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The Influence of the Stimulus Design on the Harmonic Components of the Steady-State Visual Evoked Potential
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Steady-state visual evoked potentials (ssVEPs) are commonly used for functional objective diagnostics. In general, the main response at the stimulation frequency is used. However, some studies reported the main response at the second harmonic of the stimulation frequency. The aim of our study was to analyze the influence of the stimulus design on the harmonic components of ssVEPs. We studied 22 subjects (8 males, mean age ± SD = 27 ± 4.8 years) using a circular layout (r1 = 0–1.6°, r2 = 1.6–3.5°, r3 = 3.5–6.4°, r4 = 6.4–10.9°, and r5 = 10.9–18°). At a given eccentricity, the stimulus was presented according to a 7.5 Hz square wave with 50% duty cycle. To analyze the influence of the stimulus eccentricity, a background luminance of 30 cd/m2 was added to suppress foveal stray light effects; to analyze the influence of simultaneous foveal and peripheral stimulations, stimulations are performed without stray light suppression. For statistical analysis, medians M of the amplitude ratios for amplitudes at the second harmonic to the first harmonic and the probability of the occurrence of the main response at the second harmonic P(MCSH) are calculated. For stimulations with foveal stray light suppression, the medians were M0–1.6° = 0.45, M1.6–3.5° = 0.45, M3.5–6.4° = 0.76, M6.4–10.9° = 0.72, and M10.9–18° = 0.48, and the probabilities were P0–1.6°(MCSH) = 0.05, P1.6–3.5°(MCSH) = 0.05, P3.5–6.4°(MCSH) = 0.32, P6.4–10.9°(MCSH) = 0.29, and P10.9–18°(MCSH) = 0.30. For stimulations without foveal stray light suppression, the medians M were M0–1.6° = 0.29, M1.6–3.5° = 0.37, M3.5–6.4° = 0.98, M6.4–10.9° = 1.08, and M10.9–18° = 1.24, and the probabilities were P0–1.6°(MCSH) = 0.09, P1.6–3.5°(MCSH) = 0.05, P3.5–6.4°(MCSH) = 0.50, P6.4–10.9°(MCSH) = 0.55, and P10.9–18°(MCSH) = 0.55. In conclusion, the stimulus design has an influence on the harmonic components of ssVEPs. An increase in stimulation eccentricity during extrafoveal stimulation leads to a transition of the main response to the second harmonic. The effect is enhanced by a simultaneous foveal stimulation.
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INTRODUCTION

In clinical practice, visual evoked potentials (VEPs) are commonly used for ophthalmologic diagnostics. A distinction is made between transient VEPs, as a response to a single stimulus event, and steady-state VEPs (ssVEPs), as a response to intermittent stimulation with short stimulus interval time (Regan, 1966). Due to the advantages of short recording time with a high number of responses, ssVEPs are used for objective functional diagnostics, e.g., in the determination of visual acuity (Bach et al., 2008) or contrast threshold (Norcia et al., 1989). Therefore, visual stimuli are presented to the subject, and one stimulation parameter, e.g., the stimulation contrast, is swept over the stimulation time (Regan, 1973; Tyler et al., 1979; Norcia and Tyler, 1985). The recorded signals are transformed into the frequency domain and amplitude and phase information are used (Bach and Meigen, 1999). A review of the different sweep VEP techniques and use cases is given in Almoqbel et al. (2008).

Due to the stimulation with intermittent stimuli, the evoked potential contains frequency components related to the stimulation frequency and its harmonics (Herrmann, 2001). In general, the evoked amplitude at the stimulation frequency (first harmonic) is used for functional diagnostics (Heinrich, 2010). However, some studies reported the main response (highest amplitude value in the frequency domain) at the second harmonic. In the VEP-based acuity estimation using pattern-onset stimulations, the main response occurs occasionally at the second harmonic (Heinrich et al., 2016). Another example is the electrophysiological determination of the stray light perception (Solf et al., 2019b). Therefore, the compensation of a veiling luminance induced by a peripheral stray light source in a foveal imaged test field is used. In the study by Solf et al. (2019b), 5 out of 10 subjects showed the main response at the second harmonic. A possible explanation is the stimulus design consisting of peripheral and foveal stimulation.

