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Abstract 

In a previous study (Adams, Courage, Byars, &z McKim, 1994), the TeDer Acuity Cards 

(TAC) were used to assess binocdar p ~ g  acuity in 319 infan~s between 2 and 

42 months (M = 13.20 months, a = L1.65). AU of these children were ar risk for abnomal 

visual/neuroIogicaI development due to preterm birth and/or signincant perinacal 

complications (eg., birth asphyxia, seizures, respiratory distress syndrome). In the 

present snidy, 76 of these children were reassessed several years later with the TAC, as 

weIl as with a bactery of spatial and non-spatial vision tests (M age ar: follow-up = 

78.05 months, a = 34.37, range: 35-122 months). Resuks of this assessrnent showed: 

(1) Compared to healthy, age-matched connol children (a = 61) tested with the same 

battery of folIow-up tests, at-risk chddren had consistendy lo wer test scores, and a 

higher incidence of ocular disorders and rehctive errors. However, most of these visuai 

deficits were not serious. (2) Non-statistical analyses suggest that cmdren who 

expenenced perinatd seizures, bronchopuhonary dyspIasia, pneumothorax or 

necrotking enterocolitis had relatively poorer visual outcomes than children with other 

risk factors. (3) Correlational analyses show thac an early measure of grating acuity \vas 

unrelated to follow-up grating acuity, nor to any other later measure of spatiai or non- 

spatial vision. However, when both the early and follow-up results were catego*ed as 

either 'normal' or 'abnormal', an early TAC result did have high normal pcedictive value 

and specificity, but low abnormal predictive value and sensitivity for iden*ng children 
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with and wichout visual disorders. These data imply thac children who experienced 

signjficant perinatal risk factors are at  some risk for mild, long-rem visual deficics. 

However, predictions based upon a single estimate of Telier acuity must be made with 

caution, even when the initial results are normal, 
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Early TeUer Acuity Card Estimates as Predictors of Long-Term Visual 

Outcome in Children with Perinatd Complications 

I t  is weU docurnented that infants who are very prernature (< 32 weeks gestation) 

and those who are very low birth weight (VLBW; < 1501 grams) are at a higher risk for 

developing a variety of chronic medical, cognitive, sensory (particularly visual), motor, 

developmental and/or other neurological disorders (e-g., cerebral palsy, spasticity) than 

are healthy, full-term infants ((Blackburn, 1995; Courage & Àdarns, 1997; Dowdeswell, 

Slater, Broomhd, Q. Tripp, 1995; Gibson, Fielder, Trounce, & Levene, 1990; McGUinity 

& Bryars, 1992; Pinto-Martin, Dobson, Cnaan, Zhao, Q Paneth, 1996; Powls, Botting, 

Cooke, Stephenson, & Marlow, 1997; S tjernqvist Q Svenningsen, 1993; Usher, 1987; 

van Hof-van Duin, Evenhuis-van Leunen, Mohn, Baerts, & Fetter, 1989; Veen et al., 1991; 

Weisglas-Kuperus e t  aL, 1993). Moreover, studies have aiso es~ablished a solid 

connection between abnormal development during infancy/cMdhood and specijic 

perinatal complications such as asphyxia (Lambert, Hoyc, Jan, Barkowich, k Flodmark, 

1987; van Hof-van Duin & Mohn, 1984), intraventricdar haemorrhage (WH) (Harvey, 

Dobson, Luna, & Scher, 1997; McGinnity & Halliday, 1993; van Hof-van Duin & Mohn, 

1984; Powls e t  al., 1997), seizures (McGinnity Q Halliday, 1993), br~nchopulmonar~ 

dysplasia (BPD) (Brown, Biglan, & Streravsky, 1990; Byars, 1991; McGinnicy Q Halliday, 

1993) and pneumothorax (Byars, 1994). Although these conditions are very cornmon 

among infants of extreme prematurity and very low birth weight, medical advances have 
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enabled an uicreasing nurnber of infants to overcome the immcdiate suMval and heakh- 

related concerns associated with perinatal complications. As such, many ciinïcians and 

researchers have shifted their efforts and intervention strategies toward long-tm neuro- 

developmentai outcome, uicluding the development of the at-risk infant's visual system. 

Of partïcular concem is the impact of perinatd nsk factors on functionai vision 

throughout infancy and childhood, as vision is particularly sensitive to neurological 

dysfunctions. 

Common Vision ProbIems: Associated Risk Factors and Long-Term Outcorne 

Infants who experience complications at or around the time of birth are at  an 

increased risk for delayed or abnormal visual development which, under certain 

circumstances, may lead to permanent visual impairment Some of the most cornmon 

ophthalmologicd problems experienced by children who were premature and/or of very 

low birth weight include retinopathy of prematurity (ROP) (Do bson Q Qu&, 1996; 

Gibson et al., 1990; Keith & Kitchen, 1983; Laws et al., 1992; Mohn &z van Hof-Van Duin, 

1986; Ng, Fielder, Shaw, & Levene, 1988), myopia (Fielder Q Quinn, 1997; Laws e t  al., 

1992; Mohn & van Hof-van Duin, 1986; Quinn et ai., 1998; Quinn et al., 1992), astigrnatism 

(Gibson e t  al., 1990), strabismus (Cats Q Tan, 1989; Fledelius, 1976; Mohn Q van Hof-van 

Duh, 1986; van Hof-van Duin et al., 1989), amblyopia (Cats Q Tan, 1989) and reduced 

visual fields (Harvey et al., 1997; Luna, Dobson, Scher, Q Gutherie, 1995; van Hof-van 

Duin e t  al., 1989; van Hof-van Duin & Mohn, 1986). 



As mentioned previously, the onset and severity of many of these visual 

dysfunctions are associated with the presence of s i ghcan t  perinatal risk factors. For 

exarnple, visual acuity deficits are linked with the occurrence of BPD (Adams, Courage, 

Byars, & McKun, 1994; Courage & Adams, 1997; Luna, Dobson, Q Gutherie, 1992), 

semires (McGirinity & Hdiday, WU), a combination of asphyxia and central nervous 

system (CNS) abnormalities (Luna et al., 1995), pneumothorax, and/or low head 

circurnference (Adams et  al, 1994). Smbismus is correlated with the occurrence of I v H  

(McGuiniy & Halliday, 1993; Tamura & Hoyt, 1987), very low birth weight (Keith & 

Kitchen, 1983; van Hof-van Duin et  al., I989), BPD, necrocizing enterocohris (NEC) 

and/or cystic perivenmcular leucomalacia (McGinnity Q Halliday, 1993). Furthemore, 

VLBW, NEC and a history of heavy matemal smoking during pregnancy are aiI 

associated with regressed ROP (McGinnity & Hakday, 1993). And finally, s i m c a n t  

relationships exist between reduced visual fields and VLBW (van Hof0va.n Duin et: al., 

1989) a d o r  a combination of asphyxia and CNS abnormalities (Luna et  al., 1995). 

Unfortunately, because these risk factors often appear simultaneously, or are f i a t e d  

with a nurnber of conditions, it is very difEicult to determine which individual 

complication may have the strongest impact on visual developrnent, and which Çactor(s) 

may lead to long-term deficits or complications (Courage & Adams, 1997). 

In an attempt to detemine the l ong- tm  impact of p e ~ a t a l  N k  hceors and 

abnormai early visual development, researchers have studied the visual outcome of 



children at various stages of development. For instance, s tudies show that as many as 

7396 of at-risk VLBW infants have some form of visual impairment at  6 rnonths of age 

(Weisglas-Kupems e t  al., 1993), 2g0/0 to 33% s a  experience irnpairments at 1 year of age 

(van Hof-van Duin et aL, 1989; Weisglas-Kuperus et al., 1993), and approximately 28Y0 of 

VLBW infants have visual impairments a t  2 5  years of age (Weisglas-Kupems et al., 

1993). In a study of older children (M = 9.1 years, a = 1-05), 19O/0 have a strabismus (versus 

2S0/0 of controls), 7Ob show signs of regressed ROP (versus O0/0 of controls) and, as a 

group, the VLBW children are more myopic than control children of normal birth weight 

(M = - 1.67 D versus -0.99 D). Furthermore, only 89S0/0 of the VLBW children have 

binocular acuities of 20/20 (corrected) or better, versus.980/0 of the normal birth weight 

children. On the other extreme, 5% of the VLBW children (versus 090 of controls) have a 

binocular acuity estimate of 20/60 (corrected) or worse (McGinnity & Bryars, 1992; 

McGinnity & Halliday, 1993). Similady, in a group of stiu older to U-year-old children 

(IJ = 137) who were VLBW infants, 10°/0 have a detectable strabismus, 15O/0 Wear corrective 

lenses for myopia, and as many as 3O0/0 show deficits on tests of contrast sensitivity and 

stereopsis (Powls e t  al., 1997) a t  the time of testing. Overd, these outcome studies 

suggest that there is a delay in visual system maturation in at-risk VLBW populations, 

and chat some problems do persist well into childhood and adolescence. However, 

studies have generally focused on structural anomalies within the visual system, and not 

visual functionuig. 
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Assessrnent of Functiond Vision in At-Risk Infant Populations 

Researc h conceming finctional vision outcornes in at-risk infants has generdy 

focused on the development of visual acuity because, traditiondy, this has been the most 

comrnon single measure of visual functioning. 'Io gain a better understanding for how 

visual acuity measurement techniques have changed to accommodate younger patients, 

this section will describe the evolution of visud acuity assessment in pre-verbal children. 

SpecifÏcally, visual acuity is a measure of the maximai capacity of the visud system to 

resolve s m d  detail at  high contrast In addts, recognition acuicy is estknated with the 

familiar SnelIen ('Big E') eye chart. The patient is required to read a series of increasingly 

smder  letters on the chart u n d  he or she is no longer able to accurately idennfy them. 

On average, this test can be completed in about 1-2 minutes per eye. However, because of 

the language and attentional sküls necessary to complete a recognition acuity test, such 

measureç are inappropriate for assessing infants (and very young chiidren). Therefore, 

dtemate testing methods have been devised for testing visual acuity in young children. 

For example, infant resolu tion orgra ting acuity is generauy assessed wit h black-and-white 

sine- or square-wave g r a ~ g s .  These g r a ~ g s  appear as patches of dtemating black-and- 

white smpes, with each patch containing smpes of a particular thicknesses (Le., a 

particular spatial frequency). In most cases, each g r a ~ g  is paired with a second 

unpatterned patch of equal space-average luminance. During the assessment, if the infant 

is able to resolve the g ' a ~ g ,  he/she will prefer to look at the pattemed stimulus over the 



unpatterned stimulus (Le., he/she wiu look at it longedmore often). 

With the use of gratings, researchers have developed a variety of reflexive, 

electrophysioIogical, and behavioural techniques to assess resolution acuiry in infants 

and young children (for reviews see Dobson & Tener, 1978; McDonaId, 1986; Skons ,  

1983). The b s t  cIass of techniques relies on the participant's innate visual reflexes and 

measures the optokinetic nystagmus (OKN) response. A series of moving black-and- 

white smipes are presented in front of the participant whde an examiner (or a set of 

electrodes attached around the eyes) records the eye movements. If the visual system 

detects the stripes, the eyes slowly follow the stimuli in the sarne direction that rhey are 

moving, and periodically refixate rapidly in the opposite direction. If the visual system is 

notable to detect the stripes, OKN will not occur. The examiner beguis the assessment 

with the widest stripes (Iowest spatial Erequency) and continues with successively 

smder  stripes (higher spatial frequencies) on subsequent tnais. The spatial frequency of 

the smdes t  stripes that can reliably elicit OKN is taken as an estimate of the 

participant's grating acuity. This technique has been used successhully with young 

children and infants, including prematureMB W children (Men & Capute, 1986; Cioni 

et al., 1997; D'Agostino et al., 1997; Gibson et  al., 1990; Manny & Fern, 1990; van Ho€-van 

Duin et  al., 1998). Unfortunately, OKN is affected by participant fatigue and 

inattentiveness, and the apparatus used in the procedure is oken very large and 

cumbersome, thus makuig it  an unlikely choice for widespread clinical use. 
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A second set of techniques consists of measurements of electrophysiologicaI 

responses horn the CM, namely visually-evoked potentids from the visual cortex (VEP). 

VEPs are elicited by placing a pattemed stîmdus (e-g., a checkerboard or grating) in 

hont  of the participant. Electrodes on the participant's scalp record the (averaged) 

elecmcd responses of the visual cortex to the stimulus. Like OKN, an acuity es timate is 

made based on the smdes t  check/smpe that elicits a reliable response (ie., the srnaIIest 

recordable amplitude). This method has dso been used successhlly with young children 

and infants, including premature infants (Gottlob et al., 1990; Kos-Pietro e t  al, 1997; 

Planek, Mushin, & Dubowitz, 1985). Moreover, unlike OKN, this method is not as 

severely ümited by participant inattentiveness. Unfortunately, VEP tends to overestirnate 

visual acuity (Riddell e t  al., 1997). Furthermore, a typical VEP assessrnent requires 

signiticant technicd training and the use of sophisticated equipment, factors which 

makes it unsuitable for extensive ciinical use- 

Traditiondy, the most cornmon method used to estimate visual acuity in non- 

verbal children has been forced-choice preferentid looking (FPL). Unlike OKN and VEP, 

this behavioural technique assesses resolu tion (grating) acuiry by relying on an infant's 

innate visual preference for a patterned over an unpattemed stimulus, when both are 

presented simultaneously (Fantz, 1958). In rnost versions of FPL an examiner, who is 

b h d  to the location of the grating pattern, makes a judgment about its location by 

relying on the assumption chat if the chüd c m  resolve the g r a ~ g ,  then he or she will 
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prefer to k a t e  on it. As with the previous techniques, an estimate of visual acuity is 

based upon the srndest resolvable g r a ~ g .  Unfortunately, due m the large nurnber of 

trials involved (ie., 20 or more per spatial frequency) and the accompanying attentional 

demands placed on young children, traditional FPL techniques have not gaîned 

widespread acceptance in clinical settings (McDonald e t  al., 1985; McDondd, Sebris, 

Mohn, Teller, Q Dobson, 1986; TeDer, 1983; TeUer, McDonald, Preston, Sebris, & Dobson, 

1986). 

A recent modification of the FPL procedure overcomes most of these 

disadvantages. The Teller Acuity Card (TAC) procedure (McDondd et  aL, 1985) consists 

of square-wave gratings mounted on lightweight, hand-held cards. Testing begins with a 

coarse, low hequency grating and progresses to h e r  g r a ~ g s  of higher spatial 

hequencies. On each trial, a trained observer, naïve to the location of the grating, makes 

an assessrnent of the child's preferential looking behaviour (e-g., direction and/or 

scrength of eye and/or head rnovements), again relying on the assumption that the child 

w u  prefer the grating stimulus over the bblank patch on each card. Each spatial hequency 

is quickly retested for as long as is necessary for the observer to make a confident 

decision about the location of the target stimulus. This method allows the observer to 

incorporate a great deal of information about the childd's response into his or her 

judgment; information that wodd  normdy be overlooked in fured-mal, traditional FPL 

procedures (McDondd e t  al., 1985; Mohn, van Hof-van Duin, Fetter, deGroot, & Hage, 
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1988; Teller e t  aL, 1986). Tescing progresses with gratings of increasing spatid hequency 

and stops when the child shows no clear preference for either side of a card. An estimate 

of resolution acuity is based upon the highest resolvable spatial frequency. The entire 

procedure c m  usudy be completed in about 5 to 10 minutes, versus 1 to 2 hours for FPL 

procedures, and is suitable for very young chiidren, including newborn infants (Courage 

& Adams, 1990; McDondd, 1986; McDondd, Ankrum, Preston, Sebris, & Dobson, 1986; 

McDonald & Chaundry, 1989). 

