child (#115) failed the 
VA level in the left eye with both the chart and single optotypes, had a VA difference of greater 
than two lines and an astigmatic refractive error of 1.50 dioptres in the left eye, so failed the gold 
standard on three criteria.   
 
Three other children failed the gold standard for the criterion of astigmatic refractive error (#6, 
#19, #158). Each of these passed the VA standard, with only one line or less difference. 
 
Negative predictive value 
Of the 201 children tested who had all passed the vision screening, five failed the gold standard 
assessment. This resulted in a negative predictive value of 97.5%, with 95% confidence limits of 
95.4% to 99.7%, for the MIST vision screening program. 
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DISCUSSION 
 
The NPV of the MIST vision screening program of 97.5%, with 95% confidence limits of 95.4% 
to 99.7%, is similar to previous values reported. De Becker at al21 with a gold standard 
assessment of 157 children, reported a value of 93% for the detection of any ocular problem, but 
a value of 98.7% (95% confidence limits of 95.4% to 99.85%) for amblyopia, strabismus and 
high refractive errors, which are the usual target conditions of a vision screening program. The 
Enhanced Vision Screening Program21 has referral criteria of VA less than 6/9 or stereoacuity less 
than 200 seconds of arc. Kennedy et al,23 with a gold standard assessment of 241 children, 
reported a value of 94% for their screening program, though it must be noted that the VA referral 
criteria was less than 6/12, which may be considered rather low for kindergarten children and so 
may assist in explaining the lower value. Enzenauer22 reported a NPV of 97% for public health 
screeners over a wider age group. Marsh-Tootle,24 using single optotype E-test and De Becker et 
al’s21 criteria, reported a NPV of 77.8%. The children in this study were younger than De 
Becker’s, which may explain the lower NPV. None of the false negatives were considered to 
require treatment, merely increased surveillance. Newman,25 in a retrospective study testing linear 
acuity two years after single optotype orthoptic preschool screening reported a NPV of 99.6% 
(95% CI, 98.7% to 99.9%) for the acuity test alone, but increased to 100% when other tests of 
ocular alignment were included. 
 
De Becker et al21 commented upon the NPV for vision threatening conditions, calculating this at 
97.6%, with four of their children classed as having potentially vision threatening disorders and 
the other seven with minor ocular problems. In the present study, one of the five children would 
be classed as having amblyopia on the first assessment, with a VA difference of more than two 
lines. Another had an intermittent strabismus, with normal visual function. The remaining three 
children with an astigmatic refractive error all had VA results within the normal range for either 
the chart or single letter test, with a VA difference of no more than one line. The astigmatic error 
was only 1.50 dioptres in each case, so failing the gold standard according to De Becker et al’s 
criteria.21 However one other study set this level at greater than 1.50 dioptres, in which case these 
three children would have passed, giving a NPV of 99%. 
 
The level of VA achieved by the children in this study was comparable to that reported in the 
literature. All of the 201 children were able to perform the letter matching task, a result similar to 
other studies.13, 27 If the complexity of the task was considered, it was found that 80% of the 
children in this study could satisfactorily complete the linear test, similar to other reports.12, 13 
Considering the level of VA, 3/3.8 was achieved by 60% of the children on the LogMAR letter 
matching chart, with 81% achieving 3/4.8, results similar to those reported using the SSAS linear 
test.28 
 
Methodologically, one bias introduced by the use of volunteer participants is that many parents 
participated as there was a known family history of ocular problems and so wanted a vision 
assessment. This may have meant that the sample contained a higher incidence of children with a 
family history. 
 
The examiners were aware that each of these children had passed the screening test, so some 
examiner bias towards expecting normal results may have been possible, as discussed by De 
Becker et al.21 As the aim, as emphasised in the assessment protocol, was to determine whether 
any visual problems had been undetected by the screening, and so perform a gold standard 
examination to determine this, it was felt that this was not a concern. The gold standard 
assessment, which involved a combination of objective and subjective tests and two different 
examiners with measurements of each aspect of ocular and visual function, would be expected to 
detect any problem, regardless of bias. The issue of the use of different testers for the assessment 
of each of these children must be considered. The importance of the performance of all tests 
according to standard procedures and the data sheet protocol was discussed prior to the 
commencement of testing in order to minimise any effects. The comparison of each child’s test 
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results against the gold standard criteria was done at a later stage by the principal researcher, not 
by the clinicians. 
 
