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Abstract  

Significance: Comparison between the role of spatial and temporal contrast sensitivity in the 

association with reading, may provide insight into how visual tasks (such as reading) are related to 

primary optical or neural (or both) effects. More insight into primary visual factors influencing reading is 

important for understanding reading problems. 

Purpose: To gain insight into the association between optical and neural components of contrast 

sensitivity (CS), operationalized as spatial CS (optical and neural) or temporal CS (solely neural), and 

reading speed in a clinical sample of participants with macular pathologies. The precision and 

agreement were also investigated.  

Methods: The Mars test and temporal CS implementation of the C-Quant device were used to 

measure spatial CS and temporal CS, respectively. Tests were performed with 47 participants: mean 

age 77 (range 52-92) years. Associations were investigated with correlations and linear regression 

models. Precision was defined by coefficients of repeatability. The 95% limits of agreement between 

spatial CS and temporal CS values were assessed.  

Results: Reading speed correlated with both spatial CS (r=0.35, p=0.015) and temporal CS (r=0.66, 

p< 0.001). After correction for visual acuity, central loss and education level, the association between 

temporal CS and reading speed was not significant anymore. The coefficients of repeatability and 

reproducibility were 0.20 and 0.28 log units (spatial CS), and 0.33 and 0.35 log units (temporal CS), 

respectively. The values for temporal CS were 0.08 and 0.13 log units higher than for spatial CS. 

Conclusions: For spatial CS and temporal CS moderate to strong correlations were found, 

respectively, with reading speed in patients with maculopathies. The stronger association between 

temporal CS and reading speed is suggested to reflect a high sensitivity for neural integrity of temporal 

CS. The differences in coefficients of repeatability and reproducibility could be explained by the 

psychometrical differences between methods. 

Keywords: spatial contrast sensitivity; temporal contrast sensitivity; reading performance; reading 
speed; macular pathologies; retinal integrity 
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The difference in luminance of a visual target on a uniform background is defined as the contrast.1    

Contrast sensitivity is a function (i.e. consisting of contrast sensitivity thresholds as a function of 

stimulus frequencies) which is a product of optical and neural factors.1 In research and practice, two 

aspects of contrast sensitivity can be measured: spatial contrast sensitivity and temporal contrast 

sensitivity. Spatial contrast sensitivity can be measured with gratings with a sample of spatial 

frequencies or large letters that are presented at the peak spatial frequency. Spatial contrast 

sensitivity, measured with gratings or letters on a chart, is influenced by the optics of the eye, even at 

lower spatial frequencies.2 To measure flicker sensitivity or temporal contrast sensitivity, a flicker 

stimulus is presented to the eye. The concept of temporal contrast sensitivity is to better isolate neural 

function, as peak temporal contrast sensitivity is insensitive to optical blur.3 Since temporal contrast 

sensitivity is sensitive to retinal defects and insensitive to optical blur, the test is also described as a 

diagnostic test to detect and monitor the progression of (early) age-related macular degeneration 

(AMD) and to assess the efficacy of interventions.4, 5   

For patients with macular pathologies, besides a decrease of visual acuity (VA) also a loss of spatial 

and temporal contrast sensitivity is reported.5, 6 Although spatial contrast sensitivity is associated with 

VA, it provides additional information on the aspect of visual performance.7  For patients with AMD 

spatial contrast sensitivity may relate better to health-related quality of life8 , may associate better with 

utility in cost-effectiveness studies9 and may provide a broader understanding of the effects of 

treatment and benefits for patients.7  The main reason for visually impaired persons to seek low-vision 

rehabilitation is problems with reading.10  Spatial contrast sensitivity loss plays a critical role in reading, 

especially in persons with low vision.11  More insight into primary visual factors influencing reading 

performance is important for understanding a reduction in reading capacity in low vision patients with 

macular disease. 

Comparison between the role of spatial contrast sensitivity (optical and neural) and temporal contrast 

sensitivity (solely neural) in the association with reading speed, may provide insight into how visual 

tasks (such as reading) are related to primary optical or neural (or both) effects. In an earlier study on 

healthy adults of various ages, a significant correlation was found between both spatial and temporal 

contrast sensitivity, and reading speed.12 The correlation between spatial contrast sensitivity and 

reading speed was found to be the stronger one and was suggested to reflect a deterioration of both 

optical and neural factors with increasing age. Effects are expected to be stronger in patients with 
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macular pathologies, as contrast sensitivity is known to even further decrease in patients with AMD in 

comparison with subjects without ocular pathologies.13 A weak correlation has been reported between 

spatial contrast sensitivity and reading speed in patients with AMD.14, 15 Sunness et al.16 found that 

32% of the variability in reading speed was explained by spatial contrast sensitivity. However, to our 

knowledge, the association between temporal contrast sensitivity and reading speed has not yet been 

described for participants with macular pathologies. 