Unlike previous techniques, the more rime-e6cient TAC procedure also has high 

success rates for monocular (range: 66-I0o0/~; M = 89.6O/0, a = U.2) and binocular tests 

(range: 86-100%; M = 94.4Ob, = 5.9) (Courage & Adams, 1997; Fielder & Moseley, 1988; 

Hertz., 1987; McDondd et al., 1986; Mohn e t  al., 1988; Preston, McDondd, Sebris, Dobson, 

& TeDer, 1987; Schmidt, 1991; Sebris, Do bson, McDonald, & TeHer, 1987; Vital-Durand Q 

Hullo, 1989). Several studies have dso shown that acuity estirnates obtained with the 

TAC are comparable to previously established noms obtained with traditional FPL 

techniques (McDonald et al., 1985; TeUer et al., 1986), and that the procedure has 

demonstrated consistently high inter-observer (Dobson, Carpenter, Bonvalot, & Bossler, 

1990; H e m  1987; Hertz & Rosenberg, 1988; Mash, Dobson, & Carpenter, 1995; 

McDonaId e t  al., 1985) and intmobserver reliabilities (Hern & Rosenberg, 1988; Mash 

Q Dobson, 1995; McDonaId et al., 1985). The TAC has dso proven to be usehl for 

assessing other pre-verbal and multi-handicapped participants who were previously 
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though .t to be untes table (Adams & Coi mge, 1990; Courage & Adams, 1990; Courage, 

Adams, Reyno, Q Kwa, 1994; Hertz & Rosenberg, 1988; McDonald et al., 1985; Mohn e t  

aL, 1988; Preston et al., 1987; Teller e t  al., 1986). For these practical and statistical reasons, 

the TAC has gained international recognition as a time-eEcient, reliable, and effective 

assessrnent tool for widespread use in paediatric clinical settings. 

Predictive Characteristics of the TAC and ForceddChoice Preferential Lookine: Measures 

of Earlv Visuai Acuity 

Despite the chical  potentid of the TAC, the long-cerm predictability of both 

TAC and FPL measures of visual acuity is s t d  uunclear. SpecScdy, we do not know 

wherher a single cest of grating acuity during uiEancy can predict the visual status of che 

same child a t  a later age. For obvious reasons, it would be of great cllliical bene& to 

know whether an infant with poor visual acuity wiu continue to have poor visuaI acuity 

or other vision-related deficits later in Life. Moreover, accurate prediction based upon 

measures during infancy codd lead to earlier and more effective medical and educational- 

behavioural interventions, particularly for at--risk children (Boothe, Dobson, & TeUer, 

1985; Byars, 1994; Courage Q: Adams, 1997; Dobson e t  al., 1986). 

Several studies have attempted to evduate the predictive characteristics of visual 

acuity measured by FPL and, more recently, the TAC. These studies have generally 

followed one of two formats, or some combinarion thereof: (1) long-term reliability 

snidies which have considered whether early TAC or FPL acuiry estimates predict Iater 
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TAC or FPL acuity, res pectively, and (2) predictive validicy studies which have 

considered whether early TAC or FPL acuity estimates predict later measures of 

recognition acuity. To dace, results £rom these smdies have been mixed. In a longitudinal 

study of 27 healthy, füIl-term infants, Courage and Adams (1990) demonstrate that early 

binocular TAC acuity estimates do not predict later TAC acuity estimates, a t  least not 

when estimates are obtained before the first year of age. This pattern of results is dso 

reported by Ackinson and Braddick (I988), who used FPL to test over 100 hedthy infants 

with a family history of amblyopia a d o r  strabismus. In contrast, with cluiical 

populations (e-g., infants with cortical visual impairment, ROP, and/or preterm birth), 

studies show good long-term reliability for monocular FPL estimates obtained between 

the first and second postnatal year and those obtainsd up to 6 years later (Birch Q Bane, 

1991; Birch & Spencer, 1991). Furthemore, in a foUow-up study of 45 Eull-term children, 

Saunders, Westd ,  and Woodhouse (1996) report chat children with normal monocular 

FPL estimates during the firs t year of Life tend to maintain their normal visual s tatus, 

whereas visual outcome for chose children with abnormal eady FPL estimates is Iess 

consistent. 

In addition to these test-retest reliabiliy studies, cesearchers have also been 

interested in the predictive validity of a relarively early test of grating acuity. Two 

separate studies have examined FPL acuity in children who have undergone surgery to 

remove a congenital cataracte Maurer, Lewis, and Brent (1989b) show that rnonocular 



FPL esrimaces at U, 30, and 36 months of age are predictive of Snellen acuities a t  5+ years 

of age. Similady, Birch, Swanson, Stager, Woody, and Everett (1993) report good 

predictive validity between rnonocular P L  at 36 and 48 months and recognition acuity 

a t  5+ years. However, both smdies fuid contradictory results for acuities obtained at  21 

months. Maurer et aL show that FPL estimates at  2 years do not predict Snellen results at  

5 years, whereas Birch and her colleagues show a s i p h c a n t  correlation between early 

FPL estimates and Iater contrast sensitMty and recognition acuity rneasures. This 

difference between studies may be accounted for by the short attention span of 1.5 to 2.5- 

year-old participants, rather than by their actuai wual status. Studies have shown that 

children around this age are very dficult  to test and there have been numerous reports of 

high variabüity and Iow interobserver reliability with this age group (Getz, Dobson, Q 

Luna, 1992; Mash & Dobson, 1998; Mash, Dobson, & Carpenter, 1995). 

In a more recent study, Mash and Dobson (1998) measured both the long-term 

reliability and the predictive validity of the TAC. Monocular g r a ~ g  acuity es tirnates 

were obtained hom 129 at-risk children at  4,8,11,17, 24,30, and 36 monrhs of age. 

FolIow-up resdts show that ail early monocular TAC scores correlated signiticandy with 

TAC and HOlV recognition acuicy scores at 48 months (range of - -19 to 5 9  and -22 to 

-61, respectively), with the exception of the 17 month TAC estimate (1 = .13), again a result 

which may be atmbutable to the attentional capacities of children at this age. However, 

the propotion of variance that was accounted for by the earlier TAC scores was 
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relatively low (M = 9.690 and U.99'0, for TAC2 and HOTV respectively), especidy for 

children 24 months of age and younger (M = 4.4O/0 and 85%, respectively). Therefore, in 

addition to estimates of long-term reliabili~ and predictive vdidity, Mash and Do bson 

ako measured the predictive value of the TAC. For the purposes of their smdy, predictive 

value is a numerical estimate (expressed as a proportion) of the confidence a tester can 

have chat a child with a normal early TAC resdt will show normal acuity at  follow-up, or 

that a child with an initidy abnormal TAC result will demonstrate abnormd acuiq at 

foiIow-up. Resuh  of this assessrnent show that the predictive values are higher for those 

infants who obtained normal results on the k s t  TAC test, compared to those children 

who fell initidy within the abnormal range (range: -73 to -81 for normal, versus .39 to -69 

for abnormal). Similar to the findings of Saunders et  ai. (1996), this smdy suggests that 

children who score within the normal range during infancy/early childhood tend to score 

in the normal acuity range at foilow-up, whereas children with initially abnormal acuity 

tend to have less predictable patterns of visual development. 

In the most comprehensive study to date, Dobson et  al. (1999) obtained 

monocular TAC g r a ~ g  acuity estimates fÏom 575 children ('normal' group) a t  1 year of 

age. Another 111 children ('bhd' group) were also tested, but no measurable TAC 

estimates could be obtained. Similar to Mash and Dobson (l998), low but signhcant 

correlations are found between TAC measures taken during infancy and follow-up TAC 

and Sneuen rneasures taken at 55 years of age, however, they account for only 3% 
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(Snellen) and 138 (TAC) of the variability between the 1 year and 55 year acuity 

estimates. Again, the more clinicdy-relevant measures of predictive value showed that 

children who had normal visual acuity a t  1 year of age also had normal TAC and Snellen 

acuities a t  5.5 years (94.3O/0 and 86.B0/0, res pectively). Unfortunately, s m d  sarnple sizes 

did not d o w  for the cdculation of abnormal predictive values. However, it is noted that 

children who showed no measurable acuity during initial t e s ~ g  continued to have a 

very poor prognosis for any quantifiable vision Iater in Me. 

The Current Studv 

Although significant strides have been made (e-g., Dobson e t  al., 1999; Mash Q 

Dobson, 1998), the existhg literature regarding long-rem visud outcome in at-risk 

infant populations focuses primady on the incidence and progression of structural 

ocular disorders (e-g., ROP, strabismus), a d o r  on measures of visual acuity. OveraIl, 

hdings  have been mked or inconclusive and many studies have been criticized for 

having one or more obvious shortcomings (e-g., smaiI sample siles; short test-retest 

intervals; participants in only one age range; assessrnent of a s m d  array of visual 

hnctions; use of age-inappropriate tests; for a review, see Mash 4 Dobson, 1998). 

Furthemore, there has been a gened lack of long-term investigations ca address the 

overwhekning evidence that in addition to acuity loss, thcse children are at rïsk for a 

variecy of visual deficits (see Fielder, Foreman, Moseley, & Robinson, 1993). 

In the present research we attempt to overcome these sho~~comulgs by using 
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age-appropriate tests to evaluate a widevarieg of visud hnctions in a very heterogeneous 

sample of at-rïsk children. More spec ikdy ,  we attempt here to foilow-up a large group 

of at-risk infants (g = 349) who were hst  tested with the TeIIer Acuity Cards between 

the ages of 2 and 42 months' (Adams e t  al., 1994). In this follow-up, a representative 

subsample (9 = 76) of the orÎgind group (now between 2 and 10 years) is retested with 

the TAC, as well as with an extensive battery of spatial and non-spatial vision tests 

(ie., c o n m t  sensitivity, recognition acuity, resolution acuity, colour vision, periphed 

vision, stereoacuity, binocular alignment/ ocdar motility, gross astipatism). Resdts 

from the origind and follow-up tests are compared in order to answer three specific 

research questions: (1) What is the long-term visual outcome of a heterogeneous group of 

at-risk infants who experienced a variev of perinatal compJications? (2) What influence, 

if any, do individuai perinatal risk factors have on visual outcome? (3) Can a single 

es timate of grating acuity during infancy predict long-term functional vision? More 

specificdy, does a 'normal' result during intancy predict a 'normal' result in childhood, 

and does an 'abnormal' result during infancy predict an 'abnormal' result in childhood. 

To date, this research represents the most thorough examination of the outcome of 

functionai vision in at-risk infants, both in terms of the age range of the children and the 

extensiveness of the vision test battery. Furthemore, by evaluating the degree co which 

test results remain consistent over time, we wiU have conducted the rnost comprehensive 

investigation of the predictive ab% and chical  utiIity of a relatively early estimate of 



Method 

Participants 

Participants were 76 children (38 males, 38 females), between the ages of 35 and 

122 rnonths (M = 78.1 months, SD = 24.4), obtauied (see details below) from a larger group 

of 349 infants who were assessed in a previous study (Adams, Courage, Byars, & McKim, 

1994). At birth, d children had been designated as 'at-risk' and were referred to the 

Provincial Perinatal Program (PPP) in St. John's, Nedoundland, Canada. This program is 

operated by the Charles A. Janeway Child Hedth Centre and is designed to provide 

regular, postnatal developmentaVmedical assessments of at-risk infants. Chddren are 

enrolled in the PPP if they meet one or more of the following criteria: (1) birth weight less 

than or equd to 1500 grams; (2) significant neurological signs that persist beyond the 

fisc six hours after biah; (3) neonatal seizures; (4) an Apgar Score of five or less at  5 

minutes; (5) a head circumference two standard deviations below the mean at birth and 

remaining so at the time of discharge from the hospital; (6) signifïcant hypoglycaemia; (7) 

s i w c a n t  metabolic acidosis at bkth (cord blood ph Iess than 7.20 and a bicarbonate 

value of Iess than 14 or a base excess value in excess of -12). Participants in the present 

sample had a mean gestational age of 35.3 weeks (a = 4.8) and a mean birth weight of 

2416.3 grams (m = 996.0). AU medical, perinatal, infancy, and outcome data for the at- 

risk group are summarized in spreadsheet form in Appendix A 



During a t  least one of theirwits to the PPP within the fist three postnatal years, 

d of the 'at rÏsk' children (~=349)  were tested with the Teller ACU~LY Cards (TAC; see 

description below). This initial t e s ~ g  took place between 1990 and 1995. At the cime of 

testuig, the mean age of the children was U.2 months (a = l.I.7; range: 2-42 months). For 

the current study, eiigible participants were screened by a third party ernployed at the 

PPP, and a iist of contact narnes was provided. Participants were then recruited for the 

foIiow-up phase of the study based upon an exhaustive search of their local availabiliry 

and the accessibility of the* current phone numbers. After c o n t a c ~ g  the parents of the 

102 children who were stiU in the area, 79 appointments were made and 76 were 

attended. The rernaining 23 children could not participate due to parental work 

schedules (i-e., shifr work), involvement in extracurricular activities, andlor lack of 

transportation into the city. 

In addition, an age-matched 'control' sample of 61 healthy, full-term children 

(31 males, 30 fernales) was recruited by word of mouth and tested with the same 

procedure as that used with the at-risk sarnple. At the time of t e s ~ g ,  this control group 

had a mean age of 84.7 rnonths (m = 25.3), and at birth, they had a mean gestational age 

of 39.9 weeks (m = 1.0) and birth weight of 36545 grarns (a = 469.7). 

Ophthalmic Historv 

During the years prior to the present assessment, 49 of the 76 at-risk children had 

undergone an ophthalmological examination Records and information £rom the latest 



exams were obtained for 40 (81.6O/0) of these children. The records for the other nine 

(18.4O/0) children were either in permanent storage, or the eye care specialisc could not be 

reached Among the 40 children for whom records were a d a b l e ,  15 (37.596) of the 

children were diagnosed with one or more of the folIowing conditions of note: signihcant, 

but correctable, rehctive error [hyperopia greater than or equd to +2.00 diopters (D) 

spherical equivdent (n = 4), myopia greater than or equal to - 2.00 D sphericd equivalent 

(IJ = 9, astigrnatism greater than or equd to 2.00 D (g = 5) a d o r  anisometropia 

(sphericd equivdent) greater than 2.00 D (Q = I)]. The following conditions were not/ 

could not be corrected: arnblyopia (n = 4); abnormal scereo vision (n = 1); strabismus 

(z = 8); nystagmus (a = 3); overactive infenor oblique muscles (a = 4); and/or red-green 

colour deficiency (n = 1). Eight (U.IOb) of the 61 control chüdren had previously 

undergone an ophthaknic exam. According to the records obtained, only one participant 

required mild corrective lenses (+1.25 D). Othemise, there were no signiEicant diagnoses 

made, nor abnormalities observed for these control children 

Generd Procedure 

This experimentd protocol was approved by the Mernorial University FacuIty of 

Science Human Ethics Cornmittee and each parent/guardian provided wrïtten consent 

before testing took place (see Appendur B). Akhough formal (Le., written) consent was 

not provided by the chüdren (due to developmentd and maturity constraints), the 

researcher made a conscious effort no ensure that all partïcipanrs were aware that they 
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codd discontinue participation, without consequence, at  any cime. At che beginning of 

the t e s ~ g  session, the experirnenter took a brief ophthahic and generd medicd hiscory 

for each child In order to augment and venEy the ophthaLnic information provided, 

parents were asked to give writren permission for the experhenter to contact any eye 

care specialist that the child had seen in the past (see above). Parents dso voluntarily 

completed a brief ques tiomaire that enquired about their chiid's educational his tory, 

level of acadernic achievement, as weLI as the total income of the ffamily (to escimate 

socio-economic s tatus). Copies of this form and the O phthaknic/medicaI his tory f o m  are 

provided in Appendices C and D. A copy of the Ietter and form sent to the eye care 

speciaiist are provided in Appendices E and F. 

Every participant was evaluated with 12 vision tests, each of which was designed 

for preschool and early schoolage children. This battery of tests was used to assess seven 

major areas of the participant's visual status: visual acuity, conmast sensitivity, 

stereoacuity, peripherd vision, colour vision, astigmatism and binocular aiignment- 

Participants completed the tests in a 3.8 x 3.0 m Iab under bright lighting conditions 

(illumination: 1300 lux; Generd Elecrric F40-C75 fluorescent tubes) and at  a correlated 

colour temperature (6500 O K) recommended for colour vision testhg. The experimenter 

attempted to present the tests in an order and a t  a rate that was appropriate for the 

attentional level of each participant. If corrective lenses were prescribed for a participant, 

he or she was instructed to Wear them during the testing session. Each participant's test 
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resdts were recorded on a single data sheet (see Appendix G). 

