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Abstract 

 

Purpose: To determine the characteristics of reaction time (RT) for semi-

automated kinetic perimetry (SKP) in normal subjects. 

Design: Clinical trial 

Participants: 83 healthy subjects (aged 10 - 79 years, 42 male, 41 female)  

Methods: One eye of each individual was examined with SKP using the 

OCTOPUS 101 perimeter with four different stimuli: Goldmann III4e at 25°/s, 

III4e at 5°/s, I3e at 5°/s and I2e at 2°/s. For each stimulus combination two 

centripetally moving RT-test stimuli were presented clearly inside the isopters. 

Sub-threshold stimuli in the periphery of the visual field served as false-positive 

catch trials. 

Main outcome measure: mean geometric reaction time as a function of 

stimulus characteristics and age. 

Results: Geometric mean of RT over all subjects and stimulus combinations 

was 453 ms with a coefficient of variation (CV) of 30%. Inter-individual variation 

of RTs was greater than all systematic variation. RT had a minimum in the third 

decade (20-29 yrs) and then increased with age. RT with the stimulus III4e at 

25°/s were about 20% shorter than RT with the same stimulus moving with 5°/s. 

False-positive responses had longer response times and a greater variability 

than correct responses (mean 2,600 ms vs. 453 ms;  CV 225% vs. 30%) 

Conclusions:  Subject-related variability of RT was greater than all systematic 

variations. Stimulus angular velocity has an impact on RT that may exceed all 

other systematic influences. The response time to a kinetic stimulus may be 

used as a discriminator between legal and false-positive responses and can 

identify stimuli whose starting position is located inside the visual field. 

Financial Disclosure(s):  

Stephan Rauscher: none, Reinhard Vonthein: none, Jens Paetzold: Haag-Streit 

(C), Elke Krapp: Haag-Streit, Agnes Matthiesen: none, Bettina Sadowski: none, 

Ulrich Schiefer: Haag-Streit (C) 

 
 



 7 

Introduction 

 

In static perimetry, the magnitude of the response window, i.e. the range of the 

interval between the presentation of the stimulus and the upper limit of 

response time that is considered to be valid is a critical element in threshold 

estimation. Responses falling beyond this range may not be assigned correctly 

to the concurrent stimulus. However, reaction time (RT) in static perimetry can 

be used to define a response window from which a false-positive response can 

be derived [1] and from which the timing of the subsequent stimulus is 

determined. Nevertheless, the utility of the RT-based response window for 

replacing the traditional false-positive catch trials has been put in question 

recently [49]. This may be due to inappropriate consideration of the factors 

influencing RT such as stimulus location, stimulus luminance during the 

staircase procedure and subject-related factors, such as fatigue and learning.   

In kinetic perimetry, a systematic displacement of the isopter in the direction of 

the stimulus movement occurs as consequence of the RTs of the perimetrist 

and the patient. The influence of RT on the outcome of the isopters in manual 

kinetic perimetry is well-documented but has not been quantified so far [19]. 

Semi-automated kinetic perimetry (SKP) enables the assessment of RT. For the 

central isopters RT decreases with increasing stimulus luminance and stimulus 

size [36] and increases with increasing eccentricity [36]. 

The extent of the influence of these variables on the peripheral isopters and of 

stimulus velocity on all isopters is unknown so far. The relationship between RT 

and incorrect responses to false-positive catch trials is also unknown. 

 

The purpose of this study was firstly to determine the relationship between RT 

and stimulus velocity, stimulus size and stimulus luminance in normal 

individuals as a function of age in semi-automated kinetic perimetry (SKP); 

secondly, to assess the distribution of response times of false-positive answers 

and thirdly to compare the RT of static and kinetic stimuli. 



 8 

Subjects and methods 
 

 

Participants 

 

The cohort comprised 83 normal individuals (42 males and 41 females) aged 

between 10 and 79 years and stratified such that approximately equal numbers 

of individuals were enrolled per decade of age. The individuals were drawn from 

the Tuebingen region and were representative of a broad social and educational 

background.  

Each individual underwent an ophthalmologic and systemic examination and 

conformed to rigid inclusion criteria. The maximum distance spherical ametropia 

was ±6.00 diopters sphere and the maximum cylindrical ametropia ±2.00 

diopters cylinder. The best corrected distance and near visual acuities in either 

eye were equal to, or better than, 20/20 and 1.0, respectively, for those aged up 

to 60 years; better than 16/20 and 0.8 for those aged between 60 and 70 years; 

and better than, or equal to, 12/20 and 0.6 for those aged over 70 years. All 

individuals manifested normal ocular motility; no diplopia, strabismus or 

amblyopia; no nystagmus; normal stereopsis; normal pupil responses; intra-

ocular pressures, uncorrected for central corneal thickness, of less than 22 

mmHg in either eye; open anterior chamber angles; no clinically significant 

opacities of the media other than those compatible with age; normal optic nerve 

head and fundal appearances; no history of congenital colour vision loss; no 

medication known to affect the visual field; no previous ocular surgery or 

trauma, including cataract extraction; no history of diabetes mellitus; no history 

of intra-cerebral disorder; no family history of glaucoma. The arterial 

hypertension and / or blood pressure were less than 180 mmHg systolic and 90 

mmHg diastolic.  

 

 

Examination procedure 

 

SKP was undertaken with the Octopus 101 perimeter (Haag-Streit Inc., Bern, 

Switzerland) on one designated eye, determined at random. The background 
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luminance of the perimeter was 10 cd / m2. Static perimetry was undertaken 

with the Octopus 101 perimeter and with the Tuebingen Computer Campimeter 

(TCC). 

All individuals attended for three sessions: at two sessions threshold static 

perimetry was undertaken; once with the Octopus 101 and once with the TCC. 

At a third session semi-automated kinetic perimetry was undertaken. The order 

of the type of perimetry was randomized between individuals. In this paper, we 

report the results of the assessment of visual reaction times. The data on the 

reaction – time corrected local kinetic thresholds was published by Vonthein et 

al. [48]. 