 
CONCLUSION 
 
This study has found that the negative predictive value of the MIST vision screening program 
was 97.5%, a similar value to those previously reported.21-23 This means that there is a risk that 
2.5% of children who pass the MIST 3.5-year old vision screening program may actually have 
either amblyopia, strabismus or refractive error. Any screening program must maintain a balance 
between the positive and negative predictive values.  It must be noted that any attempt to increase 
the negative predictive value of the MIST would mean a higher incidence of false referrals. 
 
The importance of this finding must be part of any vision screening protocol and the information 
provided to parents. It must be emphasised that even though a child has passed the screening test, 
there is a still a very low risk that a potentially vision threatening problem may have been missed. 
Both screeners and parents must be aware of this when vision screening is performed. 
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Part 3: A positive predictive study of the MIST 
 
 
INTRODUCTION 
 
The positive predictive value (PPV) is a measure of the proportion of the population which fails 
the screening test and is actually found to have the disorder confirmed on diagnostic testing,34 the 
true referrals. It must be noted that the prevalence of a condition has an effect on the false 
positive rate. A condition with low prevalence, even with high sensitivity and specificity, may 
still have a relatively large number of false positives.39 
 
It has been suggested that screening programs conducted by orthoptists, or experienced eye 
health care professionals, have higher sensitivity and specificity than those by other personnel.40, 

41 Orthoptist-based screening programs have reported a PPV from 74% to 94%,40, 42, 43 with nurses 
or other health personnel from 25% to 69%, but generally around 40% to 50%.21, 22, 24, 34, 44-49 Some 
studies compare referral rates, reporting orthoptists as referring less children, 4.2% to 5.1%,40, 49 
compared to 6.5% to 8.6% by nurses.34, 49 The total efficiency of a screening program needs to be 
considered. Though orthoptists may provide more accurate referrals from vision screening, this 
needs to be offset by the advantage of the more general developmental assessment that can be 
provided by a community based nurse or health worker. 
 
The efficacy of a screening program is dependent upon the attendance rate.50 The uptake for 
preschool vision screening programs has been reported, varying from 20% to 99.5%.25, 40, 44, 46, 51, 52 
The MIST program generally attracts around 50% of the children in this age group.53 The 
attendance rate at school entry screening would be a much higher level than this. However, the 
major concern with the detection of amblyopia is that vision screening at school entry may be too 
late for effective treatment to be implemented, particularly now that children may be turning six 
or seven years of age at the time of school screening.51 A further issue to consider with any vision 
screening program is the follow-up by parents when a child fails the screening test, the need to 
obtain a specialist ocular assessment. Follow-up rates have been reported from 61% to 65%.45, 54, 55 
 
Over-referral is a problem for the acceptance of any screening program. If it is noted that there 
are too many children referred from a vision screening who do not have a problem, then this may 
be perceived by both the parents and the eye health professionals that the test is worthless.56 
Over-referral results in a cost to either the individual or the community, though this must be 
balanced against the cost of undetected visual problems if there was no screening program. It 
must also be noted that parents are good observers of their children and ‘are rarely wrong when 
they think that there is a problem with their child’s eyes or vision’.56 In this case any child who 
passes a vision screening test, but their parents are concerned, is likely to be referred on for full 
assessment. This is compounded by the tendency to refer if there is any doubt about the child’s 
visual function, as a screening test is not able to exclude all visual problems. 
 
The problem with determining the PPV of any program is that the diagnosis of true or false 
referral is generally not set against a gold standard but is reliant upon clinical reports. These may 
be received from any number of eye health professionals whom the children have attended after 
referral from the vision screening program. This is particularly noted by De Becker et al21 in their 
negative predictive study of a vision screening program. When a sample of children who had 
failed the screening were given a gold standard ocular examination, the positive predictive value 
was found to be much less than what was defined by clinical reports, reducing to 50% from an 
originally cited 72%.34 The criteria for classifying results into true or false positive outcomes 
needs to be set independently of the clinicians, as clinical bias will result in different 
interpretations of the screening outcome.  
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METHOD 
 
This stage of the evaluation project aimed to analyse the results of the ocular examination of all 
children who were referred to an eye health professional following testing with the MIST, to 
assess the level of true or false positive results. Ethics approval was granted by the Human Ethics 
Committee, La Trobe University and the Department of Human Services Ethics Committee. 
 