Visual acuitv tests: Recognition acuitv- Both near (40 cm) and distance (3 rn) 

recognition acuity estimates were detemiined for each participant. The procedure was 

conducted at  two distances to help differentiate whether any observed acuity deficits 

were due to myo pia (nearsightedness) or hyp ero pia ( farsightedness) . Acuity es cimates 

were obtauied with three standard types of recogmtion tests; SneIien letter charts (the 

'Big F charts), Tumbhg E cham (also termed by some as 'The Illicera~e Eu), and the 

Broken Wheel test. AU charts and tests were p ~ t e d  on matte, white plastic boards of 

varying size. The Snellen and Tumbluig E charts had targets arranged in rows of 

decreasing size, whereaç the Broken Wheel test consisted of pairs of cards, with one card 

in each pair containhg a Landolt C target of a given size (see Appendices H and 1 for 

examples). The Snellen letter charts were used with those older participants (e-g., s 5 

years of age) who could identify the name of each letter. The TumbIing E charts were 

used with younger (e.g., < 5 years of age) or with non-verbd participants who could 

indicate (with a verbal response or hand gesture) the appropriate orientation (righc, left, 

up or down) of each t q e t  'E'. For aU cests, participants were first evaluated with the 

largest targets, and then tested with progressively smder  targets, u n d  he or she made 

two or more idenacation errors with targecs of a given size. The size of the smdest 

target(s) chat the participant could reliably detect was taken as an estimate of hisher 

acuiq threshold AU tests were attempted under binocular viewing conditions and both 
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the Snellen and Tumbling E were tested monocular1y. 

For the near tests (Turnbling E and HOTV), participants were seated a t  a viewing 

distance of 40 cm and the charts were presented on an adjustable stand (FeUowes Inc., 

Itasca, IL). The 14 c m  X 20 J cm Turnbling E chart (Bemefl Corp., South Bend, Ind.) 

consists of 11 rows of Es ofvaiying orientations. The 9 5  cm X 185 cm HOTV chart 

(Berneu Corp., South Bend, IN) consists of seven rows of uppercase letters (H, O, T and 

V), arranged in a random order. From 40 cm, the Snellen equivalents of the targets on 

both charts range from 20/200 to 20/20. To test distance recognition acuity, participants 

stood a t  3 m facing Iarger versions of the charts (Tumbling E, SneiIen, or  Broken Wheel), 

whkh were mounted on a larger white matteboard and suspended £rom a plastic, tubular 

flip chart stand (Bemiss-Jason Chartrnaster, Newark, CA). The 23 cm X 35.5 cm distance 

Tumbluig E cbart (Good-Lite Co., Forest Park, IL) consists of nine rows of Es of varying 

orientations and the 23 cm X 36 cm Snellen chart (Graham-Field Co.) consists of 11 rows 

of uppercase letters. From 3 m, the Snellen equivalents of the targets range hom 20/120 to 

20115. 

For the Broken Wheel Test of Visual Acuity (BerneU Corp., Sourh Bend, IN), the 

participant was shown a pair of schematic cars on 10 cm X 205 cm white plastic car& 

and was instructed to Iocate the car with the gap in its wheels. The gap corresponds to a 

standard Landolt C optotype r e p r e s e n ~ g  a specific acuicy value (Snellen equivalents: 

201100 to 20120). If a participant achieved an acuiv Ievel of 20/20 kom the standard 
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t e s ~ g  distance of 3 m. he or she was retested at  45  m. If the smdest  gap was still 

detectable a t  this distance (Le., representing an acuiqr of 20/15), che participant was then 

retested with this pair of stimuli at  6 m (i-e., representing an acuity of 20/10). 

Visual acuity tests: Resolution acuitv. The Teller Acuity Cards (TAC; Vistech 

Consultants Inc., Dayton, OH) in this study were identical to those used to assess 

participants during infancy. The test consists of seventeen 26 x 51 cm gray cards, each 

with a 5 mm cenrral peephole . Fifteen of the car& contain a 12.5 x 125 cm black-and- 

white square-wave grating which matches the gray background of the card in space- 

average 1uminance to within 1°/o. The g r a ~ g  is located to the left or the right of the 

peephole. Viewed from 84 cm, the targets range in spatial Erequency from 0.47 to 

57.0 cycleddegree (Snellen equivalents: 20/120 0 t o  20/10), in ap proximately haEdo c tave 

steps (an octave is a haIving/doubhg of the grating's stripe size). The 16th (('low vision') 

card contains a larger, 26 x 23 cm gracing composed of very wide smpes. The 17th 

'control' card contains no tgrating and appears uniformly gray. The testing procedure was 

modeled &ter the instructions provided in the TAC instruction manual and is descrïbed 

fulIy in Courage and Adams (1990). To prevent room distractions, each card was 

presented through a 22 x 47 cm rectangulzr opening in a large, three panel matteboard 

screen chat matched the card background in colour and space-average luminance. 

The experimenter, positioned b e h d  the screen, was responsible for observing 

the participant's responses through the peephole and, after as many mals with each card 
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as was necessary, making a decision about the location of the gratïng. The experirnenter, 

b h d  to the location of the grating, presented the car& to the participant in order of 

increasing spatial kequency (thicker to thinner smpes). The participant was insmicted 

to indicate the location of the grating with hand gesnires (e.g., painting) andlor with eye 

gazes. Tesring continued until the observer judged that the participant was no longer 

able to detect a parricular grating. The h e s t  grating that the participant codd detect 

was taken as an estimate of hisher visual acuicy. 

If the participant was able to detect the grating representuig the highest spatial 

frequency (57.0 cpd; Snellen equivalent: 20/10) at  84 cm, he or she was retested at  a 

viewing distance of 168 cm with the rwo cards representing the highest spatial 

hequencies (78 and U4 cpd; Snellen equivalents: 20/8 and 20/5). This retesthg procedure 

dowed for a more precise estimate of threshold. 

Contrast sensirivitv. Compared to visual acuity, contrast sensitiviv (CS) 

provides a more comprehensive evduation of spatial vision. Contrast sensitivity 

estimates contrast thresholds across avariety of spatid hequencies. These estimations are 

gaining clinicd significance because deviations in contrast sensitMty can reveal 

ophthalmologicd andior neural-based dysfunctions not revealed by tests of visual acuity. 

The contrast sensitivity test (Vistech Consultants Inc., Dayton, OH) used in this 

study consists of 45 circdar sine-wave g r a ~ g s  (radius 3.75 cm), arranged in a five row 

by nine column array on a white background. Each grating is oriented verticdy, or is 



d t e d  15" to the Ieft or the ngh t  From a distance of 3 m, the gratings in each row 

represent one of bive spatial frequencies (either 15,3,6,12 or 18 cycleddeg) and the 

gratings in each row decrease in contrast by about one octave steps (hom -30Y0 to 10.3O/0 

or CS = 3.3 to 333.3). 

The participant viewed the test kom a distance of 3 m and used a verbal response 

or hand gesture to indicate the orientation of the gratings. Row order was randomized 

across participants, but gratings within a row (i-e., each spatid hequency) were always 

tested in an order of decreasing contrast. The procedure continued u n d  the participant 

indicated thac he or she could no longer see the gracing or u n d  he or she made two 

successive mistakes w i t h  a particdar row. The Iast g r a ~ g  seenhdicated was taken as 

an estimace of the contrast threshold for that spatial frequency. 

Stereoacui~. The Stereo Fly Test (Stereo Optical Co., Chicago, IL) is designed to 

assess the degree of stereoscopic depth perception, an  index of the development of 

comcd binocular ceUs. The participant was seated and the test was presented on an 

adjustable stand (Feuowes Inc., Itasca, IL) a t  a viewing distance of 40 cm. The 

participant wore a pair of polarized glasses and these were always in place before the 

stimuli were shown. In the event that a participant required corrective lenses, the 

polarized glasses were wom over them. The test contains a senes of stimuli, each of 

which has a specific degree of crossed dispariv. If seen by a participant with normal 

fusion, the target stimuli wiU appear to 'stick out' tfom the page. Participants were 
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ïnstnicted to indicate the location of these three-dimensional stimuli with a verbal 

response or a hand gesture. In generd, testing began with a stimulus with high disparity 

and progressed with stimuli of lower dispariq- The last stimulus detected (Le., the 

stimulus representing the £inest Ievel of dispari~) was taken as an estimate of the 

threshold of stereopsis. 

Specificdy, the Stereo Fly Test contains three related tests. They are, in order of 

increasing d~cuIty/precision, 1) the 'house fiy' test, 2) the 'animal' test, and 3) the 

'circle' test. The house fly test is fust used to establish the presence of gross stereopsis 

(approximately 3000 seconds of arc). The participant was uistructed to 'pinch' the fly's 

wing between hisher thumb and forehger. If stereopsis is present, the participant's 

fingers remain above the plane of the picture duMg the task h the absence of stereopsis, 

the picture appears as a flat photograph and the pamcipanc's fingers touch the surface of 

the picture. 

In ~ h e  anUnal test, three rows of common anima1 figures were presented and the 

target stimulus withui a given row represents an approximate disparity of either 100, 

200, or 100 seconds of arc. If the participant was unable to point to the location of the 

three-dimensional stimulus in one row, but was able to make the more dÏf£icuIt 

discrimination on the subsequent row, he or she was retested on the missed line to 

confirm the results on the subsequent row. 

The circle test is designed to assess h e  dep th discrimination. It consis ts of nine, 
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4-circle clusters, with one of the circles (the target) in each cluster containhg a specific 

degree of disparity. The participant's initial task was to  identify the large-disparity target 

circle (800 seconds of arc) located w i t h  the k s t  cluster, and then to proceed with 

clusters containhg targets with lesser and lesser disparicies (to a minimum of 40 seconds 

of arc). Testing c o n ~ u e d  u n d  the participant made two successive rnistakes or gave up. 

As with the animal test, retesting was used to confirm resdts. 

Binocular ~eripherd vision. The Field of Vision Disk (Hubbard Scientific, 

Chippewa Fds, WI) is designed to assess the limits of the horizontal plane of binocular 

peripheral vision. While seated, the participant held the disk to hisher forehead using 

the handles provided and was instructed to look straïght ahead a t  a central target. A 

parent observed the participant to ensure chat hisber eyes remained h a t e d  on the 

centraI target throughout the test. Standing b e h d  the participant, the experimenter 

slowly moved a second penpheral target toward the front of the disk. At the onset of the 

trial, the penpherd target was out of view and, as the experimenter moved it inward, the 

participant was instructed to indicate when the target could h s t  be seen. The test was 

performed cwice in both the left and right penpheral fields and the average of the two 

measurements (in degrees) was taken as an estimate of the limit of the participant's field 

of binocular vision on each side. The sum of the right and left side measurements was 

recorded as the full range of horizontal binocular peripheral vision. 
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Colour vision. The 38 plate edition of the Ishihara Pseudoisochromatic Colour 

Plates (Kanehara and Co., TokyoJapan) was used to screen for the most comrnon 

congenid colour vision deficiencies; protanopia, deuteranopia, protanomdy, and 

deuteranomaly. Although the test is designed to be viewed a t  a distance of 75 cm, it was 

necessary to modify the procedure to accommodate the younger participants. The plates 

were placed on a tabletop and the participant was instructed to sit as Ear back as was 

cornfortable and reaçonable. On average, the test distance was 60 cm (r10 cm). 

O d y  the preschool portion of the test was used (plates 26 to 38; the 'fiterate 

plates'). The participant's task was to trace the winding line between two Xs on a 

particular plate with the pauit b w h  provided. The experimenter watched the tracing 

attempcs and determined if the participant was able ro follow the proper h e  accurately. 

If the experimenter detemiined that a tracing was inaccurate, the participant was 

retested (when possible) with the equivalent numeral (addt) plate to con£irm rhe 

response. 

Gross astimatism. A gross screening chart (Graham-Field) was used to detect 

astigmatism. The chart consists of a fan-like, 180" array of black Iines, spaced 10" apart, 

on a white background. The test was mounced on a white matteboard and suspended at  

eye level from the flip chart s tand Testing was conducted at  the standard viewing 

distance of 6 metres. The participant was instrucred to look a t  the array and describe 

whatever he or she saw. To a participant without an astigmatism, all of the lines appear 



clear, equaily black and equdy  spaced. To a participant with an uncorrected 

astigrnatism, lines of some orientations may be weU focused, but Lines of other 

orientations may appear ' f u q f  or unclear. AltematÏvely, the as tigmatic lines may appear 

lighter or less black than others. To assist some reluctant participants, non-leading 

questions about the array were asked (e-g., 'What colour are the Lines?', 'Are d the lines 

suaight?'). If the participant responded negatively to these questions, a further 

explmation was sought (e.g., 'Which h e s  are not straight?" 'Which Lines are fuay?'). 

The angle of any line that the participant described as unclear/abnormal was taken as an 

e s h a t e  of the a p p r o h a t e  angle of the astigmatism. 

Binocular aügnmentlocular moriüty. A simple orthoptic examination was 

performed to assess three aspects of the participant's ocdar alignrnent; corneal Iight 

reflection (the Hirshberg Test), convergence and mcking. For the comed Iight test, a 

penlight was used to shine a bearn of light into the pamcipant's eyes. Normal eyes d 

reflect- the light hom the centre of both pupils, whereas displacements from centre 

indicate the presence of a strabismus. Esotropic (eye tums in), exo tropic (eye tums out), 

hypertropic (eye m s  up) and hypotropic (eye tums d o m )  fixations were recorded- 

To test for convergence, a figurine was mounted on the penlight and presented 

approximately 30 cm hom the participant's eyes. The participant was then insmicted to 

stare at the figurine as i t  moved toward him/her. As the object approaches, normal eyes 

wiil turn coward centre a t  the same rate/time. Abnormal convergence conditions (e-g., 



eyes did not turn at  same t imehte; one eye turned while other did not) were recorded. 

The figurine was again used to test tracking. In this case, the participant was 

instructed to follow the moving figurine with hisher eyes, whiie keeping hislher head 

s d .  To prevent any head movements in younger partîcipants, it was s o m e b e s  

necessary to hold the chin in place during the task The figure was moved to the left, 

rïght, up and d o m  and any mckuig abnormalities were noted (e-g., both eyes did not 

track at  the same rate; one eye didii' t track beyond a certain point). 

ParticipandParent Debriehg 

At the end of the testing session, the experimenter provided the participants and 

the parents with a debriefing f o m  (see Appendices J and K) which described the 

purpose of rhe study and the parents were encouraged to ask any questions about the 

study or its procedure. Parents were inforrned that this was not a full visual exam, but if 

the researchers noted abnormalities or below average performance on any of the vision 

tests, the parents were contacted within two weeks of the testing date by the s u p e ~ s o r  

of the research team. In the event that an additional ophchalmic exam was recommended, 

the parents were encouraged to contact the researchers with the results of that exam. 

Resdts 

A. Surnmarv S tatistics 

i) Completion rates. Of the 76 at-risk children recruited, 36 (4796) completed the 

encire battery of 17 tests. However, success rates varied directly with age. For exarnple, 



none of the pamcipants under 5 years of age were able to complete ali of the tests, 

whereas 800/0 of the 8 to 10-year-olds completed the entire battery. On average, 

participants completed U5 tests (m = 4.4; range: 2-17) and the number of tests 

completed increased with participant age (see Table 1). For example, TabIe 1 shows that 

2 to 3-year-olds completed an average of 6.3 tests (m = 2.8), whereas 9 to 10-year-ol& 

completed 16.7 tests (m = 0.7). Success rates also varied among the different tests. AU 

participants were able to complete the TeUer Acuiv Cards (TAC), and administration of 

the binocular digrment exam was also highly successN with completion rates of 100°/~, 

87%, and 95% for the reflection (Hirshberg Test), convergence, and tracking portions of 

the exarn, respectively. Completion rates for the Broken Wheel and Ishihara tests were 

dso high at 87O/0 and 86O/0, respectively. Conversely, rnonocular distance acuity and 

peripheral vision tests had the worst rates (both 61°/o), with the vast majoriq (83O/0) of 

the incornplete tests shown by children under 6 years of age. The less than op h a 1  

comple tion rate for the youngest participants was likely due to the fact chat the majority 

of the vision tests were designed for school-age children. For the most part, the reasons 

for a chiid failing CO complete a test included an inability to understand the testing 

instructions (e-g., peripheral vision test), a short attention span (e-g., monocular distance 

acuity test), and/or a lack of CO-operation and motivation. The average testing thne for 

the at-risk participants was 36.2 minutes (ç0 = 14.3; range: 20-120 minutes). 