The static procedures were part of the study published by Hermann et al. [24]. 

Static threshold perimetry was undertaken using stimulus size III and a 

background luminance of 10 cd / m2. 
 

Semi-automated kinetic perimetry was undertaken with four different stimulus 

combinations. 

 

Table 1: The stimulus characteristics and order of presentation of the 

stimuli for SKP 

Order of 

Presentation.

Size Luminance Angular 

velocity 

[°/s] 

Starting 

eccentricity of 

RT vectors 

First III 4e 5 40° 

Second III 4e 25 40° 

Third I 3e 5 8° 

Fourth I 2e 2 8° 

 

The various stimuli for SKP were presented centripetally along eight meridians 

(0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°) designated as “vectors” and defined 

by the start angle, start eccentricity, stop angle and stop eccentricity. “Normal 

vectors” were used to determine the local kinetic threshold (LKT). “Reaction 

time vectors” were used to determine the individual’s reaction time.  

At the outset of the examination, one centripetal stimulus (“scout stimulus”) was 

presented from the periphery to obtain an estimate of the LKT along each of the 
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eight meridians for each of the four stimuli. The software then calculated, from 

the estimate of each LKT, the starting position for the presentation of the stimuli 

during the subsequent session.  The software also added two RT vectors with 

identical stimulus characteristics to each of the four stimulus combinations: one 

along the horizontal meridian (180° or 0°) and one along the superior-temporal 

meridian (45° or 135°). The origin of the centripetal RT vectors (table 1) was 

well within each isopter of each normal individual to ensure that they were 

perceived immediately and therefore could be used to determine the individual 

RT. The software also added two Goldmann I1a stimuli per stimulus 

combination to the vector set which were situated at 88° eccentricity in the 

temporal visual field to serve as false-positive catch trials. 

 

For the main examination session, each stimulus combination was presented 

six times to determine the variability of response. Therefore, each session 

consisted of 248 stimuli (4 stimulus combinations along 8 meridians plus 2 RT 

vectors, each presented six times, and 2 false-positive catch trials presented 

only once per combination). The false-positive catch trials, normal and RT 

stimuli were presented in random order; the sequence of the four different 

stimulus combinations is shown in table 1. Refractive error was not corrected for 

the III4e and the I3e stimuli. In addition, no refractive correction was used for 

the I2e stimulus due to the isopter lying at the border of the trial lens rim and / or 

lens holder. A rest period of approximately 5 minutes was given after the outset 

of the examination and a break of at least two minutes after each stimulus 

combination. The entire session, including the initial scout vectors, lasted 45 to 

60 minutes. 

 

To optimize the statistical modelling of the visual field [48], a subset of 9 

individuals, three aged between 10 and 19, three between 40 and 49, and three 

between 70 and 79 years of age, respectively, underwent a second kinetic 

examination with the OCTOPUS 101 after completion of the study. We used 

these supplementary examinations to assess the influence of eccentricity on RT 

with stimuli I4e, II2e and III3e presented at an angular velocity of 3°/s.  Two RT 

vectors started centripetally at 5° eccentricity and two approximately 5° inside 
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the estimated LKT. Stimuli were presented four times along each RT vector. 

The regular and RT stimuli were presented in random order. 

 

Data analysis  

 

The data sets for the left eyes were converted into right eye format.  

The RT for SKP was defined as the time between the onset of the stimulus 

presentation and the response from the individual and was calculated as:  

 

RT = ((eccentricitystimulus onset – eccentricitystimulus perception) / angular velocity) - 0.08 s 

 

A correction term of 0.08 seconds was subtracted from the measure of RT due 

to a systematic software error resulting from the mismatch between the opening 

of the stimulus shutter and the start of the recording period for RT. The 

eccentricities at stimulus onset and stimulus perception were measured to a 

spatial resolution of 0.1°. Therefore, the maximum precision of the RT 

depended on stimulus velocity and was 50 ms, 20 ms and 4 ms for stimuli 

moving at 2°/s, 5°/s and 25°/s, respectively and RT results were rounded to that 

precision. 

The logarithm of RT in perimetry usually follows a normal distribution [10], the 

mean RTs for each stimulus combination and for each individual were therefore 

expressed in terms of the geometric mean.  

The determinants of RT for SKP were investigated by analysis of variance 

(ANOVA). The within-subject factors were stimulus combination and stimulus 

meridian (0° vs. 135°).  The between-subject factors were gender, decade of 

age and dominant eye. The influence of each individual was considered as a 

random factor nested under the between-subject factors and under the 

significant two-way interactions and assumed constant coefficients of variation 

(CV). The degrees of freedom of the denominator (DFden) for the F-test within 

the ANOVA reflected the number of subjects rather than the number of 

measurements.  The differences between geometric means were reported as 

percentages with 95% confidence intervals (CI). 
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To assess the influence of eccentricity in a subset of 9 subjects, the geometric 

mean for each stimulus combination and starting eccentricity of the RT vectors 

was calculated. 

 

Static RT was recorded by the examination software with a precision of 100 ms. 

We calculated the geometric mean over all responded stimulus presentations of 

the subjects’ examinations with the OCTOPUS 101 perimeter. 

The relationship between the RT for static perimetry and for SKP was 

expressed in terms of Spearman's rank-correlation coefficient σ and in terms of 

the mean difference in RT. 

 

Data analysis was carried out with JMP 4.0.5 statistical software (2001, SAS 

Inst. Inc., Cary, U.S.A.). The study was approved by the local independent 

ethics committee and followed the declaration of Helsinki. Written informed 

consent was given by each individual or by a parent in the case of a minor.  

