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 2 

 This review presents the challenges faced in the development of the 

preferential looking grating acuity approach to assessing the vision of young 

patients.  The goal of the review is to provide the scientific rationale involved in the 

design of the Teller Acuity Cards and their application using the Acuity Card 

Procedure, to serve as an educational tool for users.  Recent technological advances 

have also facilitated the development of new methods of visual acuity assessment 

that apply the principles of preferential looking. Scientists and developers can 

expect to address these same challenges in developing new methods. 
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Part One: Background 

In parallel with the potential for improved management of visual disorders in 

infancy, it is becoming increasingly important to develop efficient and affordable 

methods of functional visual assessment for non-verbal patients. Recent advances in 

technology provide an opportunity to transform the process of visual acuity 

measurement for young and non-verbal patients, particularly in methodologies 

based on the principles of preferential looking. Newly developed display 

technologies and eye tracking devices with high temporal and spatial resolution 

hold significant promise. (1, 2) The goal of this review is to provide clinicians and 

scientists with an educational tool that lays out the historical and scientific rationale 

behind preferential looking techniques and how they were translated from the 

laboratory to the clinic. It provides a resource for those first learning the technique 

and addresses issues that scientists and developers can expect to confront when 

designing novel equipment and clinical applications for preferential looking 

techniques.  

 Preferential looking techniques were borne out of a need to assess visual 

function in subjects unable to complete typical testing used for adults. The version 

used clinically to assess grating visual acuity merely requires the subject to indicate, 

by looking, an ability to discriminate spatial detail from a blank stimulus, precluding 

the need for an understanding of the task or a verbal response. For the current 

purposes, we will define grating visual acuity as the limit of a patient’s ability to 

discriminate a black and white grating pattern of known spacing from a uniform, 

luminance-matched gray comparison stimulus (Figure 1). This limit is reached by 
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making the grating progressively narrower (an increase in spatial frequency). It is 

important to note that, when compared in angular units, grating acuity tests tend to 

provide higher acuity estimates than typical recognition acuity tests in children and 

adults with visual abnormalities.(3-6) This difference is dependent upon the factors 

underlying the vision loss (e.g., the difference varies with type of amblyopia and the 

presence or absence of binocularity), and is thought to be largely due to differences 

in the stimuli (i.e., a simple grating vs. a complex pattern) and the task (i.e., 

resolution of a grating vs. recognition of the spatial relationships between resolved 

features). (6) While not directly equivalent to typical clinical estimates of 

recognition acuity, grating acuity has proven to be the most successful measure of 

acuity for younger infants and children for whom recognition methods are 

ineffective. (3, 7, 8) 

Grating acuity assessment has also been achieved using other techniques, 

such as the visually-evoked potential (VEP) or optokinetic nystagmus (OKN) 

paradigms. Infants’ fixations of grating targets can be recorded and interpreted 

using either behavioral assessments of their gaze responses or the resulting 

electroencephalogram generated in early visual cortex. While the VEP has proven 

effective in the assessment of grating acuity (9-11), the financial investment and 

significant expertise required for its use have limited its practicality for the typical 

clinical practice.(12) 

 

Fantz’s Preferential Looking Technique 
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Robert Fantz developed the original preferential looking technique for 

assessing visual function in infants. (13) He compared their gaze preferences for 

viewing a simultaneously presented black and white grating and a luminance-

matched grey square, capitalizing on infants’ intrinsic preference for viewing the 

grating pattern rather than the blank stimulus. (14) The stimuli were presented 

beside each other for a specified period of time in two trials, with the location of the 

grating changed between trials to minimize the effect of bias for viewing to the left 

or right. During the trial, the observer’s task was to monitor the infant’s fixation 

behavior through a peephole centered between the two stimulus positions to judge 

which stimulus the infant was looking at. Fixation times for both the grating pattern 

and the grey target were then summed over the two presentations, with their acuity 

was defined as the finest grating that they fixated at least 75% of the time.  