Cornpletion rates for the full-term control participants were sunilar, with 37 
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(61%) of the 61 participants c o m p l e ~ g  d of the tests. As was the case with the at-risk 

participants, none of the control participants under 5 years of age were able to complete 

the entire battery of tests, whereas 89O/0 of the 7-year-olds and 100% of the 9 tol0-year- 

olds completed all the tests. On average, the control participants completed 15.3 tests 

(m = 2.9; range: 2-17) and similar to the at-risk participants, the number of t e s t s  

completed increased with participant age. For example, 2 to 3-year-olds in the cmntrol 

group completed an average of 8.6 tests (a = 3.9) and every 9 and 10-year-old completed 

ail 17 tests. However, the mean tes ting time for the control participants was only 21.6 

minutes (a = 4.2; range: 10-35). This is lower than the mean reported for the at-risk 

group (36.2 minutes), iikely because a few participants in the at-riçk group who ~ o o k  

well over an hour to complete the battery. Furthemore, because the control gromp was 

tested &ter the at-risk group, the experimenter was more familiar with the testing 

procedure and may have been able to administer the tests more eEciently. Overall, 

however, there were few differences berneen the at-risk and control groups' general test- 

taking performance. 

ii) Reoresentativeness of the at-risk sam~le. The 76 at-risk participants in this 

snidy were selected fiom a larger group of at-risk participants ((n = 349) who, as 3 to 36- 

month-old infants/toddlers, had been assessed previously with the TeUer Acuity G a r d . .  

As mentioned above, every effort waç made to contact as many of the original 

participants as possible. However, for several reasons, it was not possible to r e c u i t  a 
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large number of them (e.g., telephone number no longer in senice, moved out of the area 

during the intervening 5 years). Due to these recruitment problems, there was concern 

that the current group of 76 participants may represent a biased or selective sample of at- 

risk pamcipants. Therefore, i t  was necessary to determine whether the 76 at-risk 

participants in the present smdy were actudy representative of the original 349 

participants. 

in order to evduate representativeness, a like number of participants (n = 76) was 

chosen a t  random boom the original study group of 349, and this group was compared 

with the current study group on a number of critical perinatd measures. Resdts boom 

t-tests showed chat the grooups did not differ significantly (d p > 0.28) on measures of 

birth weight (M = 2416.3 vs. 2529.7 grams), Iength of gestation (M = 35.3 vs. 35.8 weeks), 

nurnber of risk factors (M = 2.7 vs. 2.7), nurnber of days vendated (M = 7.4 vs. 4.8), grade 

of inmventricular haemorrhage (NH; &f = 1.7 vs. 1.3; range: 'I' low to '4' high), Neonatd 

Medical Index (NMI) classification2 (M = 2 5  vs. 2.7; range: '1' best to '5' worst), 

developmentd quotient duMg Uifancy (DQ; M = 99.3 vs. 105.9), age at the TAC test 

(M = 13.2 vs. U.0 weeks), nor on acuity card score/classification (M = 3.9 vs. 3.9; range: 

'1' best to '6' worst). These results suggest that the present group was representative of 

the original study group (at least based on these variables) and was not an atypical or 

select subsample of at-risk infants. 



B. Cornparison of the At-Risk to the Full-Term Control Group 

Each participant was administered tests of contrast sensitivity, monocular and 

binocular near and distance acuity (both recognition and resolution), stereoacuity/ 

stereopsis, colour vision, peripherd vision, gross astigmatism, and binocular 

alignmentlocular morility. For most of these tests, each participant's performance was 

claçsiEied as either 'normal', 'suspect' or 'abnormal' for that particdar visuai function 

and for that child's respective age. However, for the Broken Wheel, colour vision, gross 

as tigmatism, and binocular alignment exams, test results were classified only as either 

normal or abnomal. These ~Iassifications were made based on standardized 

international noms  obtauied from a nurnber of sources. Appendix L provides 

speci6ication of the norms/critena used for the classification of each test. As seen in 

Appendix L, n o m s  for n e z  and distance acuiy (resolution and recognition), peripheral 

vision, gross astigrnatism, and the binocular alignment exarn were based on those used in 

standard Canadian paediamc ophthalmology practice. N o m s  for the Ishihara Colour 

Plates (Kanehara and Co., Tokyo, Japan) and contrast sensitMty test (Vistech 

Consultants Inc., Dayton, OH) were obtained hom the manufacturer of the test, and 

passlfaii criteria for the Broken Wheel test were provided by a preschool vision screening 

program (Preschool EMchment Team, Inc., Holyoke, MA). Findings from previous 

research provided the n o m s  for the tests of Teller grating acuity (Courage & Adams, 

1990), contrast sensitivity (Courage, Piercey, & Adams, 1997), and stereoacuity/ 



stereopsis (Tatsumi & Tahira, 1972). 

I o  compare the at-risk and control groups' performance on each of the vision 

tests within the battery, separate chi-square analyses were pedormed (see Table 2). 

SpecScdy, the chi-square test was used to derennine whether the ob tained kequencies 

for each classification (normal, suspecr, abnomal) dEered between groups. In order to 

overcome the problem of ernpty celIs and low frequencies in the chi-square cdcdations, 

it was sometïmes necessaty to combine the suspect and abnormal resultç. This accounts 

for the rnajority of the analyses having & = 1, versus = 2. The fkst seven tests in Table 2 

(contras t sensitMty, monocular near acuity, binocular near acuicy, monocular dis tance 

acuity, binocular dis tance acuity, TAC, and binocular 'Broken Wheel' acuity) represent 

rneasures of spatial vision, arguably the most important aspect of visual functioning. 

These results are the most important because they evaluate (or estimate) a participant's 

performance on Snellen-rype tests. The Snellen charts (e-g., the 'Big E' charts) are the 

most cornmonly used for testing visual acuity in adults and are considered the 'gold 

standard' within ophthahological testing. As shown in Table 2, the at-risk and control 

groups differed signifcantly on the majoricy of these spatial vision tests (contrast 

sensitivity, monocular near acuity, binocular and monocular distance acuity), as welI as 

on tests of stereoacuity/stereopsis, monocular peripheral vision, and binocular alignrnent 

(d p < .001). As a group, the controls performed better on of these tests (see Table 3 

for the raw data). Thar is, among those who completed each test, the control group had a 
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sigmficantly greater percentage of its scores in the normal range chan did the at-risk 
% 

group [e.g., contrast sensitiviqc 9l0/0 vs. 76O/0; monocular near acuity (mean of left and 

right eyes): 990/0 vs. 78%; binocular distance acuity 8S0/0 vs. 6l0/0; monocular distance 

acuity (mean of Ieft and right eyes): 63% vs. 30%; stereoacuity: 97% vs. 8296; monocdar 

peripherd vision (mean of left and right eyes): 96O/0 vs. 7I0/o; binocular alignment (mean of 

the three tests): 9B0/0 vs. 920/0]. It should be noted that although the control group 

performed better on the rnonocular distance acuiy test than did the at-risk group, both 

groups' overail performance on this test was poor (i-e., only 63% of the control group 

participants and 3O0/0 of the at-risk participants who completed the test 'passedn it). This 

may be accounted for by the participants' short attention span andlor distractibility, 

which is greatly affected by the use of an eye patch at  the greater testing distance. The 

contrd and at-risk groups did not differ significantly on tests of binocular near acuity 

(100% vs. 8g0/0), grating acuity (TAC) (98O/0 vs. 97O/0), broken wheel acuity (10O0/0 vs. 

970/0), Ishihara Colour Plates (10O0/0 vs. 94O/0), or gross astigmatism (9i0/i vs. 92010) 

(ali g > -05). 

C. Iduence of Individual Risk Factors on Visual Outcome 

Aside from comparing the visual outcome of the at-risk participants to the 

healthy, hil-term controls', another goal of this smdy was to determine if speci£ic 

perinatd risk factors have an impact on visual development. However, because there 



were so many risk factors present arnong the group, we oniy considered those risk factors 

(Q = 12) that were experienced by five or more participants (see Table 4). Due t o  low 

sample sizes within the risk factor subgroups, very informal analyses were used to 

compare the visud outcome of those participants who experienced a particular risk 

factor with the outcome of the at-risk group as a whole. Specifically, each subgroup was 

compared to the entire group on the basis of mean percentage of tests fded at  follow-up, 

as weU as on mean monocular and binocular acuity outcomes. Data for the entire at-risk 

group (see bottom row of Table 4 and Appendix A) show that the mean percentage of 

tests f d e d  a t  follow-up was 1B0/0, the mean overd monocular acuity estimate was 

suspect ('Sa), and the mean overall binocular acuity estimate was in the low end of the 

normal range ('N- '). Table 4 dso summ&es each risk-factors subgroup's mean failure 

rate and both visual acuity outcomes. For cornparison purposes, a mean dBerence of 10°/0 

or more between the percentage of tests failed by the entire group versus the percentage 

of tes= failed by a subgroup was considered "notable". For the acuiq measures, a mean 

difference of two or more categories was considered notable. As shown at  the end of 

Appendut A, mean acuity estimates are grouped into the following categories/ranges: N = 

normal; N- = low end of normal range; S+ = high end of suspect range; S = suspect; S- = 

low end of suspect range; A = abnormal. 

The data in Table 4 show that the occurrence of seizures, bronchopulmonary 

dys plasia (BPD), pneumothorax, andior necro tizing enterocolinç (NEC) may have been 
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related to higher test fadure rates a t  foUow-up (M = 3l0/0, 2S0/0, 35O/0, and 4Z0/o, 

res pectively, versus 18% for entire at-risk group). Furchermore, the NEC su bgroup also 

had notably lower monocular& = A) and binocdar (M = S-) acuity outcomes than the 

at-risk group as a whole (M = S and N-, respecrively). Mean binocular acuity outcome for 

the BPD subgroup was dso lower than the mean binocular acuity reported for the entire 

at-risk group (M = S versus N-, respectively). I t  is important to note, however, that these 

observations are only suggestive, as a much larger sample size and formal statisticd 

analyses would be necessary before definitive concIusions can be made. 

D. Correlations Between Measures Taken During the Perinatal Period. Infancv, and 

childhood 

ï) rnlanation of measures. A longitudinal summary of each at-risk participant's 

data is shown in Appendix A. The appendix is s u b d ~ d e d  according to three time 

perÏods: 1) each participant's birth and risk factor information duMg the perinatal period 

is shown in the first 22 columns, £rom DOB to NMI; 2) his or her graring acuity 

performance and developmental quotient at the original testing session during infancy 

(ages 3 months to 3 years) are shown in the next seven colurnns, £rom Test 1 to z-score; 

and 3) summary information about his or her ove& performance on tests of grating and 

recognition acuity at the follow-up session during childhood (ages 3 to 10 years) are 

shown in the last seven columns, from Test 2 to Worst. 
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The data shown in Appendix A represent variables which are bo th  continuous 

and categoricd in nature. However, perhaps the most cntical concinuous measure for the 

purpose of the present study was the participant's acuity z-score obtained during 

infancy. This is shown as z-score in the 29th column of Appendix A (range: -4.4 to 2.7) 

and was based on a participant's TAC score during infancy relative to established noms 

for his or her specific age (see Courage & Adams, 1990). This measure was of particdar 

interest for determinhg whether an early TAC score can predict later acuity, particularly 

measures of standard recognition acuity. O ther continuous variables shown in Appendix 

A include participant birth weight (BW; range: 620 to 4170g), length of gestation (GEST; 

range: 23 to 42 weeks), the number of rïsk factors experienced during the perinatd 

period (RF; this value represents the sum of occurrences from the previous 17 colurnns in 

Appendix A; range: 1 to Il), the developmental quotient measured during infancy (DQ; as 

assessed with the Griffith's Scales of Infant Developrnent; range: 36 to 141). and the 

percentage of tests that the participant f ded  a t  the folIow-up session during childhood 

(O/O fd; range: O to 60°/0). 

The categorical variables shown in Appendix A include the partÏcipantls perinatal 

Neonatal Medicd index classÏfication (M; categories: '1' best to '5' worst; see Komer 

et al., 1993) and his or her categorized TAC acuity estimate during infancy (TACI; based 

on estabüshed age-related noms from Courage &Adams, 1990; range: '1' besc to '6' 

worst). Also included in Appenduc A are conservative (i.e., worst case) evaluations of 



each participant's geneal performance on the foIIow-up acuity tests. For these 

evduations, each participant's visual acuity status during childhood was classified as 

either 'normal', 'suspect' or 'abnormal', based on the lowest estimate he or she obtained 

onan)! of the follow-up acuity measures. For example, if a participant obtained an acuity 

estimate in the abnormal range for one particular test, despite d other estimates being 

normal or suspect, he or she would be classified as uabnorrnal" on this worst case index. 

Three separate classifications were assigned to each participant, the £irst based upon his 

or her performance on d monocular acuity tests combined (MONO) and the second on 

all binocular acuity tests combined (BINOC). The third classification was a conservative 

estimate of overall acuity status and was based on the worsc result that emerged when 

both monocular and binocular acuity estirnates were combined (WORST). 

ii) Explmation of anaivses. Resdts £rom the three tirne periods (perinatd, 

Kifancy, and childhood) were compared to determine if measures taken a t  the same time 

agreed with each other, and if early rneasures correlated with later ones. However, we 

were perhaps most interested in dete:ermining whether perinatal results codd predict 

results during infancy and/or childhood, and whether resdts during infmcy could 

predict those a t  foHow-up during childhood. Pairwise Pearson and Spearman 

correlations were caiculated on a selection of perinatd (BW, GEST, ELF, NMI), Ïnfancy 

(DQ, TAC1, Z), and childhood (%fail, MONO, BINOC, WORST) measures. Results of 

these analyses are shown in Tables 5 and 6, respectively. I t  should be noted that because 



Spearman correlations measure relationships among categoricd data, it was necessary to 

transfomi some of the CO~MUOUS variables for the purposes of these analyses. As such, 

some of the categorized continuous variables found in Table 6 are not found in Appendix 

A These variables include categorized birth weight (BWCAT; categories: '1' = 501-IOOOg, 

'2' = 1001-fiOOg, '3' = 1501-2000g, '4' = 2001-ZXOg, '5' = 2501-30OOg '6' = 3001-3500gy 

"7' = 3501-4500g). categorized length of gestation (GESTCAT; categories: '1' = 29 weeks 

of Iess, '2' = 30-32 weeks, '3' = 33-35 weeks, '4' = 36-38 weeks, '5' = more than 38 weeks), 

and categorized number of perinatd risk factors (RFCAT; categories: '1' = 1, '2' = 2, 

'3' = 3-4, '4' = 5-11 risk factors). 

iü) Com~arisons between concurrent measures. Overd, the results show that 

significant associations exïsted between most variables measured concurrently; that is, 

between vanables mesures during the same tirne period. The initial set of cornparisons 

(shown roughly diagondy in Tables 5 and 6) indicate chat most of the perinatd 

measures were correlated significantly. For example, as shown in Table 5, birth weight 

was positively associated with gestation (1 = - 8 8 9 , ~  < .0005), and inversely related to the 

number of p e ~ a t d  N k  faccors (r = -565, p < .0005). Similady. gestational length was 

inversely related to both the number of perinatal risk factors (see Table 5; g = - .685, 

g c -0005) and NMI classification (see Table 6; r, = -.307, g < -005). Table 6 shows that 

NMI class5cation was positively associated with the number of peMata1 risk factors 

(r, = .596,g < -0005). These results support previous hdingç char infants with higher 



birth weights are generally healthier and experience fewer complications at or around 

birth than infants with low birth weights. For iIlustration, Figure 1 shows the 

relationship between NMI classification and perinatai cisk factor category. Although 

scatterplots are standard for data of this nature, many of the data points were identicai, 

thus the resulu are surnrnarized in a bar graph. For this figure, and ail those subsequent, 

sigdicant correlational relationships are denoted by the inclusion of the correlation 

coeEcient (at the top of the figpre), and a Iine of best fit (based on the raw data) has been 

added to heIp depict the direction of the relationship. 

In terms of concurrent measures taken during the other cime penods, the 5th 

column of Table 5 shows the correlation coefficient for the ~o measures (DQ and acuity 

z-score) taken at  the same session during infancy. Surprisingly, this value was not 

signiEicant (1 = -174, g = .07). FinaIIy, the end of the Iast section of Table 6 shows that all of 

the mos t irnportan t acuity-related variables a t  follow-up during childhood correlated 

with each other. For instance, overall binoculâr acuity was associated with both overd 

monocular acuiq (r, = -562, p < -0005) and worst case acuity (1; = .663, g < -0005). Similady, 

the overd monocular acuity estimate was related to the woe t  case acuity estimate 

(r, = -979, E < .0005), a resdt which is not surprising, given that most of the wont  case 

scores were based on rnonocular acuity resdts. 

iv) Com~arisons between measures taken durina the ~erinatal and infant periods. 