 

 

Results 

 

Table 2: Number, gender ratio and mean age of the participants 

 

Age No. of 

Participants 

 

Ratio 

(Male : Female) 

 

 

Mean Age (Standard 

Deviation; Range), yrs 

 

10–19 12 5:7 14.1 (2.83; 10.4–18.4) 

20–29 12 7:5 24.7 (2.81; 21.3–30.0) 

30–39 12 7:5 34.1 (3.29; 30.5–38.7) 

40–49 11 7:4 45.3 (3.12; 41.0–49.9) 

50–59 12 6:6 54.8 (3.41; 50.2–60.0) 

60–69 12 6:6 63.9 (2.62; 60.6–69.5) 

70–79 12 5:7 73.7 (2.87; 70.4–80.1) 

 

The randomised designation sequence resulted in 41 dominant eyes and 42 

non-dominant eyes with 3751 valid SKP-RT measurements. 16 subjects could 

not be examined with stimulus I2e as they were unable to see the stimulus. All 
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RTs below 180 ms and above 1040 ms (except for those serving as false-

positive catch trials) were excluded from analysis. 

 

 

RT in SKP 

 

The distribution of the response times to RT-stimuli in SKP is shown in figure 1. 

The geometric mean RT for SKP across all subjects and stimulus combinations 

was 453 ms with a coefficient of variation of 30%. The geometric means for 

each stimulus combination across each decade of age are given in table 3 and 

figure 2. 

 

Table 3: The geometric mean and 95% confidence interval [in ms] of RT for 

SKP for each of the four stimulus combinations at each of the seven decades of 

age 

 10-19 yrs. 20-29 yrs. 30-39 yrs. 40-49 yrs. 50-59 yrs. 60-69 yrs. 70-79 yrs. 

I2e, 2°/s 
540 

 (521-560) 

459 

 (443-477) 

485  

(468-503) 

499 

 (480-518) 

619 

 (590-649) 

591  

(569-615) 

686 

 (637-738) 

I3e, 5°/s 
486 

 (469-503) 

411  

(396-426) 

444  

(430-460) 

435 

 (420-452) 

482 

 (466-500) 

494 

 (477-512) 

542 

 (523-562) 

III4e, 5°/s 
516 

 (498-535) 

411 

 (397-426) 

464 

 (449-480) 

450 

 (434-467) 

471  

(454-488) 

485  

(468-503) 

499 

 (481-517) 

III4e,25°/s 
397 

 (383-412) 

334 

 (322-346) 

375  

(362-388) 

375  

(362-389) 

381 

 (368-395) 

397 

 (383-411) 

390  

(376-404) 

 

 

The ANOVA identified stimulus characteristic, age group and its interaction with 

stimulus characteristic, subject and interindividual differences in the effects of 

stimulus characteristics as significant effects on the RT. RT decreased between 

the first and second decades of age and then increased successively with 

increasing decade of age (P<0.0001). RT depended on the characteristics of 

the stimulus (P<0.0001); it was slowest for the I2e stimulus at 2°/s and fastest 

for the III4e stimulus at 25°/sec. The increase in RT of older subjects was more 
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pronounced for the smaller stimuli (P<0.0001). The RT was independent of 

gender (P = 0.2004) and dominant eye (P = 0.8435). Subjects responded 

slower to RT stimuli presented along the superior oblique meridian than to 

presentations along the nasal horizontal meridian (477 ms, CI 466 ms - 488 ms 

vs. 449 ms, CI 438 ms – 359 ms). The mean difference was only 4 ms for 

stimuli moving at 25°s and between 25 ms and 50 ms for slower stimuli.  

The complete linear model accounted for 52% of the total variation. Thus, the 

residual variance, i.e. the intra-individual variation in RT, accounts for more of 

the variance than the systematic variation.  

There were significant differences in all pairs of geometric mean RT between 

various stimulus characteristics (P<0.01, comparison for all pairs with Turkey-

Kramer test) with the exception of  stimulus conditions III4e at 5°/s and I3e at 

5°/s (see figure 3). When comparing RT measured with stimulus III4e moving 

with 5°/s and 25°/s respectively, we found a significant decrease of RT of 20% 

(CI 17% to 22%) from slowly to faster moving stimuli (geometric mean 470 ms 

vs. 378 ms). As subject was a random factor of this model, there was 

confounding with age. To avoid this problem, a second model with age and its 

logarithm as co-variables instead of the factors subject and age group was used 

to assess the influence of age on RT. Age as well as its interaction with the 

factor stimulus both significantly influenced RT (P<0.001 each). Figure 4 shows 

a model for predicting RT by age for four stimulus conditions. 

We re-analysed the data for the kinetic thresholds presented by Vonthein et al. 

[48] without the correction of subjects’ responses for their individual RT. The 

goodness of the model fit fell from coefficient of determination R2 = 0.86 to R2 = 

0.83. Figure 5 shows the mean local kinetic thresholds of all subjects and the 

prediction of the model for stimuli III4e 5°/s and 25°/s in the age group 20-29 

years with and without correction for individual RT.  
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Incorrect responses to false-positive catch trials in SKP 

 

 9.8% of the false-positive catch trials yielded incorrect responses (table 4). 

 

Table 4: The percentage of incorrect responses to the false-positive catch trials 

in SKP by stimulus combination 

Stimulus combination 
Responses to 

 false-positive catch trials [%] 

III4e, 25°/s 4.7 

III4e, 5°/s 12.5 

I3e, 5°/s 8.7 

I2e, 2°/s 13.6 

 

 

The geometric mean response time of incorrect responses to false-positive 

catch trials was 2600 ms (CV 225%), i.e. the RT was far longer and more 

variable than the geometric mean of the response time to RT stimuli (453 ms, 

CV 30%) and of the geometric mean of the responses to stimuli used to 

measure local kinetic thresholds (1.95 s, CV 82%) [48]. 