 

One significant limitation of this technique is that the result will vary 

depending on the metric selected for the analysis. For example Fantz et al. (1962) 

found that total looking time and mean length of fixation demonstrated fixation 

preference, while the number of individual fixations did not. (14) Further, infants’ 

responses may vary as they habituate to the grating stimulus following multiple 

presentations. (15) 

 

Teller’s Forced-Choice Preferential Looking (FPL) 

Davida Teller and her colleagues refined the preferential looking technique 

to create the forced-choice preferential looking method of grating acuity 
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assessment. (16, 17) The approach was designed to provide an objective 

psychophysical method to assess infant vision in a laboratory setting. Forced-choice 

preferential looking is a variation on the classical psychophysical two-alternative 

forced-choice (2AFC) paradigm, with the setup being very similar to that of Fantz’s 

technique. In forced-choice preferential looking, however, the observer is tasked 

with identifying where the grating pattern is located, to the left or right, rather than 

recording the infant’s looking behavior. This approach allows the observer to 

integrate all aspects of the infant’s behavior (e.g., speed of fixation shift, time spent 

fixating the target, facial expression, etc.) to make a judgment of grating location, 

rather than relying on a single metric to determine preference. The observer’s 

percentage correct for each grating width is then calculated and, if their 

performance is significantly greater than chance (i.e., 50% correct for a two 

alternative procedure), it can be inferred that the infant detected the grating, 

assuming no other extraneous cues to grating location are present. The infant’s 

acuity is defined as the finest grating for which the observer’s performance is 

significantly greater than chance.    

Forced-choice preferential looking has been used to gain an understanding of a 

wide range of visual functions including color vision, (18) spectral sensitivity (19) 

stereopsis and fusion,(20) vernier acuity(21) and contrast sensitivity.(22)  

In two-alternative forced-choice procedures, threshold is often defined as the 

stimulus level (in this case spatial frequency of the grating) at which the observer 

performs at a pre-determined percentage greater than chance (e.g., 75% correct). 

This calculation requires that a curve be fit to the data. Variance in the data, the 
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number of stimulus levels tested, and the number of judgments greatly influence 

confidence in the estimate, and one hundred or more trials may be required to 

achieve a reliable threshold, which is impractical in clinical settings. (23)  

 While it is possible to obtain acuity estimates from infants and young 

children using forced-choice preferential looking employing a reward for detecting 

the grating (a variant of the procedure known as operant preferential looking), 

success rates can be low, particularly in the 18-24 month age range. (7, 24) 

Therefore, it became clear that modifications to the procedure would need to be 

made to increase the clinical utility of the technique. 

  

 “Fast” Forced-Choice Preferential Looking 

 Some of the first steps taken to modify the forced-choice preferential looking 

procedure involved reducing the time required to perform the test by reducing the 

number of trials required to achieve statistical reliability of the threshold 

measurement. Held et al. (1979) developed a quick method based on the theory that 

infants prefer to fixate blank fields when the spatial frequency (SF) of the grating 

reaches near-threshold levels. (25) This method produced acuity estimates for 

infants aged 2 to 52 weeks in less than five minutes. (26) While the method 

successfully addressed the time constraints of FPL, its repeatability was not 

adequate to provide reliable threshold estimates. (27, 28)  

 Mayer and colleagues approached the time constraint by utilizing a staircase 

procedure.  The grating SFs tested depended upon the observer’s prior 

performance: if on two trials of a given SF the right/left location on both trials was 



 8 

identified correctly, SF was increased, if one of two trials was judged incorrectly, SF 

was decreased., This enabled faster estimation of the individual’s threshold. This 

procedure could assess the child’s acuity in 20 to 25 trials, with an 85% successful 

completion rate. (29) However, it was limited in its application due to its 

susceptibility to variability(23) and the fact that it required up to 20 minutes to 

obtain an acuity measure for each eye, which is still too lengthy for the constraints 

of the typical eye examination.(29) Additional studies have employed more complex 

staircase paradigms to minimise variability.(30) 

 Another approach to reducing the variability arising from small numbers of 

trials was the diagnostic grating procedure proposed by Velma Dobson. This 

procedure utilized a grating that had proven detectable by 95% of infants with 

normal visual acuity at a given age. The observer began with a grating of low spatial 

frequency, followed by the ‘diagnostic grating.’ The low spatial frequency grating 

was used to detect gross deficits in visual performance, while the diagnostic grating 

allowed for comparison to age norms. Performance for these gratings can inform 

further testing, during which acuity measures can be further refined. (31, 32)  

 

The Acuity Card Procedure 

 Due to the limitations of forced-choice preferential looking 

procedures, Teller and colleagues developed a new approach to grating acuity 

measurement for clinical applications, which they named the acuity card procedure 

(ACP).  In this procedure, a single observer conducts the test using subjective 

judgments of the infant’s ability to detect a grating pattern presented on an 
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individual rectangular card. The observer controls all aspects of testing: selecting 

the progression of the cards, presenting the gratings as many times as necessary, 

and judging the infant’s behaviors to determine whether the grating was resolved. 