Most of the rniddle section of Table 5 shows the correlations between perinatal and 



infat measures. For exarnple, the number of risk factors expenenced during the 

perinaral penod is inversely related to the participant's acuity z-score during later 

uifancy (g = -.190, p = .05). To illusrrate this, Figure 2 shows that infants with lower 

acuity z-scores gene* expenence more perïnatal risk factors than infants with higher 

z-scores. Additionai results in this section of Table 5 show that birth weight, length of 

gestation, and the number of risk factors the participant experienced during the perinatal 

period were all significantly correlated with D Q  measured during idancy ( E  = -316, 

g < -005; = ,388, g < -0005; g = -.315, p < .005, respecrively). For instance, Figure 3 

illustrates that infants with higher DQs generally experience fewer risk factors at or 

around birth than pamcipants with lower DQs. However, the middle section of Table 6 

shows that categorized infantile grating acuiry did not correlate with either birth weight, 

length of gestation, number of perinatal risk factors, nor NMI cIassScation (dg > 28). 

These results suggest that D Q  is a more sensitive outcorne measure than the TAC, a t  

least a t  this age. 

v) ComparÏsons between measures taken durine the perinatd and childhood 

periods. Sigmbcant positive correlations were found beniveen birth weight and estimates 

of overd  monocular acuity, overd binocular acuiv, and wont  case acuity (see first 

number in each of the last three colurnns of Table 6; r, = -232, g < -05; r, = 212, p = .05; and 

r, = -232, Q < -05, respecrively). For illustration, Figures 4 and 5 show that as birth weight 

increases, participants' overall binocular acuity and worst case acuity outcornes improve. 
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Results in the top pomon of the last column of Table 5 show chat none of the 

perinatd measures (birth weight, length of gestation, nor number of perinatd risk 

factors) were si@cantly correlated with the percentage of tests that the participant 

f d e d  at  foIIow-up during childhood (d p > -07). For illustration, Figure 6 shows that 

there appears to be Little relation between the mean percentage of fouow-up tests failed 

and the length of gestation (g = -.043, p = 36). 

vi) Comuarisons between measures taken during the infant and childhood 

periods. One of the key goals of this study was to determine whether an estimate of 

acuity taken during infancy (notably Teller g r a ~ g  acuiq) can predict later standard 

measures of childhood acuity (e.g., Snellen recognition acuity). However, as s h o w  in the 

last mw of Table 6, infants' grating acuity (as measured by the TAC) and d three follow- 

up measures of acuity during childhood did not correlate (alle > -26). For example, Figure 

7 iuustrates the Iack of a s i ~ c a n t  relationship between pamcipants' Teiler g r a ~ g  

acuity duMg infancy and overd binocular acuity during childhood (1; = -.052, g = -33). 

Results shown a t  the bottom of the Iast two columns of Table 5 dso suggest a Iack of 

association berween any of the infant and childhood measures. As illustrated in Figure 8, 

there is Little relationship (and wide varÏabiliry) between the mean percentage of tests 

faiied at foIIow-up and participants' DQ d u ~ g  Uifancy (g = - -042, p = 36). Similady, 

Figure 9 shows Little correspondence between the mean percentage of tests f d e d  a t  

follow-up and participants' acuity z-score during infancy (E = - -167, p = -08). Furthemore, 
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Figure 10 iUustrates that even when one examines ody those participants at the 

extremes of the distribution, it appears that participants who had the highest acuity z- 

scores during infancy (Le., TAC category 1 or 2) have about the sarne distribution of 

failure rates as those participants who had the lowest acuiry z-scores during infancy (i-e., 

TAC category 4 or 6). This suggests that even extreme TAC scores (both high and Iow) 

do not correlate with long-term visual outcome. 

vii) Aee - of patici~ants.  Results of Pearson and Spearman correlationd analyses 

above showed that no significant conelations exïsted between infant and childhood 

measures. One possible explanation for the lack of correlations may be the wide age 

range (2 to 42 months of age) and the large corresponding developmentd differences 

be tween participants at the time of the original TAC test Given the rapid visuai 

development of infants, a test score kom a 2-month-old may nor: be as predictive of later 

visual functioning as a score hom a 42-month-old. To test this possibility, participants 

were subdivided into three relatively equal-sized subgroups based on their age at the 

original infant acuity test (2-5 months, 6-15 months, and 16-42 months; = 24,28, and 21, 

respectively). Pearson and Spearman correlations were recdculated for each age group to 

compare measures from infancy (DQ, 2, TAC1) to those from childhood @fail, MONO, 

BINOC, WORST). Results showed chat no apparent trends emerged £rom these analyses 

(range: g = -07 to .49). However, Figure Ll h t r a t e s  that for participants in the 16 to 42- 

month-old group, the relationship between acuity z-scores and the percentage of tests he 



or she failed at follow-up during chüdhood approaches significance (g = -312, p = -07). For 

reasons discussed above, i t  is reasonable to suggest that this relationship may have 

reached s tatistical significance had the sample size been larger (Mash & Do bson, 1998). 

Mi) Familv income of participants. The correlational analyses showed that 

measures taken during infancy do not correlate with those taken during childhood, even 

when age/ developmental difterences at  the original t e s ~ g  were taken into 

consideration. To test for possible effects of family iocome, participants were grouped 

into one of three income categones: $39 000 or less, $40 000 to $59 000, or $60 000 or 

more per year (Canadian dollars). According to 1996 Nedoundland (Avalon Region) 

census data, the average family income for this area was $47 797/year, suggesting that the 

mean family income for this group was representative of the population in the study 

region (M = $40 000 to $59 000 category). Pearson and Spearman correlations were 

recalcdated for each income subgroup, comparing infancy (DQ, 2, TAC1) and childhood 

(%fail, MONO, BINOC, WORST) variables. Aside £rom one s i m c a n t  relationship (see 

Figure 12), the results showed a generd Iack of association between infant and childhood 

measures when participants were grouped according to Ievel of farnily income (range: g = 

-12 to 50). Figure 12 shows that, for the subgroup with the highest farnily income 

($60 000+/year), acuity z-scores duruig infancy are inversely related to the percentage of 

tests faiied at  foliow up during childhood (g = - .39,p < .OS). This suggests that higher 

acuity scores during infancy tended to be associated with Iower test fdure rates at 



foilow-up and lower infant acuity scores were associated with higher foIIow-up failure 

rates. This h d i i g  suggests that, compared to participants bom the lower income 

groups, participants from the highest income f a d e s  are more likely to have visual 

outcomes that are quantitatively consistent with their infancy assessments. 

E S~ecificitv. Sensicivitv, and Global Validity of the Teller Acuitv Card Results During 

Infancy 

Resdts from correlational analyses failed to uncover g signifcant associations 

between measures taken during infancy and those at follow-up. For this reason, we 

attempted a more ciinÎcaliy-onented method for evaluating prediction, namely CO 

determine the degree to which che category of a test result remains consistent over tirne. 

In O ther words, the degree to which a 'normal' result during S a n c y  predicts a 'normal' 

result in childhood and an 'abnormal' result during infancy predicts an 'abnormal' resuit 

in chiidhood. In order CO evduate these categorical consistencies, and to determine how 

accurately and consistently the test could detect (or rule out) a disorder, we calculated 

the specincity, sensiciviy, and global vaIidity of the infant TAC test' (Kushner, Lucchese, 

& Morton, 1995). 

i) Explanation of measures and analvses. In order to determine the specificity, 

sensitivity and global validity of the early TAC measure, participant's infant TAC result 

and his or her fouow-up test results were f i s r  classified as either normal or abnormal, 



based on noms used in standard Canadian paediamc ophthalmology practice. Because 

the irifant TAC results are based on binocdar acuity estimates, the calcularions of 

sensitMty, speci£icity and global validity were made only for the binocular tests a t  

follow-up (e.g., contrast sensitivity, binocular near and distance acuity, TAC, Ishhara 

colour plates, stereoacuity/stereopsis, broken wheel acuity, binocular alignrnent, and 

gross astigmatism). Specificity refen to the percentage of participants who have normal 

vision according to one of our tests at foIIow-up (e-g., binocular near acuity), and who 

also had normal results on the TAC test during infancy. Following Vital-Durand, Ayzac, 

and Pinzam (1996), specificity was calculated by d ~ d i n g  the number of participants 

who had normal test results at both the original TAC session during infancy and the 

follow-up session during childhood (Le., joint occurrence) by the number of participants 

who had normal test results at the fouow-up session during childhood (irrespective of 

the resdt obtained during infancy). In contrast, sensiciviv refers to  the percentage of 

participants who show abnormal results on a follow-up test, and who aiso showed 

abnormal TeDer grating acuity results during infancy. As such, the sensitivity of the test 

was calculated by d ~ d i n g  the number participants who had abnormal test results a t  

both the original TAC session during infancy and the follow-up session during chddhood - 
by the number of participants with abnormal test results a t  the foIIow-up session during 

chddhood (Vital-Durand et  al., 1996). Thus, sensitivity and specificity values are 

analogous to  the cdcdation of a conditional probability (Le., the probability of obtainuig 



a spec5c follow-up result, @en a specgc 0rigina.I result). For the purposes of the 

current smdy, results of the specificity and sensi- calculations were operationdy 

d e h e d  as follows: 80-100°/o = 'high' specificitylsensitivi~, 60-7990 = 'moderate' 

specificicity/sensitivity, and 5g0/o or less = 'low' specificity/sensirivity. 

ii) Group results. Sensitiviv and specificity scores were calcdated for the at-nsk 

group as a whole, and were dso recalcdated for the age subgroups (i-e., 2 to 5 months, 

6 to 15 months, 16 to 42 months) described previously. These age-group calculations 

were uicluded to evaluate whether or not the sensitivity and specificity of infant TAC 

results varied with age. As shown in the hrst column of results in Table 7 (all ages), the 

TAC was a highly specific test for the group as a whole (M = 0.84), with specificity 

ranging from 0.79 for the Ishihara colour plates, to 0.89 for binocular alignmenc. 

Surprisingly, however, data Erom the remainder of Table 7 show that as testing age 

increases, the specificity of the infant TAC result decreases. As shown in the second 

column of Table 7, normal TAC results were highly specinc for the 2 to 5-month-olds 

(M = 0.95), but the means decrease to 0.89 and 0.69 for the 6 to 15-month-old and 16 to 

42-month-old subgroups, respectively. Table 8 shows that, in cornparison to the 

specincity results, TAC sensitMty values appear to be much lower (M ail ages = 0.34), 

ranging from 0.20 for gross astigmatism to 0.47 for binocular alignrnent. Unformnateiy, 

there were not enough data to calculate subgroup sensitivity scores for abnomal TAC 

tests. 



In addition to specificiy and sensitivity, the global validity of the TAC was dso 

calculated. Global validity is andogous to detemiining the weighted mean for specificity 

and sensitivity and is calculated by adding the number of participants who had abnormal 

test resdts at both the infant and childhood sessions to the nurnber of participants who 

had normal test results at both the infant and childhood sessions, and then dividing by 

the total number of cases where a participant conmbuted both an infant and a childhood 

test resdt. In this particdar study, global validity detenninations were highly inûuenced 

by the speci£icity data. Table 9 (column 1) shows that infant TAC results demonstrate 

high global validity for the at-risk group as a whole (M = 0.78; range: 0.74 to 0.85). Similar 

to the specificity data, Table 9 shows thac global vaIidiry appears to Vary with the age of 

the infant- For example, Table 9 shows that an early TAC resdt shows high global 

vaüdity for the 2 to 5-month-olds (M = 0.84), but decreases to 0.83 and 0.68 a t  6 for 15 

months of age and 16 to 42 months of age, respectively. 

F. Predictive Value of a TAC Measurernent During: Infancv 

i) Explmation of measures and analvses. In addition to determining the 

speci£icity and sensitiviy of an early TAC measure, we aIso assessed the ability of an 

eady g r a ~ g  acuity estimate to predict long-term visud acuity outcorne. S i d a r  to Mash 

and Dobson (1998), predictive values were calculated for both normal and abnormal early 

TAC acuity results in order to determine the TAC'S ability to accurately predict 



(categorical) outcornes relative to normalitytY Recent studies by Saunders e t  al. (1996), 

Mash and Dobson (1998), and Dobson e t  aL (1999) evaluated the predictive value of an 

earIy TAC acuity estimate and coilectively, these studies suggest that a normal grating 

acuity estimate d u ~ g  infmcy tended to predict normal acuity outcome during 

childhood However, except for an eady measure of extreme visud impairment 

(ie., apparent 'bhdnessn), these studies show that an abnormal ear1yTAC result is a 

poor predictor of later visual acuiry. Similar to these previous studies, a goal of the 

current smdy was to evaluate the abfity of the TAC to predict the results of a variety of 

tests of spatial and non-spatial vision. 

For the cdcdation of predictive values, each participant's infant TAC result and 

his or her test results obtained during childhood were classified as either normal or 

abnormal. A normal test was defined as one in which the result feu within the normal or 

suspect range for that respective age group (refer to Appendix L for information 

regarding the classification of test results). An abnormal test was d e h e d  as one in which 

the result feu in the abnormal range for that respective age group. FoHowing Mash and 

Dobson (1998), the predictive value for a normal test (i-e., the statistical counterpart of 

specifkity) was calcdated by d ~ d i n g  the number of participants who showed normal 

test results at  both the infant and childhood sessions (i.e., joint occurrence) by the 

number of participants who showed normal TAC results during infancy (irrespective of 

the result obtained during chüdhood). SimiIarly, the predictive value for an abnomal test 



(i-e., the statistical coumerpart of sensitMty) was cdcuiated by dMding the number of 

participants who showed abnormal test resdts a t  both the infant and childhood sessions 

by the nurnber of participanrs who showed abnormal TAC results during infacy. S h d a r  

to sensinvity and speci6icity, predictive value is andogous to a conditional probabdity- 

ii) gr ou^ resdts. Predictive values were calculated for the at-risk group as a 

whole, as well as for the three difEerent age subgroups defined previously (Le., 2 to 5 

months, 6 to 15 months, and 16 to 42 months).The first coiumn of Table 10 (d ages) 

shows that the predictive values for normal infant TAC tests were high (M = 0.91) and 

ranged from 0.87 to 0.98, with the lowest predictive values reported for conaast 

sensirivity and binocular alignment, and the highest value for the childhood TAC and 

Broken Wheel tests. Unlike the speci£icity calculations, the normal predictive values did 

not appear to Vary si@cantly with age at orÎginal testing. That is, normal predictive 

values were uniformly high for d age subgroups (M = 0.89,0.92, and 0.94 for the 2 to 

5-month-olds, 6 to fi-month-oh, and 16 to 42-month-olds, respectively). 

In contrast, Table 1l shows that the highest predictive value for an abnormal test 

(all ages) was 050 for binocular alignment, and for several outcome measures (e.g., TAC. 

binocular near acuity, colour vision) the predictive value was 0.00. These extremely low 

predicrive values for the abnormal tests may explain, in part, the general lack of 

correlation found in the tests of association. Unfortunately, there were not enough data 

co calculate predictive values across age subgroups. 
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G. Corn~arïson of Current Test Resdts with O~hthalmoloeists' Findines 

To evaluate the concurrent vafidiqr of the measurements made by the 

experimenter at foRow-up, the results from these tests were compared with those 

obtained hom each participant's most recent eye e x m  conducted independently by a 

paediatric optomemstlophthahologist To control for the iduence of development, 

visual acuity results were compared only if they were obtained withùi 12 months of each 

other. A time b e  of 3 years was used to compare the results of other tests (e.g., 

stereoacuity, strabismus, binocular alignrnent, rye movement disorders), as these 

hnctions tend to be less plastic during childhood. O v e d ,  9296 (71 of ï7 tests) of the 

current test resdts agreed with those obtained from the ophthalmologists. This high 

level of agreement suggests that the current test results did not over- or underestimate 

participants' visual capabilities and chat the experimenter administered the tests 

competently. On the six occasions in which there was a sigdicant difference between 

visual acuity estimations (defined conservatively as > M octave acuity difference), the 

differences were probably accounted for by a gradual worsening of myopia berneen the 

ophthaImoIogic exarn and the current t e s ~ g  session (i.e., the cMd necded a new optical 

correction). Rapid progression of myopia is cornmon in this age group, and the parents of 

all six pamcipants were contacted by the study's s u p e ~ s o r .  In each case, a foiIow-up 

examination by an eye care professional was recommended. 