Although the relevance of spatial and temporal contrast sensitivity tests is widely known and the tests 

have been used in research, especially temporal contrast sensitivity tests are not yet widely adopted 

by clinicians. The Pelli-Robson test is a method often used to measure spatial contrast sensitivity, but 

can be considered time-consuming or complex regarding the size of the test chart, the working 

distance, and the special illumination required. To overcome these issues, the Mars Letter Contrast 

Sensitivity Test was developed to provide a small-format portable letter contrast sensitivity chart to 

measure spatial contrast sensitivity at peak sensitivity.17 The Mars Letter Contrast Sensitivity Test has 

reasonable to good agreement with the Pelli-Robson chart, and good repeatability.18 Regarding 

temporal contrast sensitivity tests, although several clinical devices are available, they are not always  

standardized and/or are unique to each specific study. A clinical device to measure temporal contrast 

sensitivity was developed19 by making an adaptation to the C-Quant device20 which was originally 

intended to measure straylight. The temporal contrast sensitivity test measures the foveal (<2ᵒ) retinal 

modulation depth threshold at peak sensitivity for an 8 Hz homogenous large field flicker stimulus. The 

precision of an agreement between the two relatively new tests for measuring spatial contrast 

sensitivity and temporal contrast sensitivity, has been assessed.12 The coefficients of repeatability 

found for spatial and temporal contrast sensitivity were in agreement with previous research; the small 

difference between the two methods was attributed to the psychometric differences between the 

methods. 

This study aimed to gain more insight into the primary visual factors (optical and/or neural) related to 

contrast sensitivity that may be important for understanding reductions in reading capacity in low vision 

patients with macular disease. This was also assessed previously in normally sighted subjects.12 The 

visual factors investigated were spatial contrast sensitivity and temporal contrast sensitivity. Because 

differences in individual characteristics influence the reading process, non-visual characteristics (e.g. 

age and education) and visual characteristics (e.g. VA, metamorphopsia, central loss and media 
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condition), were taken into account. In addition, the precision of the Mars Letter Contrast Sensitivity 

Test to measure spatial contrast sensitivity and temporal contrast sensitivity with the C-quant device 

and the agreement between the two methods was assessed. 

Materials and methods  

Participants  

Inclusion criteria were adults aged ≥18 years, Dutch as the first language, and adequate cognitive 

skills. Cognition was screened with a validated short form of the Mini Mental State Examination.21  

Also, participants were diagnosed with binocular maculopathies, the disease was stable in the last 3 

months (based on patients’ clinical files) and no progression was expected (based on the absence of 

subretinal fluid on the OCT image obtained during the first examination), and they had a stable best 

corrected distance VA of poorer than 0.2 LogMAR. Exclusion criteria were other eye or cognitive 

diseases or use of medication that could influence the results of the present study, reading disorders 

(e.g. dyslexia), and progression of the ocular disease. Participants were recruited in the Elkerliek 

Hospital, Helmond, the Netherlands. Participants who met the inclusion and exclusion criteria were 

invited via a letter explaining the nature/extent of the study. Informed consent was obtained from all 

participants.  

All study procedures adhered to the Declaration of Helsinki for research involving human subjects. In 

addition, approval was obtained from the Institutional Review Board of the VU University Medical 

Center Amsterdam and the Elkerliek Hospital. Contrast sensitivity measurements were part of the test 

battery during an earlier study in which five Dutch continuous text reading tests were analyzed.22   

Of the 201 patients approached for this study, 53 participated. Participants were significantly younger 

(mean: 78 years) compared with non-responders (mean: 84 years). No significant difference was 

found for gender. The most frequently occurring reasons for not participating were: problems with 

physical health, advanced age, problems with mobility/going to the hospital, and problems with mental 

health. Furthermore, 17 persons indicated that they did not see the benefit of participating, that they 

had no time to participate and/or it would be too tiring for them to participate.  

Materials and procedures  
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All tests to measure spatial contrast sensitivity, temporal contrast sensitivity and reading speed were 

performed monocularly. The eye with better distance VA was selected. Refractive errors were 

corrected and optimal near correction was placed in a trial frame; the eye not being tested was 

occluded. Spatial and temporal contrast sensitivity were assessed at the preferred retinal locus for 

fixation, as were other tested visual tasks, such as visual acuity and reading. All measurements were 

performed by one experienced tester.  

The Mars Letter Contrast Sensitivity Test was used to measure spatial contrast sensitivity, and the 

temporal contrast sensitivity test implemented within the C-Quant device was used to measure 

temporal contrast sensitivity. The Mars Letter Contrast Sensitivity Test is a hand-held chart with a 

sequence of 48 randomly ordered Sloan letters (10 different letters were used) to measure spatial 

contrast sensitivity at peak sensitivity.17 The Mars chart comes in three versions. The contrast range 

corresponds to 0.04-1.92 log contrast sensitivity, with each successive letter representing an 

increment of 0.04 log units. Charts were presented in a randomized order and were presented on a 

reading stand. Chart luminance was around 90 cd/m2. Participants were encouraged to guess and the 

testing ended when two consecutive letter-reading errors were made. Contrast sensitivity was scored 

using the letter-by-letter method, where a value of 0.04 log units per correct letter was given. 