Detailed descriptions of the ACP can be found in McDonald et al. (1985) and Teller 

(1986) and in the Teller Acuity Card Handbook.(33-35) A video of one of the authors 

performing the ACP with Teller Acuity Cards can be found onlinea. 

This modification permitted preferential looking to be moved forward into 

full development as a clinical test and implemented by a number of groups beyond 

Teller and Dobson and their colleagues.(26, 30, 36-38) Other tests have since been 

developed using this basic testing principle, such as the Keeler Acuity Cards(39), 

City-Cardiff Acuity Test, the Cardiff Acuity Cards(40) and the Pacific Acuity Test.(41) 

Notably, Jones and colleagues (2015) suggest that the acuity card procedure and 

other similar clinical tests may be optimal for testing thresholds as infant lapses in 

attention can be accommodated during testing and because the resulting guessing 

rate is low.(42)  

 

Part Two – Normative Data 

Clinical tests of acuity for infants and young children require normative data 

collected at the relevant ages.  These data are needed to determine if a patient’s 

acuity is within or outside the normal limits for their age.  The need for new 

normative data must be addressed for each new version of a clinical test.  

 
a https://vimeo.com/100417709 
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Preliminary acuity card procedure norms and the test-retest reliability of 

binocular and monocular grating acuities using prototype acuity cards were 

obtained from infants ages 1-12 months and children ages 18-26 months.(43, 44) 

Importantly, these normative ACP data agreed with forced-choice preferential 

looking in visually normal subjects and in infants with ocular disorders.(8, 43, 44) A 

commercial version of the acuity cards, called Teller Acuity Cards (TAC), was 

produced following these initial validation studies, and these cards have been 

modified somewhat since then with a different manufacturing process, becoming 

the TACII.  The TAC and TAC II were specifically designed to be used with the ACP 

and the success rate in using this testing combination with young subjects is high, as 

discussed by Teller and colleagues.(34) 

In translating these tests into clinical application, care must be taken in their 

manufacture to ensure that there are no artefacts in the printing process that could 

provide a cue to the grating location.  These could draw a patient’s attention to a 

grating that they cannot actually resolve.  For example, particular care must be 

taken in looking for ‘edge artefacts’ at the border of the grating.(39, 45) One goal of 

the defined border mask in the Keeler Acuity Test was to avoid this potential 

problem. 

Large-scale age norm studies of grating acuity measured with the original 

TACs were performed by three groups. Courage and colleagues measured binocular 

acuity in 140 children between birth and 36 months,(46)  Mayer and colleagues  

measured monocular acuities and interocular acuity differences in 460 children 

between 1 month and 48 months,(47) and Salamao and Ventura obtained binocular 
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and monocular TAC acuities in 646 children between birth and 36 months.(48) 

These three normative data sets provided the norms published with the Teller 

Acuity Cards.(35) A number of other studies showed that TAC normative values 

tend to be higher than normative data collected with the later TAC II cards, by 

approximately 0.3 to 0.5 octaves, particularly for older children.(49-52) 

 

Part Three – Clinical Applications and Methodologies 

Once normative values have been established, scientists and clinicians must 

determine how to use them effectively to detect, diagnose and monitor a range of 

clinical conditions.  Important components of these topics are reviewed below. 

 

Test-retest reliability and predictive validity 

Test-retest reliability must be evaluated to determine whether a change in a 

patient’s acuity obtained by the same or a different tester is within expected limits. 