Discussion 

The goal of the present study was to atternpt to evaluate and describe the long- 

t e m  visual development of a heterogeneous group of at-risk infants. AU of these infants 

had expenenced moderate to severe perinatal complications which jeopardized their 

long-term visud and neurological development. Traditiondy, longitudinal studies of this 

nature have only followed children's visual development (narnely, visual acuity) during 

the first 5 years of life. However, the present snidy extends beyond these age limits and 

evduates children as old as 10 years of age. To the best of our knowledge, this is the most 

comprehensive study in this area to date, both in ternis of the age range of the 

participants and in the number and variety of the spatial and non-spatid vision tests 

used. 

Discussion of the results of this investigation wilI be organized around the 

questions posed in the introduction. More specificdy, what is the long-term visual 

outcome of these at-risk infants, particularly in relation to their full-term peers? 

Secondly, what d u e n c e  did ind'rvidual perinatd risk factors have on their visual 

development? And h d y ,  can a single measure of TAC grating acuity during infancy 

predict the visual outcome of at-risk infants? 

Long-Terrn Visual Outcome of AteRisk Infants 

Results from chi-square analyses show chat the at-risk group difEers £rom the 

control group on most measures of spatial vision, narnely contrast sensitivity, monocular 



near acuity, and monocular/binocuiar distance acuity. Sunilarly, the groups differ on 

many of the measures of nonespatial vision, namely stereoacuiry, peripheral vision, and 

binocdar alignment. More specScaIIy, across the entire battery of tests, the at-risk 

children have a Iower percentage of results withui the nomal range (M = 7890 versus 93% 

for the full-rem participants). Furthemore, the at-risk group shows a higher incidence 

of ocular disorders (e.g., smbismus, arnblyopia) and rehactive errors in cornparison to 

the control participants. 

Our resulrs support the hdings Erom several O ther follow-up investigations of 

at-risk infants during childhood and adolescence. For example, previous resdts have 

suggested that at-risk participants show some degree of visual acuity deficit and 

abnormal contrast sensitivity between 5 and U years of age (Dowdeswell et al., 1995; 

G d o  & Lemerstrand, 1991; McGinnity & Halliday, 1993; O'Connor et al., 1999; Powls et 

al., 1997). Similady, at-risk children had poorer stereoacuiry than control participants 

(Dowdeswell et al., 1995; Powls e t  al., 1997), as well as a higher incidence of colour vision 

deficits (Dowdeswell e t  aL, 1999, ocular disorders (e.g., strabismus, nystagmus, eye 

movernent disorders) (Gallo & Lennerstrand, 1991; McGinnity & Halliday, 1993; Powls 

et al., 1997), and rehctive errors (Gdo & Lennerstrand, 1991). Together chese findings 

suggest that at-risk infants have some permanent visual deficits andlor show a lag in 

visual development that persists weU into the school-age and adolescent years. 

It is noteworthy, however, that despite our Einding that the at-risk gmup 



performs more poorly than the control group for most tests, the majority of our at-risk 

participants are not severely impaired in fact, most of their results appear to f d  within 

the mid to Iower end of the normal range. This pattern is consistent with results 

obtained in other studies of at-risk infants whose visual acuity was tested later a t  2 to 12 

months (Courage &Adams, I!397), 3 to 4 years (Getz, Dobson, & Luna, 1989; Sebris, 

Dobson, & Hartmann, I984), 5.5 years (Dobson, e t  aL, 1999), and at  10 to 18 years 

(Fledelius, 1981b). Overd, these hd ings  suggest chat although at-risk children are prone 

to visual deficiencies, they are not necessarily severely impaired. In fact, studies of LBW 

infants have shown that the majoriq of vision-related pro blems in the school-age and 

adolescent years can be categorized as minor acuity defkits, a d o r  reiatively rnild foms 

of strabismus (Alberman, Benson, Q Evans, 1982; Fledelius, 1976,1981b). Upon closer 

exarnination of the present snidy, the fact that any differences are found between the two 

groups a t  all may be atmbutable to the liberal nature of our chiesquare cakdations, in 

which abnormal and suspect results are often combined into one group. 

Influence of Perinatd Risk Factors on Visud Outcome 

Due to the fact that most i n d ~ d u d  risk factors occur with relatively Iow 

frequency in Our participant group, formal sratistical evaluation of their uinuence on 

visual development is impossible. However, non-statistical observations of the data 

suggest that bronchopuhonary dysplasia (BPD), seizures, pneumothorax and necrotigng 

enterocolitis (NEC) are associated with poorer visual outcorne. 
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Unfortunately, most of the existing üterature in this area is not direcrly 

comparable to the present research because previous findings are generally Iunited to 

preschool (or younger) children. Despite the difference between the age of the children, 

however, there are similarities between earher hdings  and our own observations. For 

example, in a smdy of at-risk infants who expenenced s i m c a n t  perhatd 

complications, Byars (1994) found that BPD and pneumothorax are associated with 

visual acuity deficits in children up to 36 months of age4. Simdarly, Courage and Adams 

(1997) reponed a relationship between BPD and decreased visual acuity in ELBW infants 

up to 42 months of age4. Furthemore, in a study of at-risk children up to 48 months of 

age, Harvey, Dobson, and Luna (1997) found that BPD correlared with poorer recognition 

acuity, as weiI as greater rates of strabismus and rehctive errors. Overall, results kom 

these younger children, combined with Our own observations, suggest that infants who 

experience more senous respiratory complications (such as BPD), which often result in 

prolonged penods of mechanical ventilation, are more likely to have some cype of Iasting 

visual deficit and/or abnomality. 

In sum, there is evidence to suggest that children who experience complications 

at  or around the thne of bkth are ar risk for abnormal visual development Iater in life. 

Unfortunately, there is no consistent evidence to indicate the precise Uifluence of a 

particular risk factor on visual outcorne. For this reason, more research is needed in order 

to determine the relationship berneen indiMdual complications and later visual deficits. It 



should be poulted out, however, that additional studies, larger sample sizes and 

extensive s tatis t icd analyses wiu no t necessdy  guarantee de finitive tesdts. As 

mentioned previously, determinhg the heuence of a particular risk fac tor is difficult 

because children usudy  present with more than one, and certain nsk factors n a d y  

CO-occur (e.g., prematurïty and Iow birth weight; long periods of ventilation and 

respiratory distress syndrome). Future research in this area should attempt to investigate 

single, isolated risk factors or, more realisticdy, find ways to control for multiple risk 

factors. For example, researchers codd investigace the heerences between r;wo at-risk 

groups that are matched according to a specific combination of risk factors (as few as 

possible), but that d 8 e r  by only one (e.g., neonatal seizures). Presurnably, any differences 

between the groups codd be amibuted to the specific risk factor in question. 

Alternatively, tesearchers codd use large sample sizes and analyze/control for the 

iduence of perinatal risk factors with multivariate statistics, thereby identdjmg 

'clusters' of variables which seem most critical. 

I t  is worth noting that research in other areas of childhood development (e.g., 

intelligence, behaviour disorders, mental health) has dso been unsuccessful in 

determining the d u e n c e  of early specsc nsk factors. As such, researchers have shifted 

their focus to the nunulativeeflm of eady nsk factors (Liaw & Brooks-Gunn, 1994; 

Sanson, OberkIaid, Pedlow, 4 Prior, 1991; Schorr, 1988; Werner & Smith, 1982). This 

model of development suggests that as the number of risk factors increases, so does the 
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incidence of adverse outcome. To date, support for this mode1 has been found in the areas 

of intelligence and cognitive development (Liaw & Brooks-Gunn, 1994; Sameroff, Seifer, 

Baldwin, & Baldwin, 1993; Sameroff, Seifer, Baroces, bx, 4 Greenspan, 1987) and, to 

some extent, in studies of b e h a v i o d  maladjusment (Sanson et  al., 1991). AU would 

agree, however, chat the absolute number of risk factors shodd not completely 

overshadow the synergy of the specific risk factors involved Furthemore, unlike the 

present study, researchers in other areas have included risk factors f?om a wide variety of 

sources, including biological, within-child familial, parental, environmental and socio- 

economic, in an attempt to M y  represent the environment and conditions under which 

the child is developing. 

Predictive Charac teris tics of a Sinele TAC Gratine Acuitv Es timate Durine Infancv 

i) Cornparison of TAC eratine: acuity estimates in infancy and childhood. In the 

curent  study, d 7 6  of the at-risk infants provided an escimate of TAC g a ~ g  acuity 

during infancy and childhood As infants, 18.4O/0 of the participan~s ((4 of 76) score in the 

abnorrnd acuity range, whereas only 13O/0 of participants (1 of 76) show abnormal TAC 

results a t  follow-up. These results point to a vast improvement in visual acuity over time, 

however, there is a generd Iack of prediction of childhood grating acuity based on a 

single eady rneasure of TAC g r a ~ g  acuity. In fact, due to the lack of variabiüty in the 

childhood estimates, calcdation of test-retest reliability was both inappropriate and 

impossible. 
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However, upon fmther examination of the data, i t  becomes evident that TeIIer 

Acuity Card resdts during childhood are not always in agreement wirh other measures 

of visual acuity and, in a such cases, the second TAC result appeared to be a gross over- 

esthnate of spatial vision. In fact, the vast majority of the follow-up TAC scores were at 

or n e z  ceiling leveL Some research suggests that older children are able to detect an edge 

artifact on the test cards (ie., the oudine of the g r a ~ g  patch) and, when tested with a 

high spatial kequency grasiting, may rely on this cue to idennfy the location of an 

undetectable grating (see Moseley, Fielder, & Robinson, 1990; Robinson, Moseley, ai: 

Fielder, 1988). Despite instructions to identify onlyvisible gntings in the current study, ir 

is very likety that some children were responding to the edge amfacc done, thus 

6 c i a I I y  Mating their acuity estirnates. Therefore, dthough the TeUer Acuity Cards 

have been used with great success with infants and younger children, i t  is advisable that, 

for older children, researchers  go^ use TAC as the sole estunator of visual acuity. 

ii) Other correlational results. Aside hom some expecred resdts (e-g., positive 

relationship beween birth weight and length of gestation), there were few significant 

correlations noted between perinatal, infancy and childhood results. Our hdings did 

show that children with a greater number of risk factors tend to have Iower acuiv scores 

during infancy, and children with higher birth weights generdy have better visual acuity 

outcornes in childhood As a whole, these results suggest that healthier at-risk infants 

have a better prognosis for normal visual development in childhood 



The most important hding, however, resulted kom comparison between 

esrimates of infant TeIIer acuiry and other measures. Graring acuity in infancy is 

significantiy related to any of the perinatd measures (e.g., birrh weight' gestation, 

nurnber of nsk factors, NMI), nor did it correlate with D Q  during infancy, the percentage 

of tests fded  at follow-up, or later monocular and binocular acuity. It is worth noting, 

however, that a comparison between the 16 to 42-month-olds' acuity z-scores and 

percentage of tests failed at  foIIow-up does approach si@cance. This suggests chat 

TAC acuity estimates after the fkst year of age may be more predictive of later outcome, 

although h h e r  testing with a larger sarnple size would be necessary to draw more f5rm 

conclusions. Furthermore, analyses of income suggest that among those with the highest 

farnily income (> $6O,OOO/year), a significant negative relationship exis ts be tween acuity 

during infancy and the percentage of tests failed at  follow-up. Unfortunately, it is 

d f i cu l t  to interpret this resdt because I i~de research has been conducted regarding the 

d u e n c e  of socioeconornic status on visual outcome (see Courage e t  al., 1998; Nelson, 

Innes, Rioux, Q Wasten, 1995). Except for the children in the highest income bracket, 

there appears to be Little consistency between early and Iater measures. Overd, despite 

conmoihg for the innuence of extreme cases, age of participants, and family income, 

there is no quantitative evidence to suggest that a single estimate of Teller grating acuity 

in infancy can adequately predict visual outcome in childhood Upon closer examination 

of the data, however, it is dso possible that the resmcted range of infancy and follow-up 
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scores may mask or rnisrepresent the predictive power of the TAC (Mash & Dobson, 

1998; Dobson e t  aL, 1999). Therefore, further exploration of the predictive utility of the 

TAC is warranted. 

iü) Predictive vdue. s ecifici~. sensiwitv. and global vaüdity of TAC 

acuitv estimations dUMg infancy. From a clinicd standpoint, the ability of a test score to  

predict hormal" and 'abnomalm outcome is very important According to our 

correlational resdts, eady TeUer Acuity Card estimates are very poor predictors of later 

visual outcome. It is worth noting, however, chat the use of correlational analyses has 

long been criticized for having Iow predictive ability (see Bland Q Altman, 1986). For this 

reason, researchers have augmented their studies with estimates of predictive value. 

Predictive values d o w  a researcher to define "normal" and "abnonnaP cases based on a 

quakative versus a quantitative assessment. More irnportantly, predictive d u e s  are 

used to rnake predictions about individual participants, thus ùicreasing the urility of this 

type of assessment in c h c d  investigations. 

In the current study, we evduated the predictive value of an early TAC test, as  

well as iïs sensitivity, specificity and global validity. Both speci£icity and its s tatis ticd 

counterpart, the predictive value of a normal TAC score during infancy, are high (d ages: 

M = .84 and -91, respectively), as were measures of global vaüdity (d ages: M = -78). - 

However, measures of sensitMty and its statistical counterpart, the predictive value of an 

abnormal TAC score during infancy, are dstantia fly lower (d ages: M = .34 and -18, 



respectively). Togecher, these results suggest that an eady nomal result is a better 

qualitative predictor of future outcome than is an abnomal resdt. More specifically, these 

results imply chat an infant categorized as 'visudy normal' will tend to have normal 

resdts on subsequent follow-up tests of both spatial and non-spatial vision In conûast, 

the visual developmenc of a 'visudy abnormal' infant is less clear and consistent, 

therefore no judgement about hisher outcome can be made with certainy. Similarly, our 

resdts show that the TAC is a highIy specific screening tool for idennfylng chose 

children who were categorized as unormaln according to OLU foIIow-up tescs, but it is 

considcrably Iess sensitive for identifying those participants with abnormal results. 

However, it is important to note that, simila to the gened population, a much greater 

propomon of normal versus abnormal resdts were found at  both tesring ages. By 

definition, this drama tica?ly inmeases the probability of hd ing  high normal predictive 

value and speciEicity. Therefore, fiom a clinical perspective, the significance of these 

resdts may be overestimated and outcome predic tions based on these hdings (ie., 

'normal" result-s) must be made with caution. 

Nonetheless, our findings are consistent wich those reported in other simiiar 

studies. Mash and Dobson (1998) compared TAC results obtained during infancy to TAC 

and HOTV results from the same children at 4 years. In a more recent smdy, Dobson et 

al. (1999) followed-up preeerm children at 5.5 years of age and compared TAC results 

obtained during infancy to  TAC and SneUen acuicy scores obtained in childhood. Both 
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s tudies found high normal predictive values (.76 and .94, respectively, for TAC2; -91 for 

HOTV, and .87 for Snellen) , but considmQ-a lower abnormal predictive values [ 5 8  (M) 

and. 89, respectively, for TAC2; -68 for HOTV; SneUen was not calcdatedl. Similady, in 

a FPL study of MLterm children, Saunders e t  al. (1996) found that the rnajority of 

children who had normal graruig acuity in the f i s t  year of life tended to maintain that 

status, whereas the visual outcome of infants who demonstrated abnormal g r a ~ g  acuity 

was more unpredicrable. The one notable exception to this overd pattern of results is 

that, not surprisingly, children with no measurable acuity during infmcy tended to 

remain severely irnpaired or blind inco the early school-age years (Dobson et al., 1999). In 

sum, all studies (includmg the current research) show consistently higher normal 

predictive values and lower abnormal predicrive values. However, low abnomal 

predictive values may be attributable to the s m d  number of children who provided an 

abnormal TAC result duMg infancy, and/or the Iack of variability in the infancy scores. 

Finally, i t  is worth notuig that d these conclusions are resmicted to the development of 

spatial vision. As the present study is the f isc  to consider the development of non-spatial 

vision, we have no means of cornparhg our data to those of others. 

Limitations of Current Smdv and Directions for Future Research 

Although the current study has overcome some common shortcomuigs of past 

research, and has expanded upon the current literature in many ways, it is not w-ithout 

its own limitations. First, the perinatd and infant information were obtained 



retrospectively, and were based on data couected from a varieq of sources. For exarnple, 

medical information was recorded by personnel frorn severai health care centres in 

Newfoundland and Labrador, as weU as by staff of the Provincial Perinatal Programme, 

whereas TAC and D Q  resdts were recorded by several trained observers. O v e d ,  our 

initiai data set was compiled over a 10 year period, and information was often transferred 

fiom one chart or data sheet to another. As such, we cannot assume that the accuracy and 

precision exercised in data collection and transfer was consistent Second. the original 

TAC gratïng acuity estimates were assessed under binocular viewing conditions only . 