The empirical distribution functions of response times to normal stimuli and to 

RT stimuli are shown in figure 6. About 10% of the regular stimuli elicited 

response times shorter than the 95th percentile of the response time to RT test-

stimuli. It therefore seems to be possible to distinguish between responses to 

stimuli that start moving inside or outside the visual field on the basis of the 

response time with a sufficient precision. Figure 7 shows the empirical 

distribution functions of response times to regular stimuli and to false-positive 

catch trials. The separation between regular and false-positive responses is not 

as good as between normal and RT stimuli, but except for stimulus I2e, the 95% 
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quantile of the subjects RT is a selection criterion that can identify between 50% 

and 66% of all false- positive responses. 

 

 

Influence of eccentricity on RT in SKP 

 

In the subset of nine individuals, the overall geometric mean RT was 499 ms 

(CV 45%) for stimuli starting at 5° eccentricity and 723 ms (CV 67%) for those 

starting at approximately 5° inside the local kinetic threshold (P<0.001). The 

increase in RT was greatest for the II2e stimulus (74%), less for the III3e 

stimulus (34%) and least for the I4e stimulus (15%).  

 

 

Repeatability 

 

We repeated the SKP-examination in 5 of our 84 subjects with exactly the same 

set of vectors at least three month after the initial testing. The intra-individual, 

inter-session differences in RT between the two examinations were between      

- 25% and + 25% with a median of –5.1% and a CV of 12%. 

 

  

RT in static perimetry 

 

The overall geometric mean for the RT in static perimetry was 490 ms. The RTs 

for SKP and for static perimetry are compared in table 5. RTs were generally 

shorter for kinetic stimuli than for static stimuli. Only to small and dim kinetic 

stimuli our subjects responded slower than to static stimuli.  The correlation was 

greatest between the static responses and those for stimulus III4e at 5°/s. 
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Table 5: Correlation and mean difference of RT to kinetic and to static stimuli 

Kinetic Stimulus 

characteristics 

Mean difference 

of RT [ms] with 

regard to kinetic 

and static stimuli 

95% 

confidence 

interval [ms] 

Spearman's 

σ 

95% confidence 

interval for σ 

III4e, 25°/s 109 97 to 121 0.35 0.15 to 0.53 

III4e, 5°/s 16 0 to 31 0.45 0.26 to 0.61 

I3e, 5°/s 16 2 to 31 0.41 0.21 to 0.58 

I2e, 5°/s -60 -31 to -88 0.21 -0.03 to 0.43 

 

 

 

Discussion  

 

Kinetic perimetry does not only test the local differential luminance sensitivity 

(DLS), but also the perception of movement, while movement thresholds may 

differ from those to static stimuli [2,7,34,35]. With conventional kinetic perimetry 

the recorded location of local thresholds is influenced by the patient’s as well as 

the examiner’s RT. The recorded isopters are consequently shifted in the 

direction of stimulus movement while the extent of this shift depends on the 

angular velocity of the stimulus. With semi-automated kinetic perimetry it is now 

possible to correct this shift for the patient’s individual RT [48]. 

It is not possible to use normative values for RT as the intra-individual variance 

has a bigger influence on RT than all systemic variation. This is not a surprising 

finding. The list of factors that have been shown to have an impact on visual 

RTs is impressively long. Gender [45], level of sedation [26], physical activity 

[46], pathologies of the visual and central nervous system [10,29] oxygen 

saturation [12] and concentration of sex hormones [44] to name just a few of 

them. All these items can not be influenced in the setting of the perimetric 

examination. 



 18 

Factors influencing RT in kinetic perimetry 

 

In this study we examined the influence of age and stimulus characteristics on 

RT in kinetic perimetry. It has been known before that RT decreases with 

increasing stimulus size and increasing stimulus intensity and that RT increases 

with eccentricity [5,6,22,28,30,31,33,36,39,50,51]. Our results confirm previous 

findings and show that the correlation between eccentricity and RT in kinetic 

perimetry is valid also outside the central visual field. We found a RT 

prolongation of up to 75% measured 5° inwards the LKT compared to the 

central VF. This finding emphasizes the necessity of placing the RT vectors 

close to the estimated LKT in order to obtain a more precise estimation of the 

patient’s RT. 

The influence of stimulus velocity on RT in kinetic perimetry has not been 

quantified before. We compared stimulus III4e starting at 40° eccentricity and 

moving centripetally with 5°/s or 25°/s. RTs were shorter by 20% with faster 

moving stimuli. Our data suggest that the influence of angular velocity of a 

moving stimulus may exceed the impact of stimulus size and intensity. There 

was no significant difference in the geometric means of RT to stimuli III4e 5°/s 

and I3e 5°/s despite their considerable differences in size and luminance, 

although we cannot exclude that this is partly due to the fact that the smaller 

stimuli started at 8° eccentricity, while stimuli III4e started at 40° eccentricity. 

Another hint to the strong impact of stimulus velocity on RT comes from the 

comparison of RT to static and kinetic stimuli. Our subjects generally responded 

faster to kinetic stimuli (table 4). We do admit that the comparison of absolute 

values is of limited value, as static and kinetic stimuli differed in intensity, 

location of stimulus presentation and partially in size. However, the mean 

differences between static stimuli and kinetic stimuli of the same size 

(Goldmann III) moving at 5°/s are small (16 ms), while the difference in mean 

RT between static stimuli and kinetic stimuli of the same size moving at 25°/s is 

109 ms. The difference in mean RT between kinetic stimuli moving with 5°/s 

and static stimuli is 16 ms, irrespectively of the size of the kinetic stimulus. 

Therefore the RT differences between static and kinetic stimuli seem to be 

influenced by stimulus velocity to a greater extend than by size and intensity. 

The observed rank correlations indicate that subjects with fast responses in 
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kinetic perimetry are not necessarily characterized by fast responses in static 

perimetry, too. Absolute values of RT were expectedly shorter in SKP, as kinetic 

stimuli were presented clearly inside the visual field while the geometric mean 

of static responses was calculated using stimuli with different intensities, 

including those close to threshold. 