Comparison of the between tester differences for visually normal children and 

children with ocular abnormalities tested with the same TAC procedure is 

instructive. In the study of normative monocular acuity, Mayer and colleagues 

(1995) found that 90% of between tester differences were 0.5 octave or less and 

98% were 1.0 octave or less.(47) Between tester reliability was somewhat lower for 

infants of 1 to 12 months compared with ages 18-48 months. Birch and Hale also 

found greater test-retest differences in visually normal 1 month olds.(53) Getz and 

colleagues (1999) studying a clinical population with the same TAC procedure, 
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found monocular test-retest differences of 0.5 octaveb or less in 79%, and 1.0 octave 

or less in 95% of children without ocular complications, while for the children with 

ocular disorders, test-retest differences of 0.5 octave or less were found for 78% 

and 1.0 octave or less in 91%.  There was no difference in test-retest differences for 

children as a function of their acuity.(54)  

Studies of children with severe neurological problems affecting vision, motor 

function and cognition found reduced between tester reliability in binocular TAC 

acuities: differences of less than or equal to 1.0 octave occurred for 79-86% of tests 

of children with cerebral palsy,(55) and for 75% of tests of children with cortical 

visual impairment.(56)    

In combination, these studies suggest that a 1.5 octave or larger decrement in 

TAC acuity should be considered clinically significant and suggestive of a real acuity 

difference in most patients.  These data define the ability of the technique to detect 

changes in acuity. 

 Interocular difference in grating acuity is important for evaluating monocular 

abnormalities. Birch & Hale (1988) analyzed different criteria for judging the 

presence or absence of amblyopia based on normative data from their large study of 

forced-choice preferential looking grating acuities in visually normal infants.  

Applied to a clinical population at risk for monocular deprivation amblyopia, the 

interocular difference was more sensitive (detected amblyopia correctly) than 

 
b An octave corresponds to a doubling or halving of the SF of the grating. For example, if the expected 

threshold for a given age group is 60 cycles/degree, the observer may begin with a card of spatial 

frequency 15 cycles/degree, which represents 2 octaves above the expected threshold. This notation 

is used due to its compatibility with the logarithmic scale of visual acuity measurements (e.g., 

logMAR acuity). 
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criteria based on absolute acuity, while specificity (correctly identifying the absence 

of amblyopia) was equivalent for all criteria.(53) However, it should be noted that 

deprivation amblyopia is a severe, and rare, form of amblyopia; therefore, results 

from studies of deprivation amblyopia cannot be assumed to apply to refractive or 

strabismic amblyopia.  

 Mash and Dobson (1998) assessed the predictive validity of TAC grating 

acuity in infants at risk of visual impairment in a neonatal intensive care unit. These 

children were followed up to age 4 years.  Normal grating acuity at the early age was 

predictive of normal grating acuity and recognition acuity later in life for 73-95% of 

eyes tested. Grating acuities below normal at the early age were predictive of low 

grating acuity in somewhat fewer eyes (39-80%).(57) Hall and colleagues (2000) 

reported similar findings for the predictive validity of grating acuity in infants at 

risk for abnormal development, suggesting that a normal TAC acuity is more 

predictive than an abnormal TAC acuity in this population. (58)  

   

Grating acuity in ocular and vision disorders 

 In disorders of the retina and optic nerve, grating acuity deficits are 

associated with the type and severity of the disorder.  Dobson and colleagues (1995) 

found that grating acuity varied in relation to the type and severity of retinal residua 

in infants weighing less than 1251 grams at birth who developed retinopathy of 

prematurity. (59) Weiss and Kelly (2003) found in children with bilateral optic 

nerve hypoplasia, early acuity expressed as the deficit relative to normal acuity for 
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age was significantly correlated with outcome acuity, and together with optic disc 

diameter accounted for 73% of the variance in acuity outcome.(60)  

In children with infantile nystagmus with various etiologies, early grating 

acuities and maturation of grating acuity vary between the different disorders. Fu 

and colleagues (2011) studied a large sample of children with infantile nystagmus 

categorized into four groups - idiopathic, albinism, optic nerve hypoplasia, and 

retinal disorders- finding variation in the average grating acuity under age 24 

months, with different maturation of acuity with age for the four groups.(61)   

 These studies demonstrate that grating visual acuities in young children with 

structural ocular disorders are measureable, show reductions corresponding in 

general with the severity of the disorder, and may mature with unique time courses.  