The stimulus frequency affects the shape of the responses to single stimuli. If the responses to single stimuli overlap, signal components of the single responses may remain. Thus, the resulting signal of overlapped responses may contain signal components that differ from the stimulus frequency, leading to higher harmonics (Heinrich, 2010). An entrainment of neuronal oscillations (Notbohm et al., 2016; Salchow et al., 2016) as well as resonance effect in the range of the higher harmonic components of the stimulation frequency (Herrmann, 2001) could lead to an increase of the higher harmonic signal components. These effects are probably due to the non-linear behavior of neural oscillators (Norcia et al., 2015; Labecki et al., 2016).

The effect of the stimulation parameters on the harmonic components of ssVEPs was analyzed in some studies. For example, Johansson and Jakobsson (2000) found significant higher amplitudes at high temporal frequencies in normal subjects than in stereo-blind subjects. Gulbinaite et al. (2019) analyzed the effect of attention on the amplitudes of the harmonic components for stimulation frequencies within the range of 3–80 Hz and found an opposite effect of attention on the individual resonance frequencies in the alpha and gamma band.

The aim of our study was to analyze the influence of the stimulus design on the higher harmonic components of ssVEPs using the stimulus design of the electrophysiological stray light measurement. Therefore, the occurrence of the main response at the first or second harmonic is of particular interest. We want to investigate the impact of latency differences caused by eccentricity of the stimulus on the occurrence of the main response at the first or second harmonic. Furthermore, we consider the impact of the combination of foveal and peripheral stimulation resulting from the stimulus design.



MATERIALS AND METHODS


Subjects

A total of 22 healthy subjects (8 males, 14 females, mean age ± SD = 27 ± 4.8 years) with normal or corrected to normal vision participated in the study. The subjects have given written informed consent to publish these case details. The study was approved by the Ethics Committee of the Faculty of Medicine of the Friedrich Schiller University Jena and was conducted in compliance with the Declaration of Helsinki.



Stimulation

Stimulations were performed using a circular layout up to a radius of 18°, consisting of one circular stimulus and four ring-shaped stimuli. The dimensions of the stimuli were scaled according to the cortical magnification to activate nearly equivalent cortical areas in V1 (Levi and Klein, 1985; Horton and Hoyt, 1991; Baseler et al., 1994) resulting in the five stimulus eccentricities with the radii r1 = 0–1.6°, r2 = 1.6–3.5°, r3 = 3.5–6.4°, r4 = 6.4–10.9°, and r5 = 10.9–18° (Figure 1A).
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FIGURE 1. Stimuli for the two conditions of stray light suppression. (A) Stimulus design with a circular layout consisting of one circular stimulus (r1 = 0–1.6°) and four ring-shaped stimuli (r2 = 1.6–3.5°, r3 = 3.5–6.4°, r4 = 6.4–10.9°, and r5 = 10.9–18°). A background luminance of 30 cd/m2 is added to suppress foveal stray light effects, caused by the ring-shaped stimuli. (B) Stimulus design with the circular layout without foveal stray light suppression. The display had a background luminance of 0.5 cd/m2.


The stimuli had a luminance of 350 cd/m2 and a contrast of 99% (Michelson Contrast). A full-array LED-backlight liquid crystal display (LE-52F9BD, Samsung Corp., Seoul, South Korea) was used for the stimulation to ensure a homogenous illumination of the stimuli. The stimulation frequency was set to 7.5 Hz regarding the refresh rate of the display. The stimuli were respectively presented for one sweep of 85 stimulus periods for each of the five eccentricities in random order. The first and the last five periods of each sweep were excluded to reduce the engagement phase (Salchow et al., 2016). This was repeated 10 times (in total 50 sweeps) resulting in 750 periods per eccentricity (Figure 2). Binocular stimulations were performed for the following two different conditions of stray light suppression.
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FIGURE 2. Schematic of the temporal structure of the stimulation. For each of the two stray light suppression conditions, 10 cycles per condition were performed. The stimuli were respectively presented for one sweep of 85 stimulus periods for each of the five eccentricities (r1 = 0–1.6°; r2 = 1.6–3.5°; r3 = 3.5–6.4°; r4 = 6.4–10.9°; r5 = 10.9–18°) in random order. The first and the last five periods of each sweep were excluded to reduce the engagement phase, resulting in 750 periods in total per eccentricity.