The temporal contrast sensitivity test measures the modulation depth threshold for an 8 Hz 

homogenous large field flicker stimulus in a two-alternative forced choice procedure; the modulation 

varied by 0.1 log units. The retinal projection of a large field remains virtually the same, independent of 

issues in the optical media such as refractive errors (aberrations) or light scattering. The stimulus field 

consists of a central test field with a diameter of 3.3 deg divided in two halves and projection is foveal. 

During the examination, the flicker stimuli were randomly presented to one of the halves of the test 

area with a maximum duration of 6 s; the participant had to indicate by pressing one of two buttons, in 

which half of the test area the flicker was present. With the temporal contrast sensitivity test the foveal 

(<2ᵒ) retinal deficiencies are assessed at peak sensitivity. Details are given in the original publication.19  

In the patients with central field loss, it is likely that the flickering stimulus (as well as the other stimuli 

used in this study) was viewed using a non-foveal preferred fixation locus. The participant held the eye 

to be examined close to the viewing hole of the device and the eye not being tested was covered with 

an occluder pad. Participants were instructed to decide which one of two fields presented flicker stimuli 
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and to press the corresponding key on the device; they were encouraged to press a key even if the 

test fields looked the same. Tests were performed in a dimly lit room.  

As also proposed earlier12  there is an essential difference between the two methods, i.e. spatial 

contrast sensitivity relates to a localized difference in contrast (letter on a background) and temporal 

contrast sensitivity relates to a periodical difference in contrast (amplitude changes back and forth over 

time). In accordance with generally accepted principles: i) Weber contrast, defined as (Lmax-

Lmin)/Lbackground), was used to determine the Mars letter contrast sensitivity and ii) Michelson contrast, 

defined as (Lmax-Lmin)/(Lmax+Lmin), was used to determine the flicker contrast sensitivity, where Lmax, Lmin 

and Lbackground are luminance maximum, minimum and background, respectively. It is important to note 

that, due to the different formulas used to determine contrast, there is a factor of approximately two 

difference between spatial contrast sensitivity and temporal contrast sensitivity, resulting in a 

difference of 0.3 log units higher results for the temporal contrast sensitivity test.  

To determine the maximum reading speed, the Radner Reading Charts23 were used. This test was 

chosen because reliability and other psychometric properties are known to be adequate.24, 25 Two 

different charts were presented in randomized order; charts were presented on a reading stand. 

Reading distance was adjusted according to the participant’s reading addition and preferred viewing 

distance and varied between 22 to 40 cm; this was determined with a ruler and constantly verified 

during the procedure. Radner Reading Charts were read with an illumination of around 300 cd/m2 but 

this was adjusted in a few cases if less illumination was required due to hinder from too much light 

reported by the participant. Reading speed was measured in standard words per minute (SWPM).26 

Reading speed was determined by calculating the mean reading speed of the fastest sentence read 

on each chart. All testing procedures were monitored with video and audio recording; these recordings 

were later used to measure reading speed with a stopwatch at vocal onset. The rating of the videos 

was performed by three experienced and trained testers, similar to work by Radner et al.23    

Distance VA was measured using a Rodenstock chart projector at a distance of 20 feet (6 m). Other 

visual parameters, such as ocular lens status and onset of the maculopathy, were obtained from the 

patient’s hospital file. The Amsler grid chart was used to test for the presence of metamorphopsia 

and/or a central scotoma. Participants were asked, if possible, to describe and or draw the location of 



8 
 

the scotoma and or appearance of the metamorphopsia.  Non-visual characteristics of the participants 

(age and education) were asked at the start of the testing session. 

The precision of the measurement can be defined as the degree to which the same method produces 

the same result on repeated measurements with the same individual on the same day (repeatability) 

and with a time interval of more days (reproducibility).27  To determine the repeatability the 

measurements of both the Mars Letter Contrast Sensitivity Test and the temporal contrast sensitivity 

test with the C-Quant device were repeated under the same conditions after 30-40 min. To determine 

the reproducibility of these tests, the whole testing procedure was repeated under the same conditions 

after a period of 2-10 weeks. Under the same conditions means that spatial contrast sensitivity and 

temporal contrast sensitivity were repeated in the same way regarding reading distance, illumination 

levels and rater, which was the same person. The optical coherence tomography (OCT) imaging 

technique was used to determine if there was intraretinal or subretinal fluid. If this was the case on the 

first examination day, patients were not invited for the second test but were referred back to their 

ophthalmologist. If this was the case on the second examination day, patients were withdrawn from 

the retest study. If changes appeared with distance VA of more than one line, the participant was 

withdrawn from the retest study.  

