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ABSTRACT 
 
Aims: Optokinetic-based paradigms used to derive objective visual acuity suffer so far from 
low predictive power. Arguably, the contribution of the peripheral stimulation and the 
discrepancy between detection and discrimination threshold can bias the outcomes. In this 
respect, high-pass filtered stimuli (HPSs) have the advantage of activating only the foveal 
region and their detection and discrimination thresholds converge. In this exploratory study a 
novel optokinetic-based induction method (named “ghost oktotype”) that uses HPSs is 
probed. The aim was to establish whether this type of procedure is worth being extensively 
investigated.   
Study design:Analytical transversal study. 
Place and Duration of Study:Department of Ophthalmology, University of Turin, Italy, 
between June 2023 and  June 2024. 
Methodology:After testing for their subjective acuity (expressed as logMAR) at ten different 
defocusing conditions, four normal and cooperative subjects were repeatedly administered 
sequences of HPS-Landolt rings arranged on a serial pattern that drifted horizontally. Their 
angular size was logarithmically reduced and objective acuity was computed, for each 
defocusing condition, as a function of the smallest size of the rings that evoked the 
optokinetic reflex (logMAER). The estimate has been compared to the subjective values 
obtained both at the conventional Landolt-C ETDRS charts and with modified ETDRS charts 
made up of high-pass filtered Landolt Cs.  
Results:The repeatability of the HPS-based optokinetic paradigm was good in the three 
subjects (ICC=0.77; 0.86; 0.89) and the outcomes were significantly correlated with the 
conventional ETDRS values (R2=0.96, R2=0.88, R2=0.81: P<0.001). Nevertheless, objective 
visual acuity was lower (higher logMAER) compared to the subjective, conventional 
assessment with the ETDRS chart, especially at the highest acuities. The discrepancy was 
significantly reduced when logMAER was compared to the subjective discrimination acuity 
(logMAR) as measured with the HPS-ETDRS charts, and, supposedly, to detection acuity. 
Conclusion:According to these preliminary results, high-pass filtered stimuli reduce the 
mismatch between subjective and objective acuity. Within this frame, the “ghost” oktotype 
could be a promising tool to assess visual acuity in non-collaborative patients and is worth 
being extensively investigated. Forthcoming studies could support our impression i.e., that 
detection and not resolution is the main requisite for the optokinetic response. This 
peculiarity must be considered when investigating the potential of the optokinetic-based 
paradigms to derive resolution acuity. 
 
Keywords Optokinetic Reflex, Vanishing Optotypes, ETDRS, Visual Acuity, Detection, 
Discrimination. 
 
 



 

 

 
 
 
1. INTRODUCTION 
 
Visual acuity (VA) is a crucial sensory function for everyday life management [1,2] and its 
measurement is one the most representative tests of the integrity of the visual system [3]. 
Visual acuity relies on the recognition threshold of the optotypes that are alphanumerical 
signs or other structured patterns scaled in size. This paradigm, being psychophysical, 
needs collaboration from the patient via verbal feedback, so it cannot be fulfilled by preverbal 
children, subjects with severe cognitive deterioration, and malingerers. 

To address this issue, in the past years research has focused on measuring visual acuity 
with objective strategies like preferential looking [4,5], visual evoked potential-related 
procedures [6,7], and optokinetic response-related paradigms (OKR). The OKR paradigms 
are of particular interest, as they seem free from the flaws encountered in the former two 
methods [8-11]. 

The optokinetic paradigm relies on the assumption that the highest spatial frequency of a 
serial stimulus able to evoke the optokinetic reflex is correlated with the smallest visible 
stimulus, i.e., visual acuity [12-23]. In these terms visual acuity can be derived as the inverse 
function of the angular size subtended by the cycles of that spatial frequency. Unfortunately, 
the attempts to estimate visual acuity via the optokinetic response suffer from low predictive 
power [15]. 