Procedures 
The MIST kits were supplied to all Maternal and Child Health Centres in Victoria. During the 
training sessions the evaluation projects were explained to the nurses and their assistance 
requested. At the time of implementation of the program, information was sent to 
ophthalmologists, optometrists and orthoptists advising them of the program and requesting 
assistance in the return of the forms. A triplicate copy pad of referral forms was provided with the 
MIST kits.  
 
For any child who failed the screening test the nurse completed the referral form, including the 
child’s identifying details, the nurse’s details and the MIST score. A section was available for the 
addition of any further comments or observations of appearance or visual behaviour. One copy 
was returned by the nurse to the Project Officer. Two copies were then given to the parent. The 
referral process included the explanation to parents of the MIST results, and the need to obtain a 
full ocular examination to determine whether this was a true result and if so, the reasons for the 
reduced vision. 
 
The next stage of the process for the parent and child was to obtain an appointment for an eye 
examination. Upon completion, the clinician was requested to complete Section 2 of the form and 
return one copy to the Project Officer. This included the clinician’s details, the assessment 
results, diagnosis and any action taken. Parents gave signed consent for this information to be 
passed on. 
 
The researchers then matched the nurses’ referrals with the returned specialist forms. As copies 
of the referral form were expected to be received from nurses for all children who had failed the 
MIST during the 3-year time period, this was the basis of the sample of children. If no specialist 
form had been received, those parents who had given consent were contacted. For those parents 
who could be contacted, the project was explained, the parents were reminded about the 
screening test, and were asked whether they had yet attended a vision assessment. If the 
clinician’s details were known, then a form was sent requesting the results. If the clinician’s 
details were not recalled, then an attempt was made to assess the outcome of the examination by 
asking the parents about the result and this information was added to the form, annotated as 
parent information. 
 
All data from each child’s MIST and visual assessment was coded and entered into a computer 
statistical program (Statview) for analysis. The return referral form requested measurements of 
VA; a yes/no response for the diagnoses of amblyopia, refractive error, strabismus and other; a 
yes/no response for treatment, no treatment and review. The classification of a true or false 
referral was then determined by the Project Officer. 
 
As VA of 6/9 is considered a pass for children of this age group,1 the criterion of 6/12 or worse 
was set as a true failure of the screening test. Any child diagnosed with a strabismus, or a VA 
difference of two lines or more21, 28, 30 was also considered to be a true failure. VA of 6/9 or better 
was classified as a false referral. Some children had VA recorded at a level between 6/9 and 6/12, 
usually due to such factors as the test optotypes available and the testing distance. These children 
were recorded as a pass result, as their acuity was better than 6/12. 
 
There were a number of children for whom VA was not recorded, mostly because a reliable result 
was not achieved. The other information on the form was then used to classify the result for these 
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children, including the diagnosis according to the clinician and whether any treatment or review 
was recommended. 
 
 
RESULTS 
 
Over a 3-year period, referral forms were returned for 3,854 children (2,015 males and 1,839 
females). The mean age of the children was 44.3 months (SD 3.17), range 36 to 60 months. Of 
these children, 98% of parents or guardians gave signed consent for the clinical information to be 
returned. Eye health professionals returned 2,264 (59%) of these forms without any requests or 
reminders required. 
 
Attempts were made to contact the remaining 1,590 children. Contact was made with 793 of 
these parents. Of the parents who were contacted, 535 were able to provide the specialist’s name. 
Requests were then sent to the clinicians for information, of which 367 (69%) were returned. 
Fifty-nine parents reported that their child had been seen, but were unable to recall the details of 
the clinician. It was found that 199 parents had not followed up the failed vision screening. This 
means that of all the children whose visual assessment results were known and reported by either 
the parent or the clinician, a total of 3,057 children, 199 (6.5%) were known not to have 
continued on for an eye examination. This is a measure of the known response of the number of 
children who were not taken for a full ocular assessment. The outcome is unknown for 797 
children who were unable to be contacted, or who had not given their consent for further contact. 
If the unlikely presumption was made that every one of these children did not follow up with an 
eye examination, then the maximum rate of non-attendance following vision screening failure 
would be 996 of the 3,854 children (26%). 
 