Foveal Stray Light Suppression

Due to the bright ring-shaped stimuli, stray light, defined as a resulting equivalent veiling luminance (Cobb, 1911; Holladay, 1926; Stiles, 1929; van den Berg, 1995), has an impact on the evoked responses (Solf et al., 2019a). According to the young and healthy subjects and with respect to the applied stimulus dimensions, the resulting equivalent veiling luminance should be in a range of 2–3 cd/m2 (van den Berg, 1995). To suppress the foveal stray light effects, we added a background luminance of 30 cd/m2 (Figure 1A). Hence, the stimulation contrast of the foveal stimulation by equivalent veiling luminance is in the order of <5%.



Without Foveal Stray Light Suppression

Without stimulation, the used display had a luminance of 0.5 cd/m2 (Figure 1B). Therefore, the equivalent veiling luminance of 2–3 cd/m2 caused by the ring-shaped stimuli resulted in a foveal stimulation contrast of about 60–70%. Thus, the equivalent veiling luminance had a measurable impact on the recorded ssVEPs.



VEP Recording and Preprocessing

VEPs were recorded using Ag/AgCl ring electrodes with an electrode cap (EasyCap, EASYCAP GmbH, Herrsching, Germany) and an amplifier system (THERA PRAX, neuroCare Group GmbH, Munich, Germany) at a sample rate of 1024 Hz. The active electrode was placed at Oz, reference electrode at Fz, and ground at AFz according to the standard of the International Society for Clinical Electrophysiology of Vision (Odom et al., 2016). To synchronize the stimulation with the recorded data, we used a PIN photodiode placed in front of the stimulator, connected to the amplifier system. The recorded data were digitally bandpass filtered in forward and backward directions to avoid phase shifts with an infinite impulse response (IIR) Butterworth filter, with cut-off frequencies at 1 and 35 Hz to remove electrode drifts and signal distortions. The 10 sweeps for each eccentricity were separated and averaged using a rectangular window with a length of 2048 samples with no overlap. The averaged sweeps were transformed into the frequency domain using Fourier Transform (rectangular window) (Bach and Meigen, 1999).



Data Analysis and Statistics

The signal analysis was performed using MATLAB V9.6 (MathWorks Inc., Natick, United States). The amplitude ratio of the amplitudes at the second harmonic to the first harmonic was calculated. The significance of the amplitudes at the first and second harmonic was determined. The two neighboring amplitudes in the frequency domain were used as noise estimation. The significance level was set to α = 0.05 (Meigen and Bach, 1999). Due to multiple testing, the significance level was adjusted to a significance value of p∗ = 0.025, corresponding to a SNR of 3.50. The amplitude ratio was calculated only if the amplitudes were significant at the first and/or the second harmonic. Responses with no significant amplitude (p∗ > 0.025) at the first or second harmonic were not analyzed. Ratios larger than 1 indicate a transition of the main component from the first harmonic to the second harmonic.

For statistical analysis, the distribution of the amplitude ratios is analyzed using boxplots. To evaluate the transition of the main response, the probability of the occurrence of the main response at the second harmonic P(MCSH) is calculated according to the sample size of the significant responses.