Statistical analysis  

To investigate the association between spatial and temporal contrast sensitivity and reading speed, 

the mean value of the first and second administration measurements were analyzed. In case of 

missing measurements, no mean could be calculated and the value of the available measurement was 

used. Correlations between visual characteristics (distance VA, central loss, metamorphopsia, media 

condition) and non-visual characteristics (age and education) were analyzed with Pearson’s and 

Spearman’s correlations. Pearson’s correlation was used to evaluate the relation between continuous 

variables (spatial contrast sensitivity, temporal contrast sensitivity, reading speed, distance VA, age, 

education). Spearman correlations were used for dichotomous or ordinal variables (central loss, 

metamorphopsia, media condition). 

Before performing linear regression analysis, for each (in)dependent variable normality and 

multicollinearity were checked and no issues found. Subsequently, linear regression models were fit to 

investigate the associations between either spatial or temporal contrast sensitivity and reading speed 
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in uncorrected and corrected models. Adjustments were made for relevant visual confounders and 

patient characteristics. 

After optimal refraction, for five participants their distance VA was better than the inclusion criteria and 

therefore the eye that best met the inclusion criteria was selected. In addition as a sensitivity analysis, 

these cases were excluded from analysis. If differences were remarkable, these were reported. 

Because the visual deficit was relatively strong in several participants, not all of them could perform 

the temporal contrast sensitivity test. Differences between the participants who could and who could 

not perform the test were analyzed with independent samples t-tests and chi-square test for reading 

speed, visual and non-visual variables. 

To determine the precision of the measurement the coefficients of repeatability and reproducibility 

were calculated for the spatial contrast sensitivity test and the temporal contrast sensitivity test. The 

mean difference and the standard deviation between two measurements were given and the 

distributions of these values are presented. The coefficient of repeatability or reproducibility was 

described as 1.96*SD. Regarding the reliability of the temporal contrast sensitivity test, the uncertainty 

was assessed. The TCS test is a psychophysical test, estimating a threshold value on the basis of a 

number of responses. The responses can be more or less consistent. As the TCS test involves 

multiple stimuli/responses, and statistical analysis is based on known psychometric principles, it is 

possible to derive an uncertainty for each single TCS value. The mathematics of the uncertainty 

values are such to predict the standard deviation in case of repeated measures, and have been found 

to work well.19 Standard statistical tools exist to estimate uncertainty of the estimated threshold value 

based on the consistency of the answers and a reliability criterion of uncertainty <0.15 log units was 

considered sufficient.19 The mean uncertainty for temporal contrast sensitivity was assessed and 

compared with the earlier found criterion.  When the uncertainty value was >0.15 log units, instruction to 

the patient may have been inadequate or misunderstood and the measurement was repeated after new 

instruction.  

The difference between spatial contrast sensitivity and temporal contrast sensitivity was determined 

with the 95% limits of agreement using a Bland-Altman analysis28 and were expressed in log units. 

Using the limits of agreement method allows to test a proportional systematic difference between the 

two methods.  
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All statistical analyses were performed with SPSS for Windows version 20 (SPSS IBM, New York, 

USA).  

Results  

Participants 

Of the 53 participants, six were excluded from further analysis because they were unable to read any 

sentence on the Radner Reading Chart, or had a reading speed of ≤40 SWPM. Of the remaining 

participants, 21 were male and 26 female. The distance acuity of the eye tested was LogMAR 0.58 

(SD=0.26; range 0.20-1.30). Of the remaining 47 participants, 43 had AMD, 2 had Best disease, 1 had 

Stargardt maculopathy, and 1 status after macular hole successfully treated with pars plana 

vitrectomy. Of the tested eyes, 3 had clear lenses, 16 were pseudophakic and 28 had mild to 

moderate cataracts. The mean number of years with maculopathies was 3 (SD=2; range 1-10) and 18 

participants had central loss. The mean number of years of education was 10 (SD=3; range 6-16). 

Other vision-related patient characteristics are summarized in the bottom section of Table 1. The 

mean number of weeks between the first and second testing session was 4 (SD=2; range 2-10). The 

goal was to repeat the session within 2-6 weeks; however, although 4 participants had a longer time 

interval of 7-10 weeks due to personal reasons, their eye condition remained stable over that period. 

Four participants were not able to participate in the second testing session for the following reasons: 1 

change of VA, 1 change of OCT image, and 2 experienced the testing session as being too 

exhausting. In addition, there were some missing values on the variables central loss and 

metamorphopsia (N=4) and education (N=1).  