The proportion of the population who attend the 3.5-year assessment varies around 49% to 52% 
each year. Over the 3-year period, the referral rate of children who failed the vision screening by 
the nurses was 6.5%.53  
 

Reasons for referral after vision screening 
The vision screening protocol includes vision testing with the MIST and an observation of the 
ocular structures, including corneal reflections. Most of the children were referred because they 
had failed the MIST (3,395 children, 88%) but a number were referred for other reasons. A 
number of children actually passed the MIST, but were still referred (235 children, 6.1%). 
Reasons were provided for some of these; behaviour whilst performing the test (45%), strabismus 
(11%), family history (10%), parent request (3.5%), pathology/observation (1.5%). The 
remaining 224 children (5.8%) were those not able to complete the MIST, with similar reasons 
given for referral.   
 
The MIST referral procedure recommends an eye examination by an optometrist, 
ophthalmologist or orthoptist, either privately or through the public health system. The majority 
of children attended an optometrist (78%). Others attended an ophthalmologist (14%), an 
orthoptist (4%) or both (4%). The mean time lapse between the vision screening test and the eye 
examination was 6.3 weeks (SD 9.97), ranging from one to 135 weeks. Most children (88%) 
were assessed within three months. 
 

Analysis of referral outcomes 
Collation of the returned referral forms allowed analysis of the level of true or false referrals 
arising from the MIST visual surveillance program. There were 2,623 forms returned from the 
specialists, providing the clinical information from the examination. Each result was graded into 
one of seven categories for classification as true or false referrals (see Table 9). 
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Table 9  Classification of outcome of ocular examination 

Category Ocular outcome True or false referral 

Reduced VA or 
strabismus 

VA of 6/12 or worse, two lines or more 
difference, or a strabismus 

A true referral 

VA 6/9, given 
treatment 

VA of 6/9 or better (pass result), but given 
glasses or some form of treatment 

A borderline true referral, actually passed 
the VA criterion, but given treatment  

No VA, given 
treatment 

No VA established, but given glasses or 
some form of treatment 
 

A borderline true referral, no VA 
established, usually due to poor 
cooperation, but given treatment 

Reduced VA, no 
problem 

VA of 6/12 or worse, but with no 
refractive error or other reason detected, 
probably developmental 

A borderline referral, likely to be false, 
but unconfirmed 

No VA, no 
problem 

No VA established, but no refractive error 
or other problems detected 

A borderline referral, likely to be false but 
unconfirmed 

Uncooperative, 
unconfirmed 

Uncooperative for ocular assessment, no 
confirmation possible 

A borderline referral, likely to be false but 
unconfirmed 

Passed all tests Passed all tests 
VA of 6/9 or better than 6/12, no 
strabismus 

A false referral 

 
 
The results have been analysed in total, but are also considered in the light of whether the child 
actually failed the MIST or was referred for some other reason. It can be seen that the confirmed 
true positive rate was 42.3% of all the children referred (see Table 10). There was a further 2.8% 
who may be true referrals, those who received some form of treatment, but with a VA of 6/9 or 
with no VA obtained. Another finding of interest was the 3.2% of children for whom testing was 
a difficulty even with the clinician, those for whom a VA was not established. The incidence of 
children diagnosed with strabismus was 4.2%. 
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Table 10 Referral outcomes for all children with an ocular report (N = 2,623)  

Category N % Referral outcome N % 

Reduced VA or 
strabismus 

1,110 42.3% True referral 1,110 42.3% 

 
VA 6/9, given 
treatment 

59 2.3%   

No VA, given 
treatment 

12 0.5% 
Borderline true 

71 2.8% 

 
Reduced VA, no 
problem 

194 7.4%   

No VA, no problem 55 2.1%   

Uncoop, 
unconfirmed 

17 0.6% 

Borderline false 

266 10.1% 

 
Passed all tests 1176 44.8% False referral 1176 44.8% 

 
 
For the 2,623 children with an ocular report, the positive predictive value (PPV) calculated for 
those children who had a confirmed reduced VA or strabismus was 42.3% (see Table 11). If the 
PPV was calculated only for those children who failed the MIST, a slightly higher value of 
44.4% was found. If these children were combined with those who did not complete the test, 
which would mean the inclusion of all children who did not successfully complete the MIST, 
then the PPV was also a slightly higher value. It can be seen that the PPV calculated for those 
children who were referred even though passing the MIST was significantly lower than for any 
other children. 