The latter may partially explain the lower predictive validity of early measures of 

grating acuity in the at-risk populations described above.(57, 58) Prediction may be 

better for specific disorders(62, 63) and improved by considering the structural 

features of the disorder, for example in retinopathy of prematurity and optic nerve 

hypoplasia.(59, 60)  

TACs have proven useful in the assessment of vision in children with cerebral 

(or cortical) visual impairment, in whom abnormal visual behaviors cannot be 

explained by optical or ocular causes. In these cases, grating acuity deficit indicates 

the severity of visual impairment, although other visual functions – perceptual, 

spatial, and attentional - may be impaired independently of acuity. (64-66) This is 

not surprising given the spectrum of brain injury and the heterogeneity of clinical 

manifestations.(65) Grating acuity deficits (relative to mean normal acuity for age) 
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correlated significantly with grating acuity deficits up to 3 to 6 years later,(62) 

suggesting some stability of the grating acuity deficit in cerebral visual impairment.  

Thus, in this condition, perhaps the most challenging pediatric vision disorder to 

assess clinically, grating acuity can provide a relatively stable measure that can be 

obtained throughout infancy and childhood.    

Grating acuities are also useful in assessing children with cerebral palsy. The 

acuities vary with the severity of motor and mental impairment in these 

children(55, 67) and in relation to the severity of cerebral lesions.(68, 69) This is 

consistent with the conclusion that the more severely neurologically impaired 

children are most likely to have cortical/cerebral visual impairment.(69, 70) A high 

proportion of children with cerebral palsy also have refractive errors and 

oculomotor abnormalities (70), which must both be considered during testing.  

Children with cerebral palsy and cerebral visual impairment pose difficult 

examination challenges and grating acuity forms a component of their assessment.  

 

Amblyopia 

 Management of amblyopia is a significant part of pediatric clinical practice. 

Grating acuity has been used to indicate a monocular acuity deficit in one eye of a 

child presenting with a risk factor for amblyopia, such as strabismus, anisometropia, 

or monocular cataract.  Two studies found that in esotropic children with a clinically 

defined fixation preference, grating acuity was not significantly reduced in the non-

preferred eye.(71, 72) The relationship between these two assessments of visual 

function needs to be further understood.(73) These results suggested that grating 
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acuity is not sensitive to strabismic amblyopia as defined by a fixation preference 

for one eye. However, grating acuity relative to normal monocular acuity for age, 

was shown to be sensitive to various types of amblyopia defined by reduced 

optotype acuity.(74) Grating acuity changes were also associated with changes in 

fixation preference in esotropic children following patching therapy for deprivation 

amblyopia due to cataracts.(75) 

 Grating acuity has been used to study the effects of surgery for monocular 

and binocular congenital cataracts on visual development(63, 76, 77) and to 

determine the efficacy of occlusion therapy for deprivation amblyopia.(78-80) 

Together these studies indicate that grating acuities have a place in the assessment 

of congenital cataracts and in the assessment of patching for amblyopia in 

strabismic and deprivation amblyopia.  

 

 Clinical Challenges 

 Clinical populations present a number of methodological challenges. For 

example, when testing an individual with horizontal nystagmus it can be difficult to 

determine whether changes in horizontal gaze position are the result of grating 

detection or are due to the nystagmus.  Orienting the TAC vertically(61) allows the 

tester to judge the patient’s detection of the grating using vertical eye movements. 

 The interpretation of grating acuities in patients with macular degeneration 

or other foveal abnormalities can also be problematic. These patients have 

significant discrepancies between grating and recognition acuity, typically with 

better grating than recognition acuity. (3, 81) This can be explained, in part, by the 
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large sis of the grating stimulus and the repetitive stimulus elements, which may 

enable the patient with a central scotoma to detect the grating with peripheral 

retina. For these patients, grating acuity can be useful in addition to recognition 

acuity testing, as each method provides unique information about the depth and 

nature of the visual deficit.(81) 

 Other concerns include the impact of testing distance for patients with high 

refractive errors, accommodative dysfunction or aphakia. The TAC manual suggests 

appropriate testing distances for different ages.(35) Patients with limited acuity or 

aphakia may require an adjusted distance, which requires additional consideration 

of their optical focus (an uncorrected myope may be focused only at near distances, 

or a patient with an IOL may only have one focused distance, for example). The 

visual angle separating the center of the acuity card and the grating stimulus 

changes with viewing distance, so the stimulation of different sections of peripheral 

retina should also be considered when modifying viewing distance.  Knowledge of 

distributions of refractive error associated with particular conditions (e.g., Down 

syndrome or albinism) and accommodative status help inform the distance decision. 