In two previous investigations we described a novel optokinetic procedure for objectively 
measuring visual acuity: the oktotype. The oktotype showed consistent correlation across 
the whole acuity range (from 0.0 to 1.0 logMAR) and a satisfactory predictive power provided 
the estimates are corrected by scaling coefficient [22,23]. To keep high the attention of the 
observer, the oktotype differs from the other paradigms in that it makes use of horizontal 
sequences of equally spaced different symbols of the same size instead of serial patterns 
made of black-and-white stripes. The induction method [17] is used, so the dimension of the 
symbols making up each stripe is gradually increased until the oculomotor response is 
observed. Yet, a main issue of the oktotype is the discrepancy between logMAR (subjective 
acuity) and the logarithm of the minimum angle evoking the optokinetic response 
(logMAER). Two hypotheses (not mutually exclusive) can be formulated to explain this 
mismatch: 
-first, the measured thresholds may be different: logMAR, as obtained by the ordinary 
optotypes like the ETDRS charts, is a discrimination or recognition threshold whereas 
LogMAER is likely to be a detection threshold: so the conventional optotypes and the 
oktotype may target two different types of threshold; 
-second, the optotypes aim at central visual acuity. To ensure agreement, the optokinetic 
procedure should do the same. Yet, even though the foveal region provides the main 
contribution to the activation of the optokinetic response (according to the central dominance 
theory [24]), the paracentral visual stimulation is involved as well (to an amount depending 
on the spatial frequency) [25]. As a result, MAER as a measure of (central) visual acuity 
could be biased by peripheral activation.  
Upon these considerations, the threshold computed via the optokinetic response should be 
the same as the subjective procedureto make objective measures of visual acuity reliable. In 
addition, the serial stimulation used to evoke the optokinetic response should activate the 
foveal detectors, minimizing the response from the rest of the retina. 



 

 

The use of high-pass filtered stimuli (HPS, or “vanishing” optotypes as defined by Frisén 
[26]) could fulfill both requisites. HPSs are tripole-like stimuli whose mean luminance is the 
same as the background, being higher at the borders and lower at the center or vice versa 
[27]. This characteristic makes the HPSs ‘vanish’ as soon as their angular size falls below 
the discrimination threshold: in other terms, discrimination and detection thresholds of the 
vanishing optotypes tend to match [26, 28-30]. 
Moreover, since HPS are high-frequency configurations, they are processed by the foveal 
visual detectors and not by the paracentral visual channels [31]. It follows that the optokinetic 
response evoked by this type of stimuli should rule out the misleading contribution of the 
peripheral retina, satisfying our second assumption. 

In this exploratory study the optokinetic response to high-pass resolution symbols of different 
sizes has been evaluated and compared with the subjective visual acuity measured with a 
high-pass resolution and a conventional ETDRS chart in three normal volunteers. This 
experimental condition is expected to remove the objective vs. subjective measurement 
mismatch reported in previous investigations and might cast light on the effect detection and 
recognition threshold have on the optokinetic reflex. 

 
2. MATERIAL AND METHODS  
 
2.1 The high-pass filtered stimuli (HPS) 
The high-pass filtered stimuli used in this experiment were similar to those described by 
Frisén in his studies on high-pass resolution perimetry [28]: square-wave tripole-like 
interrupted rings with two dark borders and a clear core whose average luminance matches 
the luminance of the background. The gap size of the “C” was the same as the width of the 
tripole-like contour. The width ratio between borders and core was constant across the 
whole range of stimulus sizes (edge: core: edge: 1:2:1). Likewise, the ratio between the 
average size of the symbol and its tripole border was constant (6:1). Michelson's contrast 
between borders and core ([core luminance-border luminance] / [core luminance + border 
luminance]) was 0.43 (Figure 1). 

.  

Fig. 1.The high-pass filtered stimuli. G and W correspond to the width of the contour 
and the gap of the ring, respectively 
 

The average luminance of the stimuli was 54 cd m-2. This value, previously adopted in other 
studies [29], is high enough to discount the rod contribution and at the same time provides 
subjective visual comfort at a wide range of ambient illuminance [32].The correspondence 
between the average luminance of the ring and the luminance of the background was 



 

 

checked by inspecting the ring through a blurred lens and verifying no overall luminance 
difference between the background and the stimulus [30]. 

2.2SAMPLE RECRUITMENT 
Four subjects (the authors of this study) were repeatedly examined (CT, age 21, CR, age 29, 
CA, age 52, and KD, age 30). Neither of them suffered from systemic diseases or epilepsy. 
CT and KD were naïve to psychophysical testing and had mild myopia in both eyes (CT: -
2.00 spherical diopters in both eyes, KT: -150 spherical diopters in both eyes). CR was 
emmetropic and naïve to psychophysical testing. CA had mild myopia (right eye: -2.25, left 
Eye: -2.50 spherical diopters) and was skilled in psychophysical examinations. The refractive 
error was assessed as the mean of five consecutive measures provided by a refractometer 
(Tonoref III, Nidek, Japan) in cycloplegic conditions. The best corrected visual acuity was 0.0 
logMAR in all cases at the ETDRS charts. Slit-lamp biomicroscopy, tonometry, funduscopy, 
and orthoptic examination were unremarkable.  
 