The great influence of stimulus velocity in this study is well in line with former 

results. Tynan and Sekuler [40] examined the influence of stimulus velocity on 

visual RT using a computer display and presented up to 500 moving stimuli at 

the same time within the central VF. They found that RT decreases with target 

speed. The impact of stimulus velocity on RT in their study was so strong that 

for stimuli faster than 25°/s stimulus size no longer played a role. It is known 

that the processing of moving stimuli in the retina and the cortex is different 

from that of non-moving stimuli. For rabbit retinas Barlow [3,4] has shown that 

the analysis of motion starts in the retina with ganglion cells responding 

selectively to direction and speed of moving stimuli. He states that “the 

discharge [of the ganglion cell] is almost uninfluenced by the intensity of the 

stimulus spot”. Barlow's findings have been confirmed for human retinas by van 

de Grind et al. [43] who found that high-velocity detectors have shorter delays, 

irrespectively of their eccentricity, than low velocity-detectors. Zeki and 

colleagues [2,7,17] have also shown that the perception of a moving stimulus 

depends on its velocity. With EEG and MEG experiments they found that 

signals from fast moving stimuli (22°/s) bypass area V1 on their way to area V5. 

They describe patients with V1 lesions who can detect exclusively stimuli 

moving faster than 15°/s and patients with lesions in V5 who noticed exclusively 

stimuli slower than 6°/s.  

The increase in RT to stimuli presented along the temporal superior meridian 

might be explained by the reduced sensitivity in the upper hemifield that has 

been reported several fold [15,38]. Different explanations have been given to 

explain this finding [13,24], but neither differences in ganglion cell density or 

adaptation processes, nor eyelid artefacts give a reason for the fact that the RT 

difference between stimuli along the two meridians depends on angular velocity. 

So if the increase in RT along the superior temporal meridian is due to the 

reduced sensitivity of the upper hemifield, the decrease in sensitivity seems to 
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depend on velocity in case of moving stimuli. However, the mean difference of 

30 ms is relatively small and will not produce considerable errors in the 

correction of kinetic thresholds for the patient’s RT. 

We found the fastest responses in the age group between 20 and 29 years. 

From then on, RT increased with age. The increase was more pronounced 

when small and dim stimuli were used. Teichner [39] reviewed studies that 

examined the correlation between age, auditory and visual RT and found the 

same age-dependency. Our study confirms the results of previous studies using 

kinetic [6,32] and static perimetry [18,50]. RT showed the same dependency on 

age as visual sensitivity in static perimetry [24]. The explanations given for the 

depression of visual sensitivity with age in literature are changes of the 

preretinal structures [14,16] and reductions of the density of photoreceptors in 

the retina [13] and of neurons in the visual cortex [25,52]. These findings may 

also explain the increase of visual RT with age.  

Hermann [24] and Haas [21] found a decrease in visual sensitivity that was 

more pronounced in the periphery than in the centre of the 30°- visual field. We 

do not know if this difference in age-dependency between the periphery and the 

central visual field is valid also for visual RT in SKP, as our study design did not 

allow the comparison of RT to identical stimuli presented at different 

eccentricities within a 30°-VF.  

  

Response times of false-positive responses 

 

Because some time is needed for the transmission of signals from the retina to 

the brain and further on to the related muscles, visual RTs can not decline 

below a minimum level even if stimulus intensity is maximized. This minimum 

value is known to be about 180 ms for RTs with regard to visual tasks [20,41]. 

Studies report visual RTs to be about 30 - 40 ms longer than auditory and tactile 

RTs [47]. A significant part of that prolongation is due to the fact that the retina 

is the only sense organ that performs a complex processing of the signal 

already at the entrance level before conducting it to the central nervous system. 

More difficult is the definition of an upper limit of legal response times. A fixed 

value is usually not the best solution, as very long RT may occur in patients due 
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to cerebral damage [29]. A flexible individual response window could be 

specified by defining a maximum tolerable within-subject coefficient of variation 

[1] and eliminating exceeding RTs until variation is below this limit. This was not 

yet possible with the OCTOPUS software used for this study and we decided to 

exclude the upper 2.5% of all responses. This percentile resulted in a cut-off 

value of 1040 ms. 

CV of response times to false-positive catch trials was much higher than those 

of RT stimuli. This is well in line with the findings of Artes [1] who reported 

similar results with false-positive catch trials in static perimetry. This knowledge 

about RT in static perimetry has been used to cross-check visual thresholds 

and to identify false-positive or false-negative responses by defining response 

windows for reliability indices [1,50] and it is part of the commercially available 

SITA-algorithm [8]. The use of already available RT information shortens the 

examination procedure in comparison to algorithms that use special test stimuli 

to estimate the reliability of patients´ responses. The SITA-Algorithm [23] uses a 

“listen time” of 180 ms from stimulus onset on and classifies all responses that 

fall within this time window as false-positive. Wall and colleagues [50] state that 

this is safe as no legal responses occur faster than 180 ms, but our data 

suggest that in kinetic perimetry this method fails to detect the majority of false- 

positive responses as most of them occur not before but within or after the legal 

response window. 

The level of stimulus uncertainty and correct spatial expectancy influence RT 

[37] and consequently, an auditory or visual warning signal delivered before or 

even shortly after the presentation of the visual stimulus has been shown to 

reduce RT [9,27,42]. We did not use an explicit cueing signal in our study, but 

the sound of the mirror unit that always started before stimulus presentation had 

the same effect. The distribution of RT to false-positive catch trials shows that 

our subjects were more likely to press the response button when they heard the 

sound of the mirror unit that usually comes along with a stimulus presentation 

for a long time without seeing anything. The highest percentage (13.7%) of 

false-positive responses was found in the context of stimulus I4e, 2°/s, where 

small and dim stimuli were used. We conclude that an acoustic cueing that is 

not followed by a visible stimulus immediately, enhances stimulus uncertainty, 
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reduces correct spatial expectancy and increases the rate of false-positive 

responses.  