RESULTS

The recorded VEPs of the 22 subjects are shown in Figure 3 for the stimulations with foveal stray light suppression and in Figure 4 for the stimulations without foveal stray light suppression. In each subplot, the amplitude spectra after Fourier Transform are plotted from 0 to 35 Hz for the five stimulus eccentricities (r1 = 0–1.6°; r2 = 1.6–3.5°; r3 = 3.5–6.4°; r4 = 6.4–10.9°; r5 = 10.9–18°). The curve progression of the amplitudes at the first and second harmonics for the five eccentricities is highlighted in red. The grand mean spectra of the recorded VEPs are shown in Figure 5.
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FIGURE 3. Recorded VEPs of the 22 subjects for the stimulations with foveal stray light suppression. The amplitude spectra after Fourier Transform are plotted from 0 to 35 Hz for the five stimulus eccentricities (r1 = 0–1.6°; r2 = 1.6–3.5°; r3 = 3.5–6.4°; r4 = 6.4–10.9°; r5 = 10.9–18°). The curve progression of the amplitudes at the first and second harmonics for the five eccentricities is highlighted in red. Most subjects show pronounced responses for the first and second harmonics of the stimulation frequency. The third harmonic is also partly pronounced but is not considered for further analysis. Additionally, the subjects S08, S10, S12, and S20 show alpha activity (at about 10 Hz).
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FIGURE 4. Recorded VEPs of the 22 subjects for the stimulations without foveal stray light suppression. The amplitude spectra after Fourier Transform are plotted from 0 to 35 Hz for the five stimulus eccentricities (r1 = 0–1.6°; r2 = 1.6–3.5°; r3 = 3.5–6.4°; r4 = 6.4–10.9°; r5 = 10.9–18°). The curve progression of the amplitudes at the first and second harmonics for the five eccentricities is highlighted in red. Most subjects show pronounced responses for the first and second harmonics of the stimulation frequency. The third harmonic is also partly pronounced but is not considered for further analysis. Additionally, the subjects S10, S12, and S20 show alpha activity (at about 10 Hz).



[image: image]

FIGURE 5. Grand mean spectra of the recorded VEPs of the 22 subjects for the stimulations with foveal stray light suppression and without foveal stray light suppression for the five stimulus eccentricities (r1 = 0–1.6°; r2 = 1.6–3.5°; r3 = 3.5–6.4°; r4 = 6.4–10.9°; r5 = 10.9–18°).


Most subjects show pronounced amplitudes at the first and second harmonics of the stimulation frequency for the stimulations with (Figure 3) and without foveal stray light suppression (Figure 4). The third harmonic is partly pronounced but is not considered for further analysis. The number of subjects with significant amplitudes at the first harmonic (7.5 Hz), second harmonic (15 Hz) and at first or second harmonic for the two conditions of stray light suppressions are shown in Table 1. The summary of the p-values of all subjects for the amplitude at the first and second harmonics is shown in Supplementary Tables 1, 2.


TABLE 1. Number of subjects with significant amplitudes at the first harmonic (7.5 Hz), second harmonic (15 Hz), and at first or second harmonic for stimulations with and without foveal stray light suppression.

[image: Table 1]
The amplitude ratios of the amplitude at the first and second harmonics are shown in Table 2 (with foveal stray light suppression) and in Table 3 (without foveal stray light suppression). Ratios >1 indicate a main response at the second harmonic. For stimulations with foveal stray light suppression, respectively, one subject showed the main response at the second harmonic for stimulations for stimulus eccentricity of r1 = 0–1.6° and r2 = 1.6–3.5°. For r3 = 3.5–6.4°, six subjects showed the main response at the second harmonic. Five subjects for r4 = 6.4–10.9° and six subjects for r5 = 10.9–18° showed the main response at the second harmonic. No amplitude ratios could be calculated for subject S22 for the stimulus eccentricity r1 = 0–1.6°; for subjects S06, S16, and S18 for r3 = 3.5–6.4°; for subjects S02, S06, S08, S10, and S17 for r4 = 6.4–10.9°; and for subjects S02 and S06 for r5 = 10.9–18° due to non-significant responses at the first and second harmonics.


TABLE 2. Amplitude ratios for stimulations with foveal stray light suppression.
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TABLE 3. Amplitude ratios for stimulations without foveal stray light suppression.
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For stimulations without foveal stray light suppression, two subjects showed the main response at the second harmonic for stimulations for stimulus eccentricity r1 = 0–1.6°. For r2 = 1.6–3.5°, one subject showed the main response at the second harmonic. Eleven subjects for r3 = 3.5–6.4° and twelve subjects for r4 = 6.4–10.9° showed main response at the second harmonic. For the stimulus eccentricity of r5 = 10.9–18°, 12 subjects had the main response at the second harmonic.