2.3TESTING PROCEDURES 
At a preliminary stage, a pre-established range of visual acuities was simulated by reducing 
the best myopic correction in CT, CA, and KD, or by placing positive lenses in front of the 
eye of CR so to increase logMAR from 0.0 to 1.0. LogMAR at each fogging condition was 
estimated using a Landolt C-ETDRS chart (4 alternative forced choice: 4AFC), which is the 
standard optotype to be used in accordance with the International Standard ISO 8596. 
Optotypes were black on a gray background with a luminance of 36 cd m-2 and were 
presented on a 19” LCD screen (Prechen, resolution 1440x900, refresh rate 60 Hz).  

The subject was seated comfortably on a chair 6.5 ft from the screen in a dim room. The 
right eye (dominant in all the subjects) was examined. Measures were scored according to 
the letter-per-letter method. At each defocus condition, randomly selected at each trial, two 
measurements were obtained from each participant, and the average was taken as the 
(subjective) visual acuity. 

The same procedure was repeated using an ETDRS chart with high-pass filtered Landolt Cs 
(“HPS-ETDRS”). The HPS-ETDRS chart was prepared upon a pre-existing template (Good-
Lite.com), and presented on the same LCD monitor adopted for the conventional Landolt Cs 
ETDRS chart and in the same environmental conditions (Figure 2). 
 

 
 
 
Fig. 2. The conventional- (left) and HPS-ETDRS (right) chart. 
 



 

 

The estimates were obtained with the letter-per-letter method at the same fogging values 
previously selected in the conventional test. LogMAR at each defocusing condition was 
computed in each participant as the average of two subsequent estimates. Each subject was 
then administered the HPS-optokinetic stimulation (“ghost oktotype”) at the subjective acuity 
levels (i.e. at each defocusing condition) measured with the standard ETDRS procedure and 
with the HPS-ETDRS procedure. 

2.4THE “GHOST” OKTOTYPE 
Eleven horizontal sequences of HPS stimuli were individually displayed on the same LCD 
screen. Each sequence drifted from left to right and vice versa at a constant rate (from 
4.8°/sec to 1.22°/sec at the viewing distance). The velocity was the same for each 
participant and was established empirically at a pre-examination phase to ensure the best 
detection of the nystagmoid movements by the operator.  

The stimuli making up each sequence had the same size, and each sequence differed from 
the previous one as the size of the stimuli was logarithmically reduced, from 1.0 logMAR 
(sequence 1) to 0.2 logMAR (sequence 9). The horizontal distance between the stimuli in 
each sequence was scaled according to the ETDRS rule. The “Cs” were differently oriented 
(left, right, up, down) to help the subject keep his/her attention on the task, and to help 
reiterate the fixation/refixation pattern. The tests were performed monocularly and the right 
eye was examined.  

The observer sat in a dim room on a chair 6.5 feet from the screen, wearing a frame with a 
small infrared video camera secured in front of the left eye (i.e., the eye not under 
examination). The signal from the camera was transferred to a second, smaller laptop 
computer placed in front of the operator, who was seated beside the testee (Figure 3). 

 
 

Fig. 3. The acquisition system was made of a small infrared camera mounted on a 
frame lens aiming at the eye not under examination and connected to a second 
screen placed in front of the operator. 
 
The subject was asked to look at the main screen while the operator checked on the screen 
connected to the camera the onset of the optokinetic reflex during the presentation of the 
sequences. The optokinetic response was considered as evoked if at least three consecutive 
beats of nystagmus were observed [19,21]. The time the operator had to decide about the 
occurrence of the oculomotor response was 10 sec. Each time the occurrence of an 
oculomotor response was confirmed by the operator, the next sequence, with smaller stimuli, 
was displayed via remote control: this way a stream of serial, progressively smaller 
sequences were presented to the testee. The procedure was iterated until the operator failed 
to detect the optokinetic response within the pre-established time interval. At the first 
negative presentation (no response) the procedure was reversed. Four sessions (yielding 
four sets of measures per subjective visual acuity) were performed in each testee to assess 



 

 

within-subject test-retest variability. Data on subjective visual acuity were masked to each 
operator until the completion of the entire procedure. Resting periods of 15 minutes were 
allowed between each session.  