The response time to a kinetic stimulus may give the examiner some valuable 

information whether the starting point of stimulus presentation is located 

correctly. Figures 6 and 7 show that it is possible to distinguish between regular 

stimuli, RT stimuli and false-positive catch trials from the subjects’ response 

times with sufficient precision. If the examination software gave a warning signal 

whenever the response time to a normal stimulus was faster than the 95% 

quantile of the patient’s RT distribution, the examiner could alter the starting 

position of the test stimulus to make sure that it originates really in a non-seeing 

area of the visual field (figure 6). A warning signal in case of responses to a 

stimulus outside the 95% quantile of the patient’s responses to regular stimuli 

would identify 2/3 (III4e, 25°/s) and about 50% (I3e, 5°/s and III4e, 5°/s) of all 

false-positive responses (figure 7). However, more research on that topic is 

needed, as we used only a very small amount of false-positive catch trials (8 

per subject) and our results should be generalized with caution. 

 

 

Conclusion 

 

Visual RT in kinetic perimetry is influenced by a variety of subject-dependent 

and examination-dependent factors.  This and other studies [1,6,11,36,51] 

showed that inter-individual variability has the most dominant influence on RT. 

Among the examination related factors, angular velocity has an effect on RT 

that may exceed the influence of other stimulus characteristics. Measured RT is 

closer to the “real RT” at the kinetic threshold if the RT vectors are placed about 

5° inwards of the expected threshold rather than in the centre of the visual field. 

The probability of false-positive responses in kinetic perimetry increases with 

stimulus uncertainty, i.e. in the context of small and dim, slowly moving stimuli. 

The response time to a kinetic stimulus may be used as a discriminator 

between legal and false-positive responses and can identify stimuli whose 

starting position is located inside the visual field. 
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Figure 1: Distribution of subjects’ response times to RT stimuli 
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Figure 2: Geometric mean response time and 95% reference intervals by 

stimulus characteristics and age group 
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Figure 3: Geometric mean response time and 95% reference intervals by 

stimulus characteristics averaged over all age groups 
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Figure 4: Model prediction of geometric mean RT by age, stimulus 

characteristics (� III 4e 25°/s, � III 4e 5°/s, � I 3e 5°/s, � I 2e 2°/s) and 

individual (symbols)  



 27 

Without RT correction With RT correction

Figure 5: Mean local kinetic threshold of 11 subjects superimposed on the 

reference band (shaded) with and without RT correction 
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Figure 6: Empirical distribution functions of response times to stimuli  seen at 

once ("RT") and moving from not seeing to seeing visual field  ("normal") for 

stimulus III4e at 5°/s. About 10% of the normal stimuli elicited response quicker 

than the 95th percentile of RT (vertical line). 



 29 

0,00

0,25

0,50

0,75

1,00
C

um
ul

at
iv

e
P

ro
ba

bi
lit

y

0,1 0,06  0,03 1 0,7  0,4  0,2 10 7  5  3  2  20  30 

response time [s]

III 4e 25°/s

III 4e
5°/s

I 3e
5°/s I 2e  2°/s

Invisible stimuli

Figure 7: Empirical distribution functions of time to response for invisible stimuli 

(shallow steps) and normal stimuli (ever steeper curves). Vertical lines indicate, 

how labeling the upper 5% of response times false-positive (FP) would correctly 

label  2/3, 1/2 or no true false-positive responses. 

 



 30 

 References 
 

 1. Artes PH, McLeod D, Henson DB (2002) Response time as a 
discriminator between true- and false-positive responses in suprathreshold 
perimetry. Invest Ophthalmol Vis Sci 43: 129-132 

 2. Barbur JL, Watson JD, Frackowiak RS, Zeki S (1993) Conscious visual 
perception without V1. Brain 116: 1293-1302 

 3. Barlow HB, Hill RM (1963) Selective sensitivity to direction of movement 
in ganglion cells of the rabbit retina. Science 139: 412-414 

 4. Barlow HB, Hill RM, Levick WR (1964) Retinal ganglion cells responding 
selectively to direction and speed of image motion in the rabbit. J Physiol 
173: 377-407 

 5. Bartlett NR, Macleod S (1954) Effect of flash and field luminance upon 
human reaction time. J Opt Soc Am 44: 306-311 

 6. Becker ST, Vonthein R, Volpe NJ, Schiefer U (2005) Factors influencing 
reaction time during automated kinetic perimetry on the Tuebingen 
Computer Campimeter. Invest Ophthalmol Vis Sci 46: 2633-2638 

 7. Beckers G, Zeki S (1995) The consequences of inactivating areas V1 
and V5 on visual motion perception. Brain 118 ( Pt 1): 49-60 

 8. Bengtsson B, Olsson J, Heijl A, Rootzen H (1997) A new generation of 
algorithms for computerized threshold perimetry, SITA. Acta Ophthalmol 
Scand 75: 368-375 

 9. Bernstein IH, Clark MH, Edelstein BA (1969) Effects of an auditory 
signal on visual reaction time. J Exp Psychol 80: 567-569 

 10.  Bruhn P, Parsons OA (1977) Reaction time variability in epileptic and 
brain-damaged patients. Cortex 13: 373-384 

 11.  Cardello AV (1979) Reaction time and visual brightness: within-
subject correlations. Percept Mot Skills 48: 107-115 

 12.  Chung SC, Tack GR, Choi MH, Lee SJ, Choi JS, Yi JH, Lee B, Jun 
JH, Kim HJ, Park SJ (2009) Changes in reaction time when using oxygen 
inhalation during simple visual matching tasks. Neurosci Lett 453: 175-177 

 13.  Curcio CA, Allen KA (1990) Topography of ganglion cells in human 
retina. J Comp Neur 300: 5-25 

 14.  de Natale R, Flammer J, Zulauf M, Bebie T (1988) Influence of age 
on the transparency of the lens in normals: a population study with help of 
the Lens Opacity Meter 701. Ophthalmologica 197: 14-18 