Unfortunately, under these t e s ~ g  conditions, a monocular vîsual deficit or disease 

would have gone undetected. Furthermore, direct cornparisons benveen early TAC results 

and follow-up resdts were thus restricted to binocular data Therefore, whenever 

possible and appropriate, all future tes= of visual h n c  tioning should Uiclude both 

binocdar and rnonocular assessments. 

Other suggestions for improvement cari dso be offered First, infants should be 

tes ted more than once, over a short period of cime, to help reduce variabüity in their test 

scores. Second, although our subject group was representative of the at-rïsk infant 

population in thisgeogr-aphical area and we did not seleccively exclude any children, there 

were very few children with serious compücations and irnpairments. It should be noted, 

however, that there is only one children's hospital in the province of Newfoundland and 

Labrador, and our high discharge rate is dïrectly related to the fact that many of the 
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severely ill infants die during transfer. As such, future research should be conducted in a 

centre with a greater number of high-risk infants. Third, funire studies might also 

include additiond early measures of visual Eunctionuig (e-g., contrast sensitMty, 

stereoacuity), as well as early and folIow-up measures of cognitive functionïng (including 

data about parental educationd level) and motor development- By includiog this 

additiond information, researchers will be better able to evaluate whether, as sugges ted 

by some (Courage & Adams, 1997), early vision estimates are good predictors of general 

neuroiogical func tioning* 

Conclusions 

In conciusion, the resdts reported here, taken with other research, indicate that 

infants who experience si@cant perinatd complications are a t  agreater risk for 

developing a variecy of long-term visual deficits than are their healthy, full-term peers. I t  

is worth noting, however, that the extent of the vision problems within thÏs population 

can Vary, with only a minorïty of the at-risk infants being profoundly a£f?icted. In fact, 

despite f a h g  below their corrected age noms, most infants do score within the rnid to 

lower end of the "cluiicdy normaln range. Unfortunately, our observations failed to 

uncover any evidence to suggest that visual irreguiarities are definitively related to any 

single perinatal risk factor. Findy, the most important concIusion to be drawn bom this 

research is that, overall, an early Teuer Acuity Card escimate is a poor predictor of Iong- 

term visud outcome in children with perinatal complications. As such, any predictions 



based upon a single early TAC estimate must be made and inrerpreted with caution, even 

when the initial resdt is normal. This recommendation is particularly crucial in iight of 

the commercial success and the widespread use of this pamcular acuity cest throughout 

the worId. 
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Footno tes 

' Children in the original test group were bemeen 2 and 42 months of age (see Adams, 
Courage, B y r s ,  & McKim, 1994). However, for the purposes of this paper, these children 
will hereafter be collectively referred to as "infantsn andior this t e s ~ g  phase d be 
referred to as the uo'onginal", "initiain, or "infancy" t e s ~ g  phase. 

The Neonad Medicd Index (NMI) is designed to describe the broad medicd course of 
preterm infants during their initial hospitakation As such, it is not an exhaustive liçt of 
ail of the complications and &esses that the infant has experienced during the neonatd 
period. An infant is assigned a class~cation £rom 1 (no serious complications) to 5 (most 
serious complications), based primarily on hidher biah weight and the need for assisted 
ventilation. Other classification criteria include: use of medications such as theophyhe 
and indomethach; major surgery; meningitis; PVH-IVH; seizures; PVL (see Korner et al., 
1993 for a cornplete description). 

' Estimates of a test's sensicivity and specificity are the traditional statistics used to 
report its diagnostic accuracy in the psychometric and cluiical fiteratures (see Wissow, 
1997). Specifically, the sensitivity and specificity of a test (e-g., Teller Acuity Cards) refer 
CO its success in identifylng indMduaIs who have or do not have, respeccively, a 
pamcular disease or condition (e.g., subnormd visual acuity). However, a test's positive 
and negative predictive values provide estimates of the Iikelihood that a positive result 
means that a particular condition will be present (i-e., positive or abnormal predictive 
value) and that a negative resuit means chat the condition d be absent (Le., negative or 
normal prediccive value). These two sets of test characteristics are related in that both 
provide information on how weIi a normal (negative predictive value; specificity) 
esrimate or an abnonnd (positive predictive value; sensi-) estimate of performance 
predicts ultimate hnctioning. They differ in that specificiqdsensitivity are test acniracy 
statistics, whereas predictive values provide estimates of the conjkknce that a user can 
have in the expected outcome. 

' Similar to  this thesis, chiidren in the Byars (1994) and Courage and Adams (1997) 
studies were selected kom the larger subject group described in Adams, Courage, Byars, 
& McKim (1994). 
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Table 1 

Test Battery Completion Rates for At-Risk Participants as a Function of Aae 

9-10 10 16.7 (0.7) 98.2 (4.1) 

Note. ' 17 tests in the battery. 
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Table 2 

Surnmarv of Chi-square AnaIvsesa C o r n m g  the At-Risk and Control Grours' Performance on 

Each of the Vision Tests Within the Batterv 

f est - CE - n X' 

Spatial Vision Tescs: 

Contrast Sensitivity (binocukir) 

Near Acuity (bin~cular)~ 

Ncar Acuity (monocu~ar)~ 

Distance Acuity (binocular)' 

Distance Acuity (rnonocular)' 

Teller Grating Acuity (binocular) 

Broken Wheel (Landolt) Acuity (binocular) 

Stereo Acuity 1 Stereopsis 

Perïpheral Vision (monocular) 

Ishihara CoIour Plates 

Asagmatism (binocuIar) 

- - -  . - 31.93* 
Noce. 'Due to the multiple cornparisons (o 112). the alpha level was adjusted, by the BonFerroni method, - 
to -004. HOTV (older Ss) and Tumbling E Oounger Ss) combined for the analysis 'Sneiien (older Ss) 
and Tumbling E (younger Ss) combined for the analysis. 
*e c .OOl. 
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Table 3 

Percenta~e of Test Score Classifications for Each Vision Test: At-Risk Versus 

Control gr ou^ 

- - - --- -- 

Normal Suspect Abnormal No data 

Test Group (%) (a) 

Contrast 
Sensitivity* 

Near Acuity 
(binocular) 

Near AcuityC 
(Ieft eye) 

Near Acuity* 
(right eye) 

Dis tance A c u i v  
(binocular) 

Distance Acuityl 
(ieft eye) 

At-Risk" 

controlb 

At-Risk 

Control 

At-Risk 

Control 

At-Risk 

Control 

At-Risk 

Control 

At/Risk 

Control 

(table continues) 
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Normal Suspect Abnormal No data 

Test Group (96) (90) (%> 

TAC 

Broken Wheel 
Test 

Ishihara CoIour 
Plates 

Stereo A c u i v  

Peripheral Vision 
(Ieft eye)* 

Peripheral Vision 
(right eye)* 

At-Risk 

Control 

At-Risk 

Control 

At-Ksk' 

Conmol 

kt-Risk 

Control 

At-Risk 

Control 

At-Risk 

Control 

At-Risk 

Control 

(table continues) 



Test 

Normal Suspect Abnomal No data 

Group (Ob) (a) @O> (x/n> 

C o m d  At-Risk 86.8 NIA 13.2 0/76 
Reflection* 

Control 95.1 N/A 4.9 0/61 

Convergence* At-Risk 90.9 N/A 9.1 10/76 

~ r a c k i r g ~  At-Risk 97.2 N/ A 2.8 4/76 

Control 98.3 N/A 1.7 2/61 

Astigmatism At-Risk 92.2 N/A 7.8 12/76 

Control 96.7 N/A 3.3 1/61 

Note- N/A = classification not applicable/appropriate for test. 
" At-risk sample, Q = 76. Control sample, = 6L Test was not available for first 5 at-risk 
participants, therefore n = 71. Comeal refiection and convergence were responsible for 
the sigmbcant chi-square value relating to binocular aügnment. 
* significanc difference found between at-risk and connol grooups (chi-square analyses; 
au g < -001). 



Table 4 

Cornparison - of Mean Test Fadure Rates and Visud Acuitv Outcornes: Entire At-Risk 

Group Versus Risk Factor Subrrroups 

. . . 

Risk factor M YO tests - - M monocuhr - M binocular 

subgroup - na Wed outcomeb outcomeb 

- -- 

Neuro1ogica.I signs 16 19.8 

Metabolic acidosis U 9.9 S+ N 

RDS 30 22-9 S S+ 

BPD 5 28.0W S- Su 

Apnea 17 21.6 S S+ 

Pneumothorax 5 35.4* S- S+ 

NEC 5 41.6* A* S-* 

All at-risk 76 185 S S+ 
participants 

Note. ' only risk factors that were experienced by a mininium of f i e  participants were evaluated - 
see the notes at  the end of AppendÏx A for an exphnation of how the means were cdculated 

* a mean difference oE 10% or more between the entire at-risk group's Mure rate and a 
risk hctor subgroup's bilure rate was d e h e d  as notable a mean d3Terence of two or 
more categories between the entire at-risk group's monocular or binocular acuity outcome and a 
risk hctor su bgroup's monocular or binocular acuiq ou tcome was d e h e d  as notable (see the 
notes at the end of Appendix A for an explanation of the categories). 







Perinatal factors lnlancy measure Childhood measures 

BWCAT GESTCAT RFCAT NMI TAC1 MONO BINOC WORST 

-- -- 

Childhood MONO 
meas ures 

BINOC 

WORST 

Note. Refer to text for detaüed information regarding the data headings. BWCAT = birth weight categories (range £rom lowest to highest: - 
1-7); GESTCAT = gestation categories (range £rom shortest to longest: 1.5); RFCAT = perinatal risk factor categories (range from lowest 
to highest: 1.4); NMI = perinatal Neonatal Medical Index categories (range £rom best to worst: 1.5); TACl = categories based on original 
TAC acuity estimate (range £rom best to worst: 1-6); MONO = categories based on overall monocular acuity estimate at follow-up (range 
hom worst to ba t :  1-3); BINOC = categories based on overall binocular acuity estirnate at follow-up (range from worst to best: 1.3); 
WORST = categories based on overall worst case acuity estimate at follow-up (range bom worst to ba t :  1-3). 
*** p < ,0005, ** < .005. * E s .05. 



S~ecificity of TAC Results Durine I n h c v  Compared with Results of AU Binocular Tests 

Speci6iciy score (aa) 
- - -  - 

Test AU ages 2-5 months 6-15 months 16-42 months 

Near Acuity 
(binocdar) 

Dis tance Acuity 
(binocdar) 

TAC 2 

Broken WEeel 

Ishihara Plates 

S tereoacuity 

Binocular Alignrnent 

1.00 (10) 

0.93 (14) 

0.92 (U) 

0.96 (23) 

0.94 (17) 

0.94 (17) 

0.93 (14) 

0.95 (19) 

0.94 (18) 

Note. ' bracketed value shows the number of cases that the spec6city score is based 
upon: p = number of tests showing normal results at the follow-up session during 
childhood, 



Table 8 

SensitMtv of TAC Resdts Durine Infancv Compared with Resdts of AU Binocular Tests 

at  Follow-Up During Childhood 

SensicMty score 

Test AH ages 2-5 monchs 6-15 months 16-42 months 

Contrast Sensitiviq 

Near Acuity 
(binocdar) 

Distance Acuity 
(binocular) 

TAC 2 

Broken VVheeI 

Ishihara Plates 

Stereoacuity 

Binocular Alignment 

Asrigrnatism 

###He 

0.86 (7) 

CCCCI  

Note. ' bracketed value shows the nurnber of cases that the s ens i t iw  score is based 
upon: a = number of tests showing abnormal results at  the follow-up test during 
childhood. predictive values were cdculated only for those tests in which at least five 
participants showed abnormal results. 
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Table 9 

Global Validitv of the TAC Results D m g :  Infancv Com~ared with Results of Ail 

Binocdar Tests a t  Follow-UP During Childhood 

Global vaIidity (d) 

Test ALI ages 2-5 months 6-15 months 16-42 months 

Near Acuity 
(binocular) 

Distance Acuity 
(binocular) 

Broken Wheel 

TAC 2 

Ishihara Plates 

Stereoacuiy 

Binocular Alignment 

As tigmatism 

0.77 (U) 

0.81 (16) 

0.86 (14) 

0.89 (18) 

0.92 (24) 

0.89 (18) 

o.n (17) 

0.75 (24) 

0.94 (18) 

Note. a bracketed value shows the number of cases that the global validity calculation is 
based upon: Q = total number of cases where participant completed both the TAC1 and 
follow-up tests. 
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Table 10 

Predictive Vdues of Normal TAC Tests During: Infancv For Ali Binocdar Measures 

Predictive value (s) 

Test AU ages 2-5 months 6-15 months 16-42 months 

Near Acuity 
(binocuiar) 

Distance Acuity 
(binocular) 

TAC 2 

Broken Wheel 

Ishihara Plates 

Stereoacuity 

As tigmatism 

0.77 (u) 

0.87 (15) 

0.92 (U) 

0.96 (23) 

0.94 (17) 

0.94 (17) 

0.81 (16) 

0.78 (23) 

1.00 (17) 

LOO (U) 

0.93 (15) 

0.93 (14) 

LOO (15) 

1-00 (14) 

0.93 (15) 

0.87 (15) 

0.93 (15) 

0.86 (14) 

Note. ' bracketed value shows the number of cases that the predictive value is based 
upon: 2 = number of tests showing normal results a t  the original TAC test duMg infancy. 
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Table Il 

Predictive Values of Abnormal TAC Tests During Infancv For ALI BinocuIar Measures 

dur in^ Childhood 

Predictive value (nab) 

Test AU ages 2-5 months 6-15 months 16-42 months 

0.40 (IO) 

0.00 (12) Near Acuity 
(binocdar) 

036 (II) Distance Acuity 
(binocular) 

0.00 (14) 

0.u (9) 

0.00 (U) 

TAC 2 

Broken Wheel 

Ishihara Plates 

S tereoacuity 

Binocdar Alignment 

Astigmatism 

0.17 (12) 

0.50 (14) 

0.08 (U) 

Note. ' bracketed value shows the number of cases that predictive value is based upon: 
n = number of tests showing abnomal results on original TAC test during infancy. - 

predictive values were cdculated only for chose tests in which a t  least five participants 
showed abnormd results. 



Perinatal Neonatal Medical Index (NMI) classification 



< -2.5 
w orst 

r 1-5 
best 

Acuity z-score during infancy 



Number of perina al risk factors 



Abnormal Suspect 
- 

Normal 
Overall binocular acuity estimate at follow-up 

during childhood 



Abnormal Suspect Normal 
Worst case acuity estimate at follow-up 

during childhood 





w r s t  6 -  

5. 

4- 

3- 

2- 

best 1- 
Abnormal Suspect Normal 

Owrall binocular acuity estimate at 
follow-up during childhood 



Developmental Quotient (DQ) during infancy 



Acuity z-score during infancy 



A Category 1 or 2 on TAC as infant 

Category 5 or 6 on TAC as infant 

O l I l  - 1 I 

-5 -4 -3 -2 -1 O 1 2 3 
worst best 

Acuity z-score during infancy 



Acuity z-score during infancy 



best 3 

Percentage of tests failed at follow-up 
during childhood 











Note: 

Subj 
DOB 
BW 
Gest 
LBW 
Neuro 
Seiz 
Vent 
AJ?g 
LHC 
Hm0 
Acid 

Ems 
IVH 
BPD 
PDA 
ROP 
A P ~  
As px 
PNX 
NEC 
RF 
NMI 
Test1 
Agel 
DQ 
CPD 
Snelien 
TAC1 
z-score 
Tes t2 
Age2 
olbComp 
O/oFail 

subject number 
date of bkth ( d d d / y y )  
birth weight (grams) 
ges tation (weeks) 
Iow birth weight ( s  1500 grarns; YedNo) 
neurologicd signs (persisting beyond 6th hour after birth; Yes/No) 
seizures (anytime; Yes/No) 
ventilation required (number of days1No) 
Iow 5-minute Apgar score ( s  5; Yes/No) 
low head circumference (> 2 SD below normal for gestational age; YesINo) 
hypoglycaernic (Yes/No) 
metabolic acidosis (cord ph < 7.2, bicarbonate value < 14, base excess value 
more negative than - 12; YesINo) 
respiratory distress syndrome (Yes/No) 
intraventricular haemorrhage (Grade 1-41No) 
bronchopulmonary dysplasia (Yes/No) 
patent ductus meriosus (Yes/No) 
retinopathy of prematuriry (YeslNo) 
apnea (Yes/No) 
cluiical signs of asphyxia (Yes/No) 
pneumothorax (Yes/No) 
necrorizuig enterocolitis (YedNo) 
number of risk factors (1-U) 
Neonatd Medicd Index classification [@est) to S(wors t)] 
date of first test during infancy (mrdddlyy) 
age at  Eirçt test (months) 
development quotient (G f i t h ' s  Development Scde) 
cycles per degree 
20/x 
assignened TAC category, based upon acuity n o m s  [A(best) to F(worst)] 
z-score, based upon TAC acuity estimate 
date of foilow-up test (nun/dd/yy) 
age at fouow-up test (months) 
percentage of tests completed at follow-up 
percentage of tests failed at follow-up (i.e., classified AB) 



Binoc 
Mono 
Worst 

worst binocular acuity score 
worst monocular acuity score 
wont overd acuity score (buiocdar & monocdar combined) 

Yes; present 
No; absent (under BinodMono columns, i t  means 'normal') 
suspect 
abnorrnal 
present, but Iengthldegree/grade &own 
data not avdable 
low head circumference according to PPP standards, but not those of this 
smdy 
hyperbhbenemia 
meningi tis 
seizures suspected, but not confirmed 

Calcdation of 'mean score' under Binoc, Mono and Worst c o b s  

N (normal) scores 3 
S (suspect) scores 2 
A (abnormal) scores 1 

If average is ... Then caregorized as. .. 