 
3. RESULTS  
 
Test-retest reliability of subjective VA estimate measured with HPS was satisfying 
(concordance correlation coefficient: CT=0.98; CR=0.93, CA=0.94, KD=0.93), with an 
average difference between two repeated measures of 0.038 (SD: 0.035) log units. 

Subjective VA at the conventional “C” optotype was better than that measured with HPS. 
The average difference was: CT:0.46 (0.09), CR: 0.57 (0.08), CA: 0.48 (0.20), and KD: 
0.53 (0.10) log units (CT t6=12.87,CR t5=16.37, CA t9=7.57, KD t5=13.28; P<0.001 in all 
cases).  

Objective acuity estimates showed good repeatability (intraclass correlation coefficient, CT: 
0.77; CR: 0.86; CA: 0.89; KD: 0.92), with average variability between subsequent estimates 
ranging from 0.10 to 0.20 log units. 
Figure 4 shows the relationship between subjective visual acuity assessed with the 
conventional ETDRS charts and the log minimum angle evoking the optokinetic response 
with high-pass filtered stimuli (logMAER). Despite a high correlation between the two 
measures (CT: R2=0.96, P= .0005; CR: R2=0.88, P= .0001; CA: R2=0.81, P= .0009; KD: 
R2=0.98, P< .0001), the correspondence between estimates was poor, with logMAER higher 
than expected in all subjects (underestimation of the ETDRS VA), with consistent between-
subjects variability. This trend was more evident at the highest ETDRS acuities (from 0.4 to 
0.7 log units at logMAR 0.0) and decreased at the lower subjective acuities, dropping to 
0.30-0.35 log units at logMAR 0.6 in CT, CR, and CA, and up to about  0.18 log unit in KD. 
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Fig.4. Regression plot between subjective visual acuity at conventional ETDRS testing 
and objective visual acuity as HPS-logMAER; a: subject CT; b: subject CR; c: subject 
CA; d: subject KD. 
 
Figure 5 shows the relationship between subjective and objective visual acuity measured 
with high-pass filtered stimuli. The correlation between the two measures remained 
remarkable (CT: R2=0.94, P=.003; CR: R2=0.86, P=.007; CA: R2=0.74, P=.0007; KD: 
R2=0.95, P=.008). Contrary to what was found with the conventional ETDRS charts, in CR 
and KD an overestimation (better objective acuity, i.e., lower logMAER) was observed 
especially at the highest acuities. The overestimation increased as the subjective acuity 
decreased to a maximum of about 0.1 log and 0.2 log units, respectively, at logMAR 0.8. CA 
showed a similar trend but the overestimation was overall constant across the whole range 
of subjective visual acuities. On the contrary, in CT an underestimation of the objective 
acuity (higher logMAER) at the high subjective acuities was observed, even if to a lower 
degree compared with the conventional subjective acuity, and disappeared at LogMAR 0.9. 
At the lowest acuity tested (logMAR 1.0), the trend reversed. 
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Fig. 5. Regression plot between subjective visual acuity at HPS-ETDRS testing and 
objective visual acuity as logMAER estimated with high-pass filtered stimuli; a: 
subject CT; b: subject CR; c: subject CA; d: subject KD. 
 
The average difference between HPS-logMAR and HPS-logMAER in the four subjects was 
overall small (CT, CR, CA, KD: mean delta [SD]= -0.06 [0.07], 0.08 [0.06], 0.18 [0.1], and 
0.18 [0.06] log units, respectively),  statistically significant in KD (for a significance level 
assumed to be P<.01: paired-t test: t=7.42, P=.0007), borderline in CR (t=3.29, P=.02) and 
CT (t=2.58, P=.04) and not significant in CA (t=1.29, P=.22). 
It should be noted that the same subjective vs. objective discrepancy is far lower in this 
experimental condition than with the conventional ETDRS chart (mean difference with 
conventional ETDRS: CT: -0.53 [0.14], CR: -0.44 [0.10], CA: -0.55 [0.33], KD: -0.25 
[0.19] log units). 