 31 

 15.  Drance SM, Berry V, Hughes A (1967) Studies on the effects of age 
on the central and peripheral isopters of the visual field in normal subjects. 
Am J Ophthalmol 63: 1667-1672 

 16.  Egge K (1984) The visual field in normal subjects. Acta Ophthalmol 
Suppl 169: 1-64 

 17.  Ffytche DH, Guy CN, Zeki S (1995) The parallel visual motion inputs 
into areas V1 and V5 of human cerebral cortex. Brain 118: 1375-1394 

 18.  Fisher RF (1968) The variation of the peripheral visual fields with age. 
Doc Ophthalmol 14: 41-67 

 19.  Goldmann H (1945) Grundlagen exakter Perimetrie. Ophthalmologica 
109: 57-70 

 20.  Greve EL (1973) Single and multiple stimulus static perimetry in 
glaucoma; the two phases of perimetry. Thesis, 36 edn. 

 21.  Haas A, Flammer J, Schneider U (1986) Influence of age on the 
visual fields of normal subjects. Am J Ophthalmol 101: 199-203 

 22.  Hall GS, von Kries JA (1879) Über die Abhängigkeit der Reaktionszeit 
vom Ort des Reizes. Archiv für Anatomie und Physiologie 1: 10 

 23.  Heijl A, Bengtsson B (1999) Die SITA-Programme - Statische 
Schwellenwertperimetrie der dritten Generation. Search on Glaucoma 7: 
58-64 

 24.  Hermann A, Pätzold J, Vonthein R, Krapp E, Rauscher S, Schiefer U 
(2008) Age-dependent normative values for differential luminance 
sensitivity in automated static perimetry using the Octopus 101. Acta 
Ophthalmol 86: 446-455 

 25.  Johnson CA, Adams AJ, Lewis RA (1989) Evidence for a neural basis 
of age-related visual field loss in normal observers. Invest Ophthalmol Vis 
Sci 30: 2056-2064 

 26.  Kim KM, Jeon WJ, Lee DH, Kang WC, Kim JH, Noh GJ (2004) 
Changes in visual and auditory response time during conscious sedation 
with propofol. Acta Anaesthesiol Scand 48: 1033-1037 

 27.  Letourneau JE, Denis R, Londorf D (1986) Influence of auditory or 
visual warning on visual reaction time with variations of subjects' alertness. 
Percept Mot Skills 62: 667-674 

 28.  Mansfield RJ (1973) Latency functions in human vision. Vision Res 
13: 2219-2234 

 29.  Nowomiejska KE, Vonthein R, Pätzold J, Zagorski Z, Kardon R, 
Schiefer U. The Reaction Time during Semi-automated Kinetic Perimetry 



 32 

(SKP) in Patients with advanced Visual Field Loss. Acta Ophthalmol . 2008 
Dec 16. [Epub ahead of print] 

 
 30.  Osaka N, Yamamoto M (1978) VEP latency and RT as power 

functions of luminance in the peripheral visual field. Electroenceph clin 
Neurophysiol 44: 785-788 

 31.  Payne WH (1966) Reaction time as a function of retinal location. 
Vision Res 6: 729-732 

 32.  Porciatti V, Fiorentini A, Morrone MC, Burr DC (1999) The effects of 
ageing on reaction times to motion onset. Vision Res 39: 2157-2164 

 33.  Rains JD (1963) Signal luminance and position effects in human 
reaction time. Vision Res 3: 239-251 

 34.  Riddoch G (1917) Dissociation of visual perceptions due to occipital 
injuries with especial reference to appreciation of movement. Brain 40: 15-
57 

 35.  Robinson DN (1966) Visual reaction time and the human alpha 
rhythm: the effects of stimulus luminance, area, and duration. J Exp 
Psychol 71: 16-25 

 36.  Schiefer U, Strasburger H, Becker ST, Vonthein R, Schiller J, Dietrich 
TJ, Hart WM (2001) Reaction time in automated kinetic perimetry: effects 
of stimulus luminance, eccentricity, and movement direction. Vision Res 
41: 2157-2164 

 37.  Snodgrass JG, Luce RD, Galanter E (1967) Some experiments on 
simple and choice reaction time. J Exp Psychol 75: 1-17 

 38.  Tartaglione A, Favale E, Benton A (1979) Visual reaction time as a 
function of locus, area, and complexity of stimulus. Arch Psychiatr 
Nervenkr 227: 59-69 

 39.  Teichner WH (1954) Recent studies of simple reaction time. 
Psychological Bulletin 51: 128-149 

 40.  Tynan PD, Sekuler R (1982) Motion processing in peripheral vision: 
reaction time and perceived velocity. Vision Res 22: 61-68 

 41.  Ueno T (1977) Reaction time as a measure of temporal summation at 
suprathreshold levels. Vision Res 17: 227-232 

 42.  Valls-Solé J, Solé A, Valldeoriola F, Munoz E, Gonzalez LE, Tolosa 
ES (1995) Reaction time and acoustic startle in normal human subjects. 
Neurosci Lett 195: 97-100 



 33 

 43.  van de Grind WA, Koenderink JJ, van Doorn AJ (1986) The 
distribution of human motion detector properties in the monocular visual 
field. Vision Res 26: 797-810 

 44.  Van Strien JW, Weber RF, Burdorf A, Bangma C (2009) Higher free 
testosterone level is associated with faster visual processing and more 
flanker interference in older men. Psychoneuroendocrinology 34: 546-554 

 45.  Venkatesh D, Ramachandra DL, Baboo NS, Rajan BK (2002) Impact 
of psychological stress, gender and colour on visual response latency. 
Indian J Physiol Pharmacol 46: 333-337 