Due to fatigue, a second measurement (on the same day) could not be performed for 3 and 2 

participants for spatial and temporal contrast sensitivity, respectively. Also, 12 participants could not 

perform the temporal contrast sensitivity test as a whole: for 2 participants the test was not available 

due to technical reasons and the remaining 10 could not perform this test for various reasons (e.g. 

unable to see the test field, or a delayed responsiveness >6 s). Participants unable to perform the 

temporal contrast sensitivity test were significantly older (mean age 83 years; p=0.019) than 

participants (mean age 76 years) who did. For the other visual and non-visual variables no significant 

differences were found between the two groups. 
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Correlation between reading speed and contrast sensitivity 

Correlations are presented in the top section of Table 1. The average maximum reading speed was 

132 SWPM (SD 53; range 44-238), spatial contrast sensitivity was 1.27 log units (SD 0.18; range 0.74-

1.68) and temporal contrast sensitivity was 1.65 log units (SD 0.39; range 0.62-2.19). Figure 1 shows 

the correlation between reading speed and spatial contrast sensitivity (r=0.352; p=0.015) and temporal 

contrast sensitivity (r=0.661; p<0.001). Figure 2 shows the correlation between distance VA and 

spatial contrast sensitivity (r=0.287; p=0.051) and temporal contrast sensitivity (r=0.633; p<0.001). 

Figure 3 shows the correlation between reading speed and distance VA (r=0.680; p<0.001).  

 

Not all participants could perform the temporal contrast sensitivity test due to a relatively strong visual 

deficit, leading to differences between the group of participants analyzed for spatial and temporal 

contrast sensitivity testing. Therefore, we also investigated whether the correlations between reading 

speed, distance VA, temporal and spatial contrast sensitivity would change if the same group of 

participants was used for both contrast sensitivity methods. Participants that could not perform the 

temporal contrast sensitivity test (n=12) were removed from the analysis for spatial contrast sensitivity. 

The correlations were almost equal with only a slight change, e.g. the correlation between spatial 

contrast sensitivity and reading speed for the adjusted group was (r=0.397, p=0.018).  

  

Association model for spatial contrast sensitivity or temporal contrast sensitivity and reading 

speed 

 

Based on relevant and significant correlations, we decided to adjust the regression models for 

distance VA, central loss and education level. Uncorrected and corrected linear regression analyses 

for the association between spatial contrast sensitivity or temporal contrast sensitivity and reading 

speed are shown in Table 2. The uncorrected analyses showed a significant association between 

spatial contrast sensitivity and reading speed (b=104; p=0.015) and between temporal contrast 

sensitivity and reading speed (b=88; p<0.001). Reading speed increased with increasing spatial and 

temporal contrast sensitivity. In the uncorrected model spatial contrast sensitivity explained 12% of the 

variance and temporal contrast sensitivity explained 44% of the variance. The corrected models 
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explained 64% and 61% of the variance for respectively spatial contrast sensitivity and temporal 

contrast sensitivity in the association with reading speed. However, the association between temporal 

contrast sensitivity and reading speed was not significant anymore.  

 

In addition, a sensitivity analysis was performed. Five participants were excluded from the analysis 

because, after optimal refraction, their distance VA was better than the inclusion criterion. When 

removed from the corrected model, spatial contrast sensitivity (b=71; p=0.073) significance level 

slightly dropped and was on the verge of significance in association with reading speed. The 

association between temporal contrast sensitivity and reading did not change significantly, only the 

regression coefficients slightly changed. 

 

Precision of the spatial/temporal contrast sensitivity test and comparison between tests 

In Figure 4 (for each test separately) the difference between the two administrations, with the longer 

time interval, is plotted as a function of the mean of spatial contrast sensitivity or temporal contrast 

sensitivity. Table 3 presents the mean differences, SDs and coefficient of repeatability and 

reproducibility. The average value for the first minus second administration measurement on the same 

day for spatial contrast sensitivity was -0.01 log units and for temporal contrast sensitivity was 0.06 log 

units. The mean uncertainty for temporal contrast sensitivity was 0.11 (SD 0.03 and SD 0.04) log units 

for the first and second measurement on the same day, respectively, and 0.11 (SD 0.02) log units for 

the measurement a few weeks later; all these values are below the uncertainty reliability criterion of 

<0.15 log units. The coefficients of repeatability and reproducibility were 0.20 and 0.28 log units, 

respectively, for spatial contrast sensitivity; and 0.33 and 0.35 log units, respectively, for temporal 

contrast sensitivity.  

Table 3 presents the agreement between spatial and temporal contrast sensitivity. As explained 

earlier,12 due to the different formulas used to determine spatial and temporal contrast sensitivity, a 

correction factor of two (difference 0.3 log units) needs to be applied to determine the difference 

between the two methods. After applying the correction factor, the values for the temporal contrast 

sensitivity were 0.08 and 0.13 log units (first and second measurement, respectively) higher than 

those for the spatial contrast sensitivity.  
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Discussion 

The aim of this study was to determine to what extent optical versus neural aspects influence reading 

speed for individuals with macular pathologies, and to assess the precision and agreement of two 

relatively new tests for measuring spatial and temporal contrast sensitivity in this group.  

Spatial contrast sensitivity can be considered the combined result of neural sensitivity and optical 

factors and, as such, includes temporal contrast sensitivity (considered to be solely neural sensitivity). 