2.66 - 3.00 N (normal) 
2.33 - 2.65 N - Qow end of normal range) 
2.00 - 2.32 S + (high end of suspect range) 
1.66 - 1-99 S (suspect) 
1.33 - 1.65 S - (low end of suspect range) 
1.00 - 1.32 A (abnormal) 



CONSENT FORM 

1, , give permission for my cldd, y 

to participate in this vision study being conducted by Heather L HaII and Dr. Russell 
Adams of the Department of Psychology at Memonal Universiq of Nedoundland 1 have 
been informed chat participation will involve completing a questionnaire about my 
soddaughter's visual, medical and educational history and dowing my child's vision to 
be assessed by Ms. Hall. This t e s ~ g  session wiU take approximately 45 minutes to 
complete. 

Although 1 reaüze that this is not a full visual examination, should the researchers 
detect any problems with the aspects of my son,daughter's visions tested, 1 have been 
uiformed that 1 wül be contacted w i t h  two weeks of the testing session. I also 
understand that the method of testing will involve my son/daughter looking at a senes of 
charts and he/she will be required to idennfy the various letterd symbols presented. At 
no t i m e  will any drops be put in my son/daughter's eyes, nor d any other invasive 
procedure be used- 

1 understand chat the information @en in the questionnaire and mysod 
daughter's visual staanis will remah completely confidentid and wiU not be made public 
in any way that he/she can be identified as a participant. 

1 realize that 1 wi.U obtain a full explanation of the purpose of the research £rom 
the experimenter upon completion of the session. 

1 am dso aware t hat my child's participation in this smdy is completely voluntary 
and that he/she may withdraw fiorn the study at any time without consequence. 

1 have read the above statements and fieely consent to my chüd's participation in 
this research. 

Signed: 

Date: 

In the event that 1 have any complaints or concems regarding this study, 1 undeetand 
that I am kee to contact Dr- Russell Adams (737-2513) or, if chis is not satisfactory, Dr. 
John Evans (73743495), Head of the Depamnent of Psychology 



Appendix C 

Educational and Family Income Data Form 

Subject # 

PLEASE COMPLETE THE FOLLOWING QUESTIONS. 

BE ASSURED THAT YOUR ANSWER!3 WILL REMAI[N STRICTLY 
CONFIDENITALAND NOT BE PAIRED VVlTH YOUR CHILD'S NAME IN ANY 
WAY. 

Has your child ever repeated a grade? 
W hich grade? 

Has your child ever been in a remedial program? 
Grade? 

Based on your child's last report card and teacher's cornrnents, would he/she be rated as : 
- above average - average - below average 

How would you descnbe your total farnily incorne: 
- under $20,000 
- $20,000 to $39,000 
- $40,000 to $59,000 
- over $60,000 



Appendix D 

Vision and Medical History F o m  

D A E  
NAME: 
ADDRESS: 
PHONE NUMBER: 
AGE AT TEST: 
BW GEST: 

RESEARCHER'S USE ONLY 
SUBJECT 
DATE OF PPP TEST 
AGE AT PPP TEST 
CATEGORY 
RISK FACTORS 

Any known vision problems? 
Does your child require glasses or contact lense.? 
For what condition? (cg., near-sighted) 
Power of lem (i known) 
When does hdshe wear them? (eg. at  schoo1, watching TV) 

Has your child ever been seen by an eye doctor? 
m e n ?  
Name and location of doctor. 
Reason for assessrnent and result. 

When was yaur child's last visual assessment? 
Name and location of doctor. 
Reason for last assessment and result 

Have your child's eyes been tested by anyone else? 
Name and location of examiner. 
Reason for testhg and resulrr. 

1s there any family history of vision problems? (eg., parent, sibling, other) 

Does your chiid have any other medicaVdevelopmental problems? 

To assist us in g a r h e ~ g  information concerning your chiid's visual functionhg history, would you be 
wilhg to d o w  us to contact his/her eye care specialist? If yes, please complete the fonn below. 

Dear J 

My son/daughter, , has recentZy participated m a f o k u p  d y  being 
conducted at MmwneMOnal Univers@ 

By s i ' g  thisJorm, I mgivïngDr.RussellAdmundhiscoüeaguespenmssionto obtainïnfomiation 
from you regardmg my son/daughterls op hthalmic histary- 

SIGNED: DATE: 



Memorial 
UniversiS. of Newfoundland 

Department of Psycholog. 

Appendix E 

Letter to Eye Care Specialisrs 

Date 
Eye Care Specialist 
Street Address 
Ciy, Province 
Postal Code 

Dear Dr, Y 

As we discussed on the phone, our research group is conducting a long-terrn 
follow-up investigation on the visual development of chiidren, who a t  birth, experienced 
signitîcant ~ e r i n a t d  complications ( e g  extreme premanirity, very low birth weight, 
birth asphyxia, long periods of mechanical ventilation, neonatd hypoglycaemia, etc.). As 
infants, aII of these patients were enrolled in the Provincial Perinatal Programme at the 
Janeway Hospital and were routinely tested for early physicai, mental, motor, and 
neurological development. During that period, we dso tes ted their visual acuity with a 
new technique which is based on eye movements and other visual behaviour. We are 
now interested in determinhg how those early measurements predict visual 
development in this high risk population several years later. Therefore, we have recently 
tested all of these children again with a battery of standard vision tests and are interested 
in correlating these findïngs with the earfier measurernents. 

In the interim, many of these children have seen eye care specialists such as 
yourself and are regular patients. To help uiterpret our findings we need to be provided 
with independent information about each chiid's rehctive status as well as diagnoses of 
ocuiar disorders. We have provided a simple f o m  to help make the task as simple as 
possible. Note that d parents of the children are aware of our request and have signed a 
permission slip. These wiu be provided to you when we visit your oEce to deiïver the 
narnes of the patients and the accompanying forms. 

This information is vital to the research and we appreciate greatly the time 
required by you to do this. We wiu acknowledge your contribution in the published 
report of this work (hkely in a year or two) as weil as at any sc ienac  or chical 
meetings at  which the work will appear. We will also send you copies of any 
publications arising hom this research. 

L SUPPORT 

P 
OPPO~&TTY 

F c s ~  
St. John's. NF. Canada AlB 3x9 Tel.: (709) 737-8496 Fax: (7091 737-2430 



In closing, 1 would dso like to take this opportunity to sa/ that we always 
welcome collaboration with cihicians such as yourself O u  particular expertise is in the 
area of vision science (spatial vision, colour vision, visual physiology) with a special 
interest in pediatric issues. Although our research is diverse, a project that we have 
devoted much t ime to over the past few years, is to attempt to develop new and more 
efficient tests for assessing early visual functioning. The goal of th work is to provide 
better and eariier screening tools for ocdar and neurological disease, an endeavour which 
has broad scient5c and clinical implications. If you have any research ideas (half or 
hliy-baked), or even interesting patients boung or old) that you might want to discuss, 
please c d .  Also Eeel fÏee to contact me if you have any other questions about the present 
scudy. Thanks. 

Russell J. Adams, Ph-D. 
Professor of Psychology 
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Appendix F 

Ophthahic History Form 

Name: D.0-B.: Last exam: 

INSTRUCTIONS: Please describe or check off any idenafied ocdar diagnoses. 

Rekactive Status 
1. sphere 
2. cylinder 
3. arris 

Visual Acuity 
1 

Scereopsis/Dep th 
Perception 

1 

Strabismus 

L 

Nystagmus 
1 

Othec eye movernend 
a l i v e n t  disorders 
(describe) 

1 

Cataracts (describe) 
I 

O ther opacities in ocular 
media (describe) 

r 

R e ~ d  abnorrnalities 
(describe) 

L 

Neuro-ophthaknic 
disorders (describe) 

O cher diagnoses 

OS 

D 
D 

201 

OD 

D 
D 

201 

n o m d  
absent 

impaired 

esotro pia 
exotropia 

esotropia 
exo tropia 



Data Sheet 

CO W S T  SENSiTMlY (10') randomize rows; mistake & back 
A- B- C- D- E- 

NEAR TUMBLING E (16') alternate with far; 2 mistakes & back 
BIN 20/- LEFT 201- RIGHT 201- 
NEAR HOTV (14') numbers only 
BIN 201- LEFT 201- RIGHT 201- 

FAR TUMBLING E (10') alternate with ne= 2 mistakes Q back 
BIN 20/- LET 201- RIGHr 201- 
FAR SNELiEhr (10') 
BIN 20/- LEFT 201- RIGH.  201- 

TELLER ACUITY CARDS (84cm. then 168 cm) 
20/ cpd 

1s H 1HARA CO LO UR PLATES (50 cm) #3 8-26 tracing 
260- 28 - 32 - 36 - 
26P- 29 - 33 - 37 - 
270- 30 - 34 - 38 - 
27P- 31 - 35 - 
STEREO FLY TEST (16') glasses on More show pictures -- 
F ~ Y  - 
Animals: cat- rab bit- monkey- 
Circles: 1-2- 3 4 5 -  6-7- 8 9 

VIS ION D ISK 2 m-als each side (averaged) 
Lelc average 
- - average 

BROKEN WHEEL (10'. if 20120, then 20' and 15' with 20120 card) 
BIN 20/- 2 0 '  15'- 

UGHT EXAM 
reflecnon 
convergfng 
cracking 

Subject # 

ASTIGMATISM (20') 
yes - no - 
iF yes, angle(s) 
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Appendix H 

Turnbüng -En Test Chart (ac tua1 size) 
I 

APPROX SNELLEN 

EQUIVALENT Aï 16- 



Appendix 1 
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Appendix J 

Debriehg Form (at-risk participants) 

Even though we have a nurnber of tests for assessuig an infant's cuwent visual 
status, we don't know whether these tests can predict the visual status of the sarne chiid 
at a later age. This is especidy mie for infants who are low birth weight, premature 
andior who experienced some other medical risk factor or complication around the tirne 
of birth. The $mary goal of this smdy is to determine whether or not a single test 
duMg infancy with the TeUer Acuity Card test can make these predictions. AU of the 
chüdren taking part in this study were tested as infants or as young children with the 
Teller Acuity Cards (the 'smpe' test that you probably remember). 

As a secondary goal of this study, we are dso interested in trying to evaluate 
which cf the risk factors that your baby may have experienced around bkth best predicts 
visual development. 

While the TeUer Acuiq Cards are widely used and have become a standard in 
ophthaLnic practice, their effectiveness has not yet been tested properly. This smdy is 
designed to be a £irst step in this direction. If the overd results of this study suggest that 
scores obtained in infancy are predictive of later functioning, then this wiu be an 
indication that this test is one that we should continue using for this purpose. This 
result would uidicate that the test is a usehl screenuig device during infancy. IF the 
results, however, suggest that the test is not a good predictor, then this may be an 
indication that a more suitable test should be used or developed. 

If you are uiterested in hd ing  out more about the Teller Acuity Cards, the 
following articles will provide you with a good review of the procedure and its his tory. 
Articles concerning O ther longitudinal and predictive-type research projec ts are dso 
Lis ted. 

Korner, A. F., Stevenson, D. K., Kraemer, H. C., Spiker, D., Scott, D. K., 
Constantinou,J., & DimiceIi, S. (1993). Prediction of the development of Iow birth 
weight prete& infants by a new neonktal medical index. ~eve1o'~mentaI and Behaviord 
Pediatrics. 14(2), 106-Ili. 

Courage, M. L, & Adams, R. J. (1990). Visud acuity assessrnent fiom birth to 
three years using the acuity card procedure: Cross-sectional and longitudinal samples. 
O~tomet rv  and Vision Sciences. 67(9), 713-718. 

McDondd, M. A., Dobson, V., Sebris, S. L Baitch, L, Varner, D., & TeUer, D. Y. 
(1985). The acuity card procedure: A rapid test of infant acuiry. Investigative 
O p h t h a h o l o ~  & Visud Science. 26,1158-1162. 

Thank you for your participation 



Appendix K 

Eady Teller Acuity 122 

Debriehg Form (control participants) 

Even though we have a number of tests for assessing an infant's curent visual 
status, we don't h o w  whether these tests canprcdict the visuai status of the same child 
at a later age. This is especidy mie for infants who are Iow birth weight, premanire 
and/or who experienced some other medicd risk factor or complication around the time 
of birth. Over the p a x  year w e  have tested approximately 80 chiidren who were high- 
risk infants. The primary goal of this study is to detemine whether or not a single test 
duMg hfancy with the Teller Acuity Card test cm  make these predictions. AU of the 
children taking part in this phase of the study were normal, healthy infants who did not 
experïence any major bkth complications. They will provide us with an important 
cornparison group for the high-risk infants we recently tested. 

Thank you for your participation 



Appendix L 

Test Noms  and Category Cut-offs 

1) Acuitv n o m s  (Canadian ophthalmo1ogÏsts' standards) 

(used for near & distance recognition acuity) 

Age (years) 

-- 

20/50 or worse 

20/40 or worse 

20/30 or worse 

20/30 or worse 

20/30 or worse 

20/30 or worse 

9+ 20/25 20/30 or worse 
Note. 'Any score better chan the one üsted for that age wodd be classified as normal. 



2) T.4C n o m s  (kom Courage & Adams. 1990) 

(solid Iine represents mean; docted h e s  represenr standard deviarions; 'NormaIm: score falls 
within regions of Categories A-D; Y uspectw: Category E; 'Abnormdm: Category F)) 

age (months) 
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3) Contrast Sensitiviivicv N o m s  

for participants 2 5 years of age ( h m  Courage, Piercey & Adarrs, 1997) 

Spatial Frequemy (cpd) 



for subjects < 5 ÿears of age (Vistech Consultants Inc., Dayton, OH) 

(normal range of connvt  sensitivity is shown in the shaded area) 

I 1 a 1 1 

A B C 8 t 
ml O n ris nt, 

W A n u  rilrquucr 
Sm 

4 )  Broken Wheel Test noms ( h m  Preschool Enrichment Team, Inc-, Holyoke, MA) 

Age O-) Pass (Normal) F d  (Abnormal) 

20140 or better 20150. or worse 

20/30 or better 20140 or worse 

20/30 or better 20/40 or worse 

20130 or better 20140 or worse 

20125 or better 20/30 or worse 



5) Monocular Peri pheral Vision norms (Canadian opht hahologis tas  standards) 

if r 85 O ,  then classify as normal 
if < 85", but 2 80°, then ciassify as suspect 
if 80 O ,  then class* as abnormal 

6 )  Ishihara Colour Plates (38 Plates Edinon) ( h m  Kanehara & Co., Tokyo) 

1 Sumber 1 Normal 1 Persan with Red- I TOW -Coiour / 
/ of Plate PCMD Green Deficiencies Blindntss and , 

Weaknrss 
)i 

t i f 1 2 1  12 l 12 
1 9 1 8 1  1 1 X 



7) S tereo Vision noms  (Circle Tes tIa ( h m  Tatsumi Q Tahira, 197î) 

Age (years) bJormalb suspectb ~ b n o n n a l ~  

10+ r 50 60 80-0 
Note. 'chere were nùle clusters of circles in the test. bexpressed as  minutes of arc. 