 
 
Table 11  Positive predictive value (PPV) (reduced VA or strabismus) 

 Confirmed 
true positive 

False positive or 
unconfirmed 

result 

Total number 
of children 

Positive 
predictive 

value 

95% Confidence 
limits 

All children  1,110 1,513 2,623 42.3% 40.4% – 44.2% 

Failed MIST 1,032 1,294 2,326 44.4% 42.4% – 46.4% 

Did not complete 
MIST 

50 92 142 35.2% 27.4% – 43.0% 

Failed or did not 
complete MIST 

1,082 1,386 2,468 43.8% 41.9% – 45.8% 

Passed MIST 28 127 155 18.1% 12.0% – 24.1% 

 
 
Visual acuity 
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The MIST is designed as a pass-fail test only, not as a measure of threshold VA. In order to 
calculate the level of VA defects that have been detected by the screening test, the level of the 
worst eye for each child was noted. These results are shown in Table 12. 
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Table 12  Level of visual acuity recorded by clinicians (N = 2,537) 

Visual acuity Number of children Percentage (%) 

Better than 6/12 1,267 49.9% 

6/12 to < 6/18 682 26.9% 

6/18 to < 6/36 432 17.1% 

6/36 or less 156 6.1% 

 
 

Treatment outcomes 
According to the returned clinicians’ forms, 30.8% of the children were prescribed some form of 
treatment, with another 47.9% receiving no treatment, but requested to return for review at a later 
stage. 
 
 
DISCUSSION 
 
This study of the PPV of the MIST vision screening program is based on a 3-year period from 
April 1998 to March 2001, with 3,854 referral forms returned. This included approximately 65% 
of the children referred by the maternal and child health nurses according to Department of 
Human Services, figures.53 As this was an extra task requested it might be expected that there 
would not be a complete return rate, complicated by the large number of nurses, more than 550, 
who are distributed over more than 800 centres throughout 78 municipalities. The 6.5% referral 
rate by the nurses is within the expected range for the detection of amblyopia, which has an 
accepted incidence of less than 5%. Other nurse based screening programs have reported similar 
referral levels.34, 49 
 
A number of children (6%) were referred even though they had passed the MIST, another 6% 
because they had not been able to complete the test. The major reason cited for referral in both 
these groups was the child’s behaviour while doing the test, with strabismus being suspected in 
11% of the children who passed. The proportion of children who were untestable was consistent 
with other studies.13 It has been recommended that repeat testing reduces the rate of false 
referrals, and that all children should be retested prior to referral.11-13, 40, 54 This recommendation 
may have been confirmed by the reduced true positive rate in this group of children, however this 
must be balanced against the management and time constraints of the nurses in the screening 
situation. This group of children also had a higher rate of non-completion of the testing 
procedures reported by the eye health professionals. 
 
Of interest were those parents who did not follow up the vision screening failure with a full 
ocular assessment for their child. The design of this study did not allow this figure to be truly 
determined, but could only be calculated for those parents who were contactable. The rate of 
known non-follow-up was 6.5%, but it may have been greater if all children could have been 
traced. This figure is lower than that reported by other studies, which varied from 35% to 9%.54, 55, 

57 The follow-up time for the children in this study was also good, with more than half the 
children being seen within one month and the majority (88%) within three months of the vision 
screening. 
 