To further investigate the contribution of visual resolution and detection in eliciting the 
optokinetic response, we decided to carry out an additional evaluation, testing the detection 
threshold in CA, the subject with great experience in psychophysical examination and 
accustomed to psychophysical testing. A single column of high-pass filtered Landolt Cs with 
the same size, contrast, and luminance parameters as the HPS-ETDRS was presented at 
the same viewing distance and in the same environmental conditions (Figure 6). At each 
defocusing level, the observer was asked to report verbally the smallest detectable stimulus 
starting by examining the set from the top of the column (yes/no response model). Detection 
acuity was computed as the mean of two subsequent measures. 



 

 

 

Fig. 6. Detection acuity. See the text for explanation. 
 

Detection acuity correlated with resolution acuity measured at the HPS-ETDRS (R2=0.82, 
t9=6.34, p<0.001), but it was on average about 0.2 log units higher (i.e., better: logMAD-
logMAER mean difference: -0.22 (0.09), p <0.001). 

Figure 7 shows the relationship between subjective detection acuity, expressed as log 
minimum angle of detection (logMAD), and the objective VA (logMAER) estimated with high-
pass filtered stimuli in the same observer. The correlation between detection and optokinetic 
response was striking, even higher than at the subjective resolution acuity (R2=0.92, p< 
.001).A modest underestimation of objective acuity was observed at all the logMAD values, 
more evident at the highest values of detection acuity (lower MADs: -0.13 log units at 0.4 log 
MAD). The discrepancy narrowed as detection acuity decreased so that at log MAD 1.0 it 
turned negligible (-0.03 log units). 
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Fig. 7. Regression plot between detection acuity (logMAD) and objective visual acuity 
(logMAER) estimated with high-pass stimuli in subject CA. 
 
Overall, the average difference between logMAD and HPS-logMAER (albeit significant) was 
small (mean delta: -0.04 (0.06) log units, t9=2.50, P=0.02), and in any case smaller than 
0.13 log units across the tested acuity spectrum. It is interesting considering that, based on 
the data obtained in the observer, this delta value is 3-4 times smaller compared to HPS-
logMAR estimated in the same subject (0.18 (0.05) log units). 
 
 
4. DISCUSSION 
 
In the clinical setting, the estimation of visual acuity commonly relies on the recognition 
threshold of high-contrast alphanumerical symbols, called optotypes, scaled in size. This 
paradigm, being psychophysical, needs full collaboration by the patient, so it is not viable in 
preverbal children and subjects with severe cognitive deterioration (as well as malingerers). 
To address this issue, in the last decades objective strategies have been developed. Among 
these, optokinetic-based procedures are of particular interest. The optokinetic paradigm 
aims to identify the highest spatial frequency of a serial stimulus able to evoke the 
optokinetic reflex. Visual acuity can be derived as the inverse function of the angular size 
subtended by the cycles of the cut-off frequency. 

In two previous investigations, a novel and cheap optokinetic procedure showed an 
acceptable level of precision across acuities ranging from 0.1 to 1.0 logMAR in normal 
subjects with simulated ametropias and ophthalmological diseases. The procedure differed 
from the other paradigms in that it made use of horizontal sequences of equidistant different 
symbols of the same size instead of serial patterns made of black-and-white stripes. In these 
cases, a strong correlation was found between the minimum angle of the stimuli able to 
evoke the optokinetic response (logMAER) and logMAR measured at the ETDRS [22,23]. 
However, a consistent discrepancy between logMAER and logMAR was observed across 
the whole range of visual acuity. As a possible explanation, logMAR and logMAER may 
reflect different acuity thresholds: discrimination threshold vs. (presumably) detection 
threshold. In addition, a full-field serial presentation stimulates not only the foveal region, 
which is the anatomical site of visual acuity as measured with conventional procedures (like 
the ETDRS chart), but also the peripheral retina.  
These two biasing variables may be removed if the type of threshold measured by the 
optokinetic procedure and the ETDRS charts were the same and if the serial stimulation that 
evokes the optokinetic response was selective for the foveal region. This could be achieved 
by using high-pass filtered (or “vanishing”) optotypes (HPS).  
Vanishing optotypes lack low spatial frequencies, so they cannot but be processed by the 
foveal detectors. This way, the misleading contribution of the peripheral retina should be 
minimized. In addition, due to the exclusion of the low-frequency component of the 
spectrum, discrimination and detection thresholds are expected to converge when measured 
with this type of stimuli [31]. 