The distribution of the amplitude ratios is shown in Figure 6 in the form of boxplots. Medians are marked with a red line. The dash-dotted line marked the amplitude ratio 1. Amplitude ratios below 1 indicate a main response at the first harmonic, and a ratio above 1 indicates a main response at the second harmonic. The whiskers show the range of the data points to be within 1.5 times the interquartile range on the basis of the 75th percentile and 25th percentile, respectively. Outliers are defined as data points, larger and smaller than 1.5 times the interquartile distance on the basis of the 75th percentile and 25th percentile, respectively. For stimulations with foveal stray light suppression, the medians M at each eccentricity were <1 (M0–1.6° = 0.45, M1.6–3.5° = 0.45, M3.5–6.4° = 0.76, M6.4–10.9° = 0.72, and M10.9–18° = 0.48), indicating that the main response occurred at the stimulation frequency. For stimulations without foveal stray light suppression, the medians M0–1.6° = 0.29, M1.6–3.5° = 0.37, and M3.5–6.4° = 0.98 are <1 and for M6.4–10.9° = 1.08 and M10.9–18° = 1.24 > 1, indicating a transition of the main response from the first harmonic to the second harmonic.
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FIGURE 6. Distribution of the amplitude ratios for the stimulations with and without foveal stray light suppression. Medians are marked with a red line. The dash-dotted line marked the amplitude ratio 1. Amplitude ratios below 1 indicate a main response at the first harmonic, and a ratio above one indicates a main response at the second harmonic. For stimulations with foveal stray light suppression, the medians at all five eccentricities were below 1 (M0–1.6° = 0.45, M1.6–3.5° = 0.45, M3.5–6.4° = 0.76, M6.4–10.9° = 0.72, and M10.9–18° = 0.48). For stimulations without foveal stray light suppression, the medians M0–1.6° = 0.29, M1.6–3.5° = 0.37, and M3.5–6.4° = 0.98 were < 1 and M6.4–10.9° = 1.08 and M10.9–18° = 1.24 > 1, indicating a transition of the main response from the first harmonic to the second harmonic.


The analysis of the probability of occurrence of the main response at the second harmonic P(MCSH) as a function of stimulus eccentricity for stimulations with and without foveal stray light suppression is shown in Figure 7. At the stimulus eccentricities r1 = 0–1.6° and r2 = 1.6–3.5°, P(MCSH) with and without stray light suppression is nearly in the same range [with stray light suppression: P0–1.6°(MCSH) = 0.05, P1.6–3.5°(MCSH) = 0.05; without stray light suppression: P0–1.6°(MCSH) = 0.09, P1.6–3.5°(MCSH) = 0.05]. At stimulus eccentricity r3 = 3.5–6.4°, the P(MCSH) showed an abrupt increase for both types of stimulation, whereby the increase for stimulation without stray light suppression is stronger [P3.5–6.4°(MCSH) = 0.50] than that with stray light suppression [P3.5–6.4°(MCSH) = 0.32]. For eccentricities r4 = 6.4–10° and r5 = 10.9–18°, there is no noticeable increase in the probability of occurrence under either stimulation condition [with stray light suppression: P6.4 –10.9°(MCSH) = 0.29, P10.9–18°(MCSH) = 0.30; without stray light suppression: P6.4–10.9°(MCSH) = 0.55, P10.9–18°(MCSH) = 0.55].
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FIGURE 7. Probability of occurrence of the main response at the second harmonic P(MCSH) as a function of stimulus eccentricity. P(MCSH) increases abruptly for both stimulation conditions at stimulus eccentricity r3 = 3.5–6.4°. The sample size for the stimulations with foveal stray light suppression was 21 for r1 = 0–1.6°, 21 for r2 = 1.6–3.5°, 19 for r3 = 3.5–6.4°, 17 for r4 = 6.4–10.9°, and 20 for r5 = 10.9–18°. For the stimulations without foveal stray light suppression, the sample size for all eccentricities was 22.