 46.  Verriest G, de Landtsheer A, Uvijls A, Claeys P, Cobbaut L, van 
Langenhove M (1984) Muscular activity and perimetric thresholds. Int 
Ophthalmol 7: 37-43 

 47.  von Campenhausen C (1993) Die Sinne des Menschen. Georg 
Thieme Verlag, Stuttgart 

 48.  Vonthein R, Rauscher S, Pätzold J, Nowomiejska K, Krapp E, 
Hermann A, Sadowski B, Chaumette C, Wild JM, Schiefer U (2007) The 
normal age-corrected and reaction time-corrected isopter derived by semi-
automated kinetic perimetry. Ophthalmology 114: 1065-1072 

 49.  Wall M, Doyle CK, Brito CF, Woodward KR, Johnson CA (2008) A 
comparison of catch trial methods used in standard automated perimetry in 
glaucoma patients. J Glaucoma 17: 626-630 

 50.  Wall M, Kutzko KE, Chauhan BC (2002) The relationship of visual 
threshold and reaction time to visual field eccentricity with conventional 
automated perimetry. Vision Res 42: 781-787 

 51.  Wall M, Maw RJ, Stanek KE, Chauhan BC (1996) The psychometric 
function and reaction times of automated perimetry in normal and 
abnormal areas of the visual field in patients with glaucoma. Invest 
Ophthalmol Vis Sci 37: 878-885 

 52.  Weale RA (1983) Focus on Vision, Harvard edition North edn. 
Harvard University Press, Cambridge, MA 

 
 
 

Acknowledgement 
 

I would like to express my gratitude to all those who gave me the possibility to 
conduct this study. I have to thank especially Prof. John Wild, Cardiff School of 
Optometry & Vision Sciences, for his encouragement, reviewing the manuscript 
and for his stimulating suggestions. 



 34 

Danksagung 
 

 

Diese Promotion wäre ohne die Unterstützung vieler Menschen nicht möglich 

gewesen. Besonders erwähnen möchte ich an dieser Stelle:  

 meinen Doktorvater, Prof. Dr. med. U. Schiefer. Herzlichen Dank für die 

hervorragende Betreuung, die Journal Clubs, Ihren Enthusiasmus und 

die vielen Dinge, die ich von Ihnen lernen durfte.  

 Prof. John Wild, Cardiff. Danke für die sorgfältige Durchsicht des 

Manuskripts und viele wertvolle Ratschläge. 

 die Mitarbeiter der Arbeitsgruppe Sehbahn: Dr. rer. nat. Jens Pätzold, 

Bettina Selig, Agnes Matthiesen und Bernhard Erdmann. Ohne Eure 

Hilfe wäre mir die Organisation und Durchführung der Studie niemals 

möglich gewesen. 

 Elke Krapp. Als Dreh- und Angelpunkt der AG Sehbahn warst Du immer 

für uns da, hast bei der Rekrutierung der Probanden und bei der 

Literaturbeschaffung geholfen, Korrektur gelesen, gelegentlich Druck 

gemacht wenn es nicht vorwärts ging, kurz geholfen wo immer es 

möglich war.  

 Dr. rer. nat. R. Vonthein. Danke für die vielen Stunden gemeinsamer 

Datenauswertung vor Ihrem Computer. Die statistischen 

Grundkenntnisse gehören zum Wichtigsten, das ich während der 

Promotion gelernt habe und helfen mir heute fast täglich bei der 

klinischen Arbeit und Weiterbildung. Es hat Spaß gemacht ! 

 PD Dr. Bettina Sadowski. Herzlichen Dank für die augenärztliche 

Untersuchung der Studienteilnehmer. 

 Meine Eltern, Familie und Freunde. Danke für die Teilnahme als 

Probanden, für die tatkräftige Unterstützung, die ich während der Studie 

und beim Schreiben der Arbeit erfahren durfte und vor allem Danke, 

dass Ihr niemals an der Fertigstellung der Promotion gezweifelt habt. 

 A., von der ich gelernt habe, Wichtiges von weniger Wichtigem nicht nur 

zu unterscheiden, sondern nach dieser Erkenntnis auch zu handeln. 

 



35 

Lebenslauf 
 

 

� Name:                               Stephan Georg Rauscher 

� Geburtsdatum:                  05. November 1977 

� Geburtsort:            Tübingen 

� Familienstand:           ledig 

� Staatsangehörigkeit:          deutsch 

� Konfession:                       römisch-katholisch  

 

SCHULBILDUNG 
 

� 1984 -1988  Grundschule Vaihingen/Enz – Horrheim 

� 1988 – 1997  Friedrich-Abel-Gymnasium Vaihingen/Enz  

� 1997   allg. Hochschulreife 

 

ZIVILDIENST 
 

� 7/1997 – 7/1998 DRK Kreisverband Pforzheim, Rettungsdienst 

STUDIUM 
 

� 1998 – 2005   Medizinstudium, Eberhard-Karls-Universität Tübingen 

� 24.11.2005  Ärztliche Prüfung (3. Staatsexamen) 

KLINISCHE AUSBILDUNG 
 

� 10/2004 – 2/2005 1. Tertial des Praktischen Jahres 

Institut für Radiologie, Klinikum am Steinenberg Reutlingen 

� 2/2005 – 5/2005 2. Tertial des Praktischen Jahres  

Trauma Department, Tygerberg Hospital, University of                                                                                                                                                               
Stellenbosch, Kapstadt, Südafrika 

� 6/2005  - 9/2005 3. Tertial des Praktischen Jahres 

    Klinik für Innere Medizin, Luzerner Kantonsspital, Schweiz 

� 12/2005 – 5/2006 Abteilung für Anästhesie und Intensivmedizin.    
              Kreiskrankenhaus Calw 

� seit 6/2006  Zentrum für Anästhesie, Intensiv- und Notfallmedizin,   
              Schmerz- und Palliativmedizin, Klinikum Meiningen GmbH 