Upon this basis, it is expected that the acuity threshold derived from the optokinetic 
response with HPS stimuli provides a more accurate estimate of subjective visual acuity 
compared to the non-HPS serial stimulation adopted in the previous investigations. 
First of all, subjective VA measured with high-pass filtered stimuli showed good test-retest 
reliability. The average difference between two repeated measures at the HPS-ETDRS was 
0.002 log units, lower than previously reported by Wen et al. with high-pass filtered tumbling 
“E” (0.004)[34], and even lower compared to the conventional ETDRS charts (0.02 logMAR) 
[35]. This means that HPSs are reliable stimuli to be used for this purpose. 



 

 

In turn, the objective visual acuity estimates derived from the optokinetic response evoked 
by high-pass resolution stimuli showed a slightly higher variability compared with the 
correspondent subjective assessment. This may depend, in part, on the subjective criterion 
of the operator when judging the onset of the optokinetic response, according to the rule 
adopted by Çetinkaya[21] and reported in the methods section. In addition, HPSs have no 
tolerance towards minimal fixation losses. Minute deviations, undetectable via the direct 
observation of the eye, shift the retinal image of the HPS to an extrafoveal location, where 
the acuity threshold increases and the target is no longer visible [26]. Indeed, the three 
subjects reported that sometimes the drifting configuration tended to disappear from view. 
As per previous studies [21, 36], direct observation of eye movements has been adopted to 
detect the optokinetic response. However, the use of an eye tracker (at present not available 
in our laboratory) is advisable to increase precision. 

The consistently lower visual acuity at the HPS-ETDRS compared to the conventional 
ETDRS procedure is not unexpected and it was reported in previous investigations 
[26,29,34,37-39]. Frisén reckoned that acuity is about 0.4 log units lower when measured 
with the high-pass filtered Landolt Cs compared to the conventional Cs [26]. Our results are 
in line with his finding and depend on the fact that low spatial frequencies, absent in HPS, 
influence resolution threshold [26] and are important for letter recognition [40,41]. Since low 
spatial frequencies are absent in the high-pass optotypes, the visual system cannot but rely 
on the high frequencies for their identification [42]. Shah and colleagues found that the 
disagreement between conventional and high-pass filtered optotypes changes as a function 
of the acuity level, being maximal at 0.00 logMAR and proportionally smaller at lower 
acuities [38]. We found a similar trend in CA, whereas in the four observers. 

LogMAER evoked by HPS strongly correlated with logMAR measured at conventional 
ETDRS charts.  
The group of Herris a few years earlier found similar results by comparing the estimates 
obtained with an optokinetic procedure similar to that used in this study and the acuity values 
obtained at an automated ETDRS chart. The objective vs. subjective acuity correlation was 
(R2= 0.93) [43]. 

Interestingly, the determination coefficient obtained with HPS-logMAER on average was 
higher compared to the regression analysis performed in our previous study with a non-HPS 
optokinetic stimulation that made use of a series of symbols instead of the classical stripes 
(R2 = 0.85 vs. 0.74) [22]. It is worth noting that the correlation, albeit significant, was weaker 
when the optokinetic response was induced by black and white stripes (contrast 85%; r= 
0.74-0.75, corresponding to R2= 0.54-0.56)[15,17] or by a spatial frequency filtered two-
dimensional random noise pattern drifting horizontally (r= -0.77 corresponding to R2= 0.59) 
[44]. These findings support our hypothesis that when low frequencies are removed, the 
optokinetic response reflects more faithfully the subjective estimate of central visual acuity. 
Since low frequencies stimulate the peripheral retina more than high frequencies, their 
removal rules out the biasing contribution of the peripheral retina in assessing the central 
(foveal) visual acuity. Despite the high correlation, the optokinetic response with HPS 
underestimates the acuities assessed at conventional ETDRS: in other terms, the objective 
visual acuity measured with HPS is lower than the subjective visual acuity evaluated with the 
current methods. This finding mirrors the underestimation of subjective visual acuity obtained 
with HPS-ETDRS compared to the conventional ETDRS procedure, and confirms that the 
overall visual response to HPS targets is weaker compared to conventional stimuli. 
The underestimation is at its maximum at the highest acuity and decreases with increasing 
logMAR, as shown by the coefficient of the regression equation (0.39, 0.57, and 0.62 in the 
three subjects). The induction method adopted in this study, more effective at low visual 
acuities [17,18], might in part explain this discrepancy. 