Other authors have outlined the major reasons for not following up on the screening results.57 The 
screening process issues have been stated as lack of confidence in the process, lack of 
information about the screening, and lack of communication. Other factors include confusion 
regarding the choice of eye professional, difficulty in scheduling appointments, and the cost of 
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assessment and glasses, if these are required. One criteria for a successful screening program 
includes effective, available treatment.9, 34, 58 It appears from this current study that most of these 
factors must be adequate in the maternal and child health program and in the availability of eye 
health professionals for assessment. The fact that the majority of children attended an optometrist 
is understandable given the health care system, where optometric assessments are bulk-billed and 
require no medical referral. Some parents who had not followed up the screening test said they 
would do so when the child was ready for school, or when the parent next had their appointment. 
There may be some need to further emphasise the importance of the timing of assessment and 
treatment for amblyopia, though in general this appeared to have been done. 
 
The Positive Predictive Value 
The PPV of the MIST as a vision screening tool for those children who failed the test was 44.4%, 
with 95% confidence limits of 42.4% to 46.4%. This value is similar to that of other studies 
which have nurses or other health professionals as the primary screening personnel, ranging from 
25% to 69%,21, 24, 34, 44-49 with several being in the range of 40% to 50%.21, 44, 45, 47, 49 A comparison 
with other studies is difficult as not all were based on a defined standard of VA, acuity difference 
or strabismus, but were based on the clinicians’ reports of whether a problem was diagnosed. 
This allows clinical bias to alter the criteria of definition of a ‘problem’ and so may vary the rate 
of true or false outcomes. However, it can be seen that even with the stricter criteria, the PPV of 
the MIST is within the range of that cited by other screening programs. 
 
Previous studies have shown that experienced eye health professionals may provide more 
accurate referrals from vision screening,7, 8 but this must be balanced against what may be seen as 
an ineffective screening program that relies on specialists providing screening services. This 
would mean that screening personnel would cost more and would involve only one aspect of the 
child’s general development, so would require multiple screening programs. The implementation 
of the MIST as the vision screening tool by maternal and child health nurses means that the 
vision test is part of a general assessment and so the results can be viewed in the context of the 
child’s whole development. As part of the 3.5-year assessment the MIST does not add to the cost 
of the process, except for a slight increase in the time required. 
 
A PPV of 44.4% means an over-referral rate of approximately one in two children being referred 
unnecessarily. De Becker et al21 stated that this may be considered acceptable with a condition of 
such low prevalence as amblyopia. This study has shown the MIST to have an acceptable PPV, 
with general acceptance by the nurses and a good follow-up rate by parents, all contributing to 
the community awareness. In terms of the economic cost to the community, there is minimal cost 
involved for the nurses’ assessment, but the costs of over-referral will be distributed to the 
general health care cost. The emotional costs to parents brought about by a failure on the vision 
screening test and the necessity to attend for an ocular examination also needs to be considered. 
Parents need to understand the importance of following through with the process, without raising 
unnecessary anxiety. 
 
The level of VA documented by the clinical assessment was of interest. Of the 2,537 children 
with a recorded visual acuity, 6% had 6/36 vision or less in at least one eye, another 17% had less 
than 6/18, significantly reduced levels of VA, which were detected by the vision screening 
program. 
 
 
CONCLUSION 
 
This study has found that the PPV of the MIST vision screening test was 44.4%, with 95% 
confidence limits of 42.4% to 46.4%, comparable to other vision screening programs which have 
other non-eye care professionals as the primary screening personnel.21, 24, 34, 44-49 This value means 
that for each child referred correctly, there is another child who may have been referred 
unnecessarily. However, given the less than 5% prevalence of amblyopia in children of this age 
group, this over-referral rate would be considered acceptable.21 
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The negative predictive value was found to be 97.5%. In any vision screening program, a balance 
must be achieved between the positive and negative predictive values, between the likelihood of 
a false referral and the importance of obtaining a full examination to determine whether there is a 
problem. 
 
In the MIST vision screening program it could be recommended that all children who fail the test 
should be returned for a repeat test before being referred. This may result in an increased positive 
predictive value, but must be balanced against the constraints of the maternal and child health 
nurses’ working environment and the chance that some children may be lost from the system if 
they do not return for the repeat test.   
 
Currently there appears to be a very good follow-up rate after failure of the vision screening test, 
demonstrating that there appears to be good parental acceptance of the worth of the program, 
with parents realising the importance of obtaining a full eye examination. 
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