In the present study, both spatial and temporal contrast sensitivity were tested in participants with 

maculopathies, allowing to compare both methods and their association with reading speed in this 

group. Results of the correlation between spatial contrast sensitivity and reading speed are in 

accordance with earlier research.11, 15, 29, 30 To our knowledge the association between temporal 

contrast sensitivity and reading speed has not earlier been described for participants with macular 

pathologies. In the present study, moderate (r=0.352; p=0.015) to strong (r=0.661; p<0.001) 

correlations were found between spatial contrast sensitivity and temporal contrast sensitivity, 

respectively, and reading speed. After correction for confounding in the linear regression model by 

distance VA, central loss and education level, the association between temporal contrast sensitivity 

and reading speed was not significant anymore.    

The stronger association found between temporal contrast sensitivity and reading speed, tested in 

participants with maculopathies, is suggested to reflect a high sensitivity for neural integrity of the 

temporal contrast sensitivity test. As also proposed by others, temporal contrast sensitivity31 as well as 

reading speed32 are relatively unaffected (or less affected) by media opacity and can therefore be 

used as a potential vision test to assess neural integrity. One could speculate about an explanation for 

the high sensitivity of temporal contrast sensitivity tests for neural integrity: It is possible that spatial 

and temporal contrast sensitivity target different retinal mechanisms. Flicker stimulation (in comparison 

to a static stimulation) is reported to lead to a higher metabolic demand of retinal tissue 

(vasodilatation,33 increased blood flow,34 and oxygen levels35 ). In eyes with AMD, this specific 

mechanism may be affected allowing flicker stimuli to detect functional retinal deficiencies.13, 36, 37   
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Certain visual characteristics and non-visual characteristics that influence the association between 

spatial or temporal contrast sensitivity and reading speed were found. The association between 

temporal contrast sensitivity and reading speed was not significant anymore after correction for in 

particular distance VA. Therefore, we cannot rule out that other visual functioning tests or patient 

characteristics mask this association in a sample of patients with progressive AMD.  

It can be questioned to what extent distance VA can explain or predict deficits in reading speed in 

patients with maculopathies.38 Other factors not measured in the present study, such as eccentric 

viewing, fixation stability, reduced visual span, and impaired eye movement control are known to 

influence the reading process.39-42   Furthermore, especially in the case for early AMD where subtle 

alterations in the macula appear before VA decreases, other visual function tests, in particular spatial 

and temporal contrast sensitivity, visual adaptation, central visual field and colour discrimination have 

been reported to reflect the functional status of the macula better than VA.13  This in contrast to the 

present study where most patients had advanced geographic atrophy, which had a significant impact 

on distance VA and reading speed. 

It is therefore interesting for future research to test temporal contrast sensitivity and the relation with 

reading speed for patients with early maculopathies and with adequate distance VA. It was also 

suggested in the literature that functional assessment of retinal integrity and retinal changes, in 

combination with imaging techniques and clinical grading, could have a high potential for monitoring 

and diagnosing AMD.5, 43, 44  It would be interesting to study whether the short-duration temporal 

contrast sensitivity test used in the present study could serve this purpose. 

In the present study, the correlation found between temporal contrast sensitivity and reading (r=0.661; 

p<0.001) was higher than in an earlier study in participants without macular pathologies (r=0.258; 

p=0.042). This might be explained by the larger variability in macular function in the present study, 

which seems to be strongly indicated by the temporal contrast sensitivity test, being a selective neural 

test. The correlation found between spatial contrast and reading speed (r=0.352; p=0.015) is very 

similar to the association found in another study with participants with no ocular pathologies (r=0.470; 

p=<0.001).12 The smaller age range in the present study (52-92 years) in comparison with the group 

without ocular pathologies (18-86 years), probably explains the lower and non significant correlations 

between age and spatial or temporal contrast sensitivity in comparison with the results found in the 
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latter study.12  Also the stronger source of variation (macular pathology) might causes the weaker 

source of variation (age) to be less significant.  

Regarding the feasibility of the two contrast sensitivity tests, of the 47 participants analyzed 10 could 

not perform the temporal contrast sensitivity test due to difficulty in seeing the test field, perceiving the 

flicker or they had a delay in their responsiveness and could not react within the 6 s of the stimulus 

duration. These 10 participants were significantly older than the participants who could perform the 

temporal contrast sensitivity test. The differences between the two groups on the other variables (e.g. 

distance VA, central loss, metamorphopsia, media condition and education)  was not significant. It is 

unclear how the fact that the temporal contrast sensitivity test could not be performed by all 

participants may have influenced the association found between temporal contrast sensitivity and 

reading speed. We looked into how the correlations between reading speed and spatial contrast 

sensitivity would change if the group of participants who could not perform the temporal contrast 

sensitivity test were excluded from the analysis, we found that the correlation changed only slightly. 

Considering the precision of the tests at the first administration measurement and at the retest, the 

coefficient of repeatability and reproducibility was 0.22 and 0.28 log units for the spatial contrast 

sensitivity test and was 0.33 and 0.35 log units for the temporal contrast sensitivity test, respectively. 