 

 

As expected, the correlation between LogMAER evoked by HPS and logMAR estimated at 
the HPS-ETDRS charts was stronger than at the conventional ETDRS charts. In other terms, 
when high-pass filtered stimuli are employed in both (objective and subjective) conditions, 
the difference in the acuity values narrows considerably. 

Noticeably, and contrary to what was found in the conventional ETDRS charts, the trend in 
the three subjects examined was not the same: contrary to the other three observers, the 
performance of CT was characterized by a slight underestimation. A greater between-
subject variability in acuity threshold with high-pass filtered stimuli compared to the 
conventional optotypes, together with systematic errors (see Aleci, 2021) [45] could, at least 
partially, account for the discrepancy between CT and the other three participants. The 
overestimation of the optokinetic-based visual acuity vs. subjective visual acuity at HPS in 
CR, CA, and KD leads us to believe that the type of threshold derived from the two 
procedures is not properly the same. 

To shed light on the role detection may have on the optokinetic response detection acuity 
has been estimated in CA with high-pass filtered “Cs” and correlated with logMAER using 
the same type of stimuli. The correlation between logMAD and HPS-logMAER was even 
higher than that found with the subjective resolution acuity, and the average difference 
between logMAD and logMAER was 3-4 times smaller than the difference between logMAR 
and logMAER estimated in the same subject. The first impression, therefore, is that 
detection, more than resolution, may be at the basis of the optokinetic response. Clearly, this 
hypothesis needs confirmation with a higher number of participants. It remains that the 
minimum angle evoking the optokinetic response is slightly higher than the corresponding 
minimum angle of detection. This mild underestimation suggests that detection per se is not 
all that is needed to obtain the optokinetic response. 

It should be borne in mind that the peripheral retina plays a role in evoking the optokinetic 
response even if to a lower extent compared to the central region, according to the so-called 
central dominance theory [24]. With high-pass filtered stimuli, the contribution of the 
peripheral retina to the optokinetic response is reduced because the stimuli turn invisible in 
eccentric vision due to the fast decline in resolution outside the foveal region [26]. If on the 
one hand this effect is desirable to attempt an estimate of (foveal) visual acuity (as explained 
in the introduction section), on the other hand the lack of paracentral stimulation can be 
detrimental to the triggering of the optokinetic reflex. So, an HPS whose size is at the 
detection threshold in foveal projection is not perceived in peripheral projection. It follows 
that it cannot contribute to evoking the optokinetic response: as a result, the optokinetic 
response is weaker than expected. Noticeably, the underestimation of the detection 
threshold by the optokinetic response is more evident at the highest acuities and decreases 
at the lower acuities so that at MAD 1.0 the underestimation turns negligible in CA. The fact 
that the underestimation decreases as stimuli are made larger suggests that the higher 
contrast energy (the square of contrast at each point of the space x,y occupied by the 
stimulus)[46] of the large stimuli activates, even if to a small extent, the peripheral retina, 
helping the optokinetic response to occur. 

The three observers, who were cooperative, highly motivated, and fully concentrated on the 
task, reported that the sequences made of small HPS tended to disappear during the 
optokinetic trials, so they had to pay particular attention to focus on the screen. This seems 
to depend on the fact that high-pass filtered letters outside the fixation point are no more 
perceivable due to the fast decline in resolution with eccentricity [26]. This drawback needs 
consideration within a translational framework. 

 



 

 

5. CONCLUSION 
 
In conclusion, high-pass filtered stimuli reduce the discrepancy between the objective and 
subjective estimation of visual acuity reported in previous studies. Detection, rather than 
resolution, could be the main requisite for the optokinetic response, even if confirmation is 
needed with a large sample. In case, this peculiarity must be carefully considered when 
investigating the potential of the optokinetic reflex to derive resolution visual acuity within the 
clinical setting. 
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LIST OF NON-CONVENTIONAL ABBREVIATIONS 

HPSS : HIGH-PASS FILTERED STIMULI. 

HPS-ETDRS: MODIFIED VERSION OF THE ETDRS TABLE (LANDOLT “CS” INSEAD OF LETTERS 

LOGMAER: LOGARITHM OF THE MINIMUM ANGLE OF THE RINGS THAT EVOKES THE OPTOKINETIC 
REFLEX. 

LOGMAD: LOGARITHM OF THE MINIMUM ANGLE OF DETECTION OF THE RINGS. 

 