When a non-standard testing distance is used, the observer must convert the spatial 

frequency before comparing the results to normative data. 

   

Other designs 

  Other grating acuity tests have been developed based on the forced-choice 

preferential looking principle.  For example, the Keeler Acuity Cards for Infants 

(Keeler) and the City-Cardiff Acuity Test (Haag-Streit) use round grating patches 
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with a masking border rather than the squares of the TAC.  The Cardiff Acuity Cards 

(Good-Lite & Richmond Products) use outlines of objects to make the test more 

interesting for young children(40), and the  Pacific Acuity Test (Good-Lite)  

combines this outline, or vanishing optotype, approach into a test of both 

recognition and resolution acuities for toddlers.(41) Despite differences in stimuli, 

the acuities obtained with these tests have not been shown to differ dramatically 

from TAC acuities. (38, 82-84) Two additional tests, Lea Grating Acuity Test (Good-

Lite) and Patti Stripes Square Wave Grating Paddles (Precision Vision) use gratings 

on paddles to be held up next to a uniform gray paddle.  

 With current advances in technology, a fully automated, computerized 

method of assessing grating acuity is becoming increasingly feasible. There are a 

number of these systems in development. (1, 2, 85) Sturm and colleagues (2011) 

developed a gaze-tracking method to make an objective measure of grating acuity. 

The system measures the relative fixation time for the grating pattern and employs 

a statistical algorithm to determine if the grating was discriminated. Preliminary 

tests in adults have been completed(85) and a subsequent study by Hathibelagal 

and colleagues (2015) has tested infants. However, a human observer used the gaze 

data to judge detection of the gratings in the infant study.(2) 

Jones and colleagues (2014) also developed a fully automated eye-tracking 

system for measuring grating acuity (ACTIVE). The ACTIVE method utilizes a sine-

wave grating pattern presented on a luminance-matched background. The spatial 

frequency of the grating is determined using an adaptive staircase paradigm. 
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Preliminary tests in infants aged 2 to 12 months have produced grating acuities in 

line with TAC norms, with reasonable repeatability. (1) 

 The potential benefits of these video-based and gaze-tracking methodologies 

are significant. They could provide a more objective measure of acuity, avoid the 

problems of observer training and reliability, and reduce testing time. They can also 

be modified for the assessment of other visual functions. Potential challenges 

include cost and portability (although the advent of commercial tablet devices 

reduces the cost of digital presentation significantly(86)), display calibration, and 

the classical question of gaze parameters (e.g. duration, repetition, speed) to include 

in the calculation.  Other considerations include the difficulty of using eye tracking 

in individuals with abnormal saccades(87), nystagmus, those with fleeting attention, 

and in children with cerebral visual impairment. While these methods present a 

more objective measure of acuity, they will need to replicate the skill of a clinician or 

trained tester in interpreting responses, to the point that they result in consistent 

norms and can meet the challenges discussed above in clinical testing.  Additionally, 

developers should consider the age range for which their test is intended.  Acuity 

develops rapidly in younger populations and it is critical that the stimulus spatial 

frequency ranges are suitable for the entire intended population. The stimulus must 

also be capable of holding the patient’s attention to achieve success and it is 

advisable to test this in toddlers, an age when success tends to be lowest.  
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Summary 

In summary, although variable relative to estimates of recognition acuity in 

adults, grating visual acuity can be used for the assessment of acuity in young and 

non-verbal patients with a number of ocular disorders.  The TAC and similar stimuli 

have been modified specifically for clinical settings such that equipment is simple 

and only one examiner is required. The saliency and attentional difficulties of testing 

young children beyond infancy make preferential looking methods challenging in 

testing toddlers.  Other tests have therefore been developed to transition from the 

limited behavioral repertoire of infants into the recognition testing completed with 

adult subjects.  

 With the current exciting advances in display and camera technology, the use of 

grating acuity testing has the potential to increase, providing further understanding 

of visual function in a wide range of populations.  The challenges faced in the early 

development of the TAC, from a laboratory based psychophysical paradigm to a 

practical clinical test, will also apply to these new approaches.   
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Figure 1: The original forced-choice preferential looking apparatus with two 

cutouts for the stimuli. On the left is the grating pattern, and on the right is the 

luminance-matched blank. 

 

Figure 2: Example of TACII card with a low spatial frequency square-wave grating 

  

on the left. 
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