The difference in coefficient of repeatability and reproducibility values between the two methods might 

be attributed to the psychometric differences between the methods. The spatial contrast sensitivity test 

(which uses 10 Sloan letters) has a 10-alternative forced choice procedure compared with a two-

alternative forced choice procedure of the temporal contrast sensitivity test. The coefficient of 

reproducibility for spatial contrast sensitivity is in agreement with that of Haymes et al.45 These authors 

found a coefficient of reproducibility of 0.24 log units for a similar group of patients (only slightly 

younger and with worsened VA). Dougherty et al.46  found a slightly lower coefficient of repeatability of 

0.20 log units for a group of participants about 20 years younger (mean age 57 years). Both studies 

used the Mars letter Contrast Sensitivity Test to measure spatial contrast sensitivity. The present study 

is the first to describe the repeatability and reproducibility of temporal contrast sensitivity measured 

with the adaptation to the C-Quant device for a group of participants with maculopathies. 

The agreement between the spatial and temporal contrast sensitivity methods was similar to an earlier 

study (including normally sighted persons) in which the values of temporal contrast sensitivity were 0.1 
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log units higher than those of spatial contrast sensitivity.12 As mentioned, this difference might be 

attributed to optical mechanisms leading to a worsened image on the retina for the spatial (specifically, 

letter) contrast sensitivity, and to a difference between the neurons in the parvo-cellular and magno-

cellular pathways mediating (primarily) the spatial contrast sensitivity and temporal contrast sensitivity, 

respectively. 

In the present study, the lack of clearly-defined size and location of macular scotomas is a limitation; 

however, to address this problem, spatial contrast sensitivity, temporal contrast sensitivity, reading 

speed and the Amsler chart were assessed monocularly. To assess all tests monocularly, it was 

assumed that the preferred retinal locus of the participants would be the same for the different tests, 

as no shift could be made to the fellow eye. However, due to possibly unstable fixation, this cannot be 

guaranteed.41 Furthermore, a significant proportion of patients with central loss will not be identified 

using the Amsler chart alone and more advanced devices are needed.47  The use of micro-perimeters, 

such as the Nidek MP-1 and Haag-Streit Maia which includes a scanning laser ophthalmoscope 

(SLO), might provide more insight into the relation between contrast sensitivity and reading, and the 

influence of macular problems.48  Furthermore, although all our participants had atrophic areas within 

the limits of accuracy subjectively assessed, the size could not be accurately measured with the OCT 

(also due to unstable fixation). Of importance is that contrast thresholds were determined at peak 

spatial frequency, instead of a whole contrast sensitivity function curve; this might also be considered 

a study limitation.  

 

Conclusion 

The aims of this study were to gain insight into the extent in which optical versus neural aspects 

influence reading speed for individuals with macular pathologies, and to assess the precision and 

agreement of two relatively new tests for measuring spatial and temporal contrast sensitivity. For 

spatial contrast sensitivity and temporal contrast sensitivity, moderate to strong correlations were 

found, respectively, with reading speed. The stronger association found between temporal contrast 

sensitivity and reading speed is suggested to reflect a high sensitivity for neural integrity of the 

temporal contrast sensitivity test. However, we cannot rule out that other visual functioning tests or 

patient characteristics mask the association in a sample of patients with progressive AMD. The 

coefficients of repeatability and reproducibility for spatial contrast sensitivity found in the present study 
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were better in comparison with the temporal contrast sensitivity, which might be attributed to the 

psychometric differences between the methods. The coefficients of repeatability and reproducibility for 

spatial contrast sensitivity found in the present study are found to be good and in agreement with 

previous research. A downside of the temporal contrast sensitivity test is that not all participants could 

manage to perform the test because of profound vision loss. However, the temporal contrast sensitivity 

test might have a high potential for diagnosing early AMD and monitoring of patients in clinical 

practice. 
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Table. 1. Pearson’s and Spearman’s correlation coefficients of potential covariates with SWPM for the Radner sentences and participants’ characteristics 
(mean values). 
 
 Reading 

speed 
(SWPM) 

SCS  

(log units) 

TCS 

(log units) 

Distance 
VA 
(logMar) 

Central 
loss 
(yes/no) 

Metamor-
phopsia 
(yes/no) 

Media 
condition 
(clear/ 
unclear) 

Age  

(years) 

Education  

(years) 

SCS (N=47) 0.352*†         

TCS (N=35) 0.661**† 0.603**†        

Distance VA  -0.680**† -0.287† -0.633**†       

Central loss  -0.582**‡ -0.047‡ -0.507**‡ 0.462**‡      

Metamor-
phopsia  

-0.107‡ 0.039‡ -0.102‡ 0.058‡ 0.341*‡     

Media 
condition  

-0.003‡ 0.108‡ 0.026‡ 0.025‡ 0.099‡ 0.096‡    

Age  0.030† -0.011† 0.279† -0.234† -0.266‡ -0.154‡ -0.131‡   

Education  -0.323*† 0.267† -0.117† 0.141† 0.242‡ 0.106‡ 0.082‡ -0.145†  

          

Mean (SD) 132 (53) 1.27 (0.18) 1.65 (0.39) 0.58 (0.26) 38% yes 68% yes 36% Clear 77 (8) 10 (3) 

range 44 to 238 0.74 to 
1.68 

0.62 to 
2.19 

1.30 to 
0.20 

   52 to 92 6 to16 

 
Table 1. **Correlations are significant at the 0.001 level (2-tailed), *Correlations are significant at the 0.05 level (2-tailed). SWPM; standard words per minute, VA; visual acuity. SCS; spatial contrast 
sensitivity, TCS; temporal contrast sensitivity. †Pearson’s correlation was used to evaluate the relation between two continuous variables. ‡Spearman correlation was used to evaluate the monotonic 
relation between two continuous or ordinal variables. Ordinal variables were; central loss, metamorphopsia, media condition, sex. 
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Table 2. Crude and adjusted models of the estimated associations between spatial or temporal contrast sensitivity and reading speed (in SWPM).  
 

 Crude model  
b [95%-CI] 

p Adjusted model 
b [95%-CI] 

p 

SCS (N=47) 104.2 [20.9;187.4] 0.015 76.0 [6.8;145.3] 0.032 
Distance VA   -91.5 [-139.4 ;-43.6] <0.001 
Central loss   -29.7 [-54.7; -4.8] 0.021 

Education   -4.1 [-8.8; 0.5] 0.082 
     

TCS (N=35) 88.3 [52.9;123.8] <0.001 31.2[-22.5; 85.0] 0.243 
Distance VA   -84.6 [-160.5; -8.7] 0.030 
Central loss   -24.9 [-57.3; 7.4] 0.125 

Education   -2.7 [-8.9; 3.5] 0.375 
Table 2. b; unstandardized regression coefficient, CI; confidence interval, SCS; spatial contrast sensitivity, TCS; temporal contrast sensitivity, SWPM; standard words per minute, VA; visual acuity. 
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Table 3. Precision of the spatial and temporal contrast sensitivity test and difference in values between the two methods. 

 CS values (log) test 1 
Mean (SD) 

CS values (log) test 2 
Mean (SD) 

 ∆ CS values (log) 
Mean (SD)                                       

Coefficient of repeatability/ 
reproducibility  

 

(95% limits of  
agreement) 

SCS test, measurement 1 - 2 same day (N=43) 1.26 (0.19) 1.26 (0.17)  -0.01 (0.10)   0.20  

TCS test, measurement 1 – 2 same day (N=33) 1.62 (0.40) 1.69 (0.38)  0.06 (0.17)  0.33  

SCS test, measurement 1 – 2 time interval 2- 10 
weeks  

1.26 (0.19) 1.27 (0.20)  0.00 (0.15)  0.28  

TCS test, measurement 1 – 2 time interval 2- 10 
weeks  

1.62 (0.40) 1.72 (0.36)  0.07 (0.18)  0.35  

TCS test – SCS test, for administration 
measurement 1 and 2 on the same day 

   0.38† (0.36) 

0.43‡ (0.29) 

  [-0.31;1.08] † 

[-0.15;1.00] ‡ 

 
Table 3. SCS; spatial contrast sensitivity, TCS; temporal contrast sensitivity, r : Lin’s concordance correlation coefficients were used for the correlation between two administration measurements for 
the spatial CS and temporal CS test. Pearson correlation coefficients were used for the correlation between the spatial CS and temporal CS test, *correlation is significant at the 0.01 level (2-tailed). 
†: first administration measurement, ‡: second administration measurement. ∆ difference between two administration measurements or between two methods. Values are in log units.  
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Figure 1. Association between spatial and temporal contrast sensitivity and reading speed. R; Pearson’s correlation coefficients, **correlation is significant at the 0.01 level (2-tailed), *correlation is 
significant at the 0.05 level (2-tailed). SCS; spatial contrast sensitivity, TCS; temporal contrast sensitivity, RS; reading speed.  
 
 
 
Figure 2. Association between spatial or temporal contrast sensitivity and distance visual acuity. R; Pearson’s correlation coefficients, **correlation is significant at the 0.01 level (2-tailed). SCS; 
spatial contrast sensitivity, TCS; temporal contrast sensitivity, VA; visual acuity. 
 
 
 
Figure 3. Association between reading speed and distance visual acuity. R; Pearson’s correlation coefficients, **correlation is significant at the 0.01 level (2-tailed).  
 
 

Figure 4. Reproducibility of the spatial (A) and temporal contrast sensitivity (B) tests, as judged from the difference between the two administration measurements with a time interval of 2-10 weeks. 
SCS; spatial contrast sensitivity, TCS; temporal contrast sensitivity 
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