DISCUSSION

The aim of this paper was to investigate the influence of stimulus design on the occurrence of the main response in ssVEPs. Two stimulus conditions were considered: first, stimulations with foveal stray light suppression and, second, stimulations without foveal stray light suppression. For analysis, the amplitude ratio of the amplitude of the frequency spectrum at the second harmonic to the first harmonic was calculated. The evaluation was based on the distribution of the amplitude ratio as well as the probability of occurrence of the main response at the second harmonic P(MCSH). The medians M showed no transition of the main response to the second harmonic for the stimulations with foveal stray light suppression. For stimulations without stray light suppression, a transition of the main response to the second harmonic could be observed for M3.5–6.4°, M6.4–10.9°, and M10.9–18°. A comparable situation was found for the probability P(MCSH). Stimulations without stray light suppression showed higher P(MCSH) compared to stimulations with foveal stray light suppression.

To achieve a comparable activated cortical area for stimulations at different stimulus eccentricity, the stimuli were scaled according to the cortical magnification. The frequency spectra of the 22 subjects show a significant difference for the amplitude values at first harmonic for the five stimulus eccentricities for stimulations with foveal stray light suppression (α = 0.05, after Bonferroni correction p∗ = 0.025, Friedman’s test: p = 0.000) and for stimulations without foveal stray light suppression (α = 0.05, after Bonferroni correction p∗ = 0.025, Friedman’s test: p = 0.002). One possible explanation for this is the calculation of the cortical area. The formula used to calculate the area contains empirically determined constants. There are many variants and adaptations to calculate the cortical magnification factor and the resulting cortical area (Rovamo and Virsu, 1979; Van Essen et al., 1984; Levi and Klein, 1985; Horton and Hoyt, 1991; Baseler et al., 1994; Slotnick et al., 2001; Duncan and Boynton, 2003). In addition, there is an intersubject variability due to the individual location and folding of the visual cortex (Stensaas et al., 1974; Hasnain et al., 1998; Heckenlively et al., 2006), which has an impact on the measured VEPs (Hood and Zhang, 2000; Vanegas et al., 2013). However, the influence of the variance of the amplitudes could be compensated by the normalization that ensued the calculation of the amplitude ratio.

A limitation of the study is due to the chosen stimulus design. For stimulations with foveal stray suppression, a background luminance of 30 cd/m2 was added to the stimulus. In the stimulations without stray light suppression, the background luminance was 0.5 cd/m2. The differences in background luminance may have had an effect on the adaptation states of the subjects.

Across all stimulations, an increase in the transition of the main response with increasing stimulus eccentricity was observed. The dependence of the amplitude ratio on stimulus eccentricity can be seen for stimulations with stray light suppression but no dominant transfer of the main response to the second harmonic occurred. However, a distinct increase with increasing stimulus eccentricity occurred for the stimulations without stray light suppression. At a stimulus eccentricity ≥r3 = 3.5–6.4°, about 50% of the subjects had a main response at the second harmonic. These results coincide with the study conducted by Solf et al. (2019b) using a comparable stimulus design with a peripheral stray light source (presented in the range of 5–10°). Fifty percentage of the tested persons also showed the main response at the second harmonic. For stimulations without stray light suppression, foveal stimulation by stray light occurred in addition to the peripheral stimulation. This leads to two possible effects. On the one hand, peripheral stimulations have shorter latencies in contrast to foveal stimulation (Yu and Brown, 1997; Kremláček et al., 2004). Furthermore, nasal presented stimuli have shorter latencies than temporal presented stimuli (Hood et al., 2000; Hood and Greenstein, 2003). On the other hand, brighter stimulations lead to a decrease in latency compared to darker stimulations. A saturation occurred from about 100 cd/m2 (Bach et al., 1985). In our stimulations, the stimuli had a luminance of 350 cd/m2. The resulting stray light had a luminance in the range of 2–3 cd/m2 which further increased the differences in latency. Assuming that latency differences result in signal components that cause second harmonic entrainment and resonance effects, this, in combination with the non-linearity of the visual system and the associated non-linear processing of the visual stimulations (Herrmann, 2001; Heinrich, 2010; Norcia et al., 2015; Labecki et al., 2016; Notbohm et al., 2016), may be an explanation for the weak increase in stimulations with stray light suppression as well as the stronger increase in stimulations without foveal stray light suppression. Investigating the dependence on stimulation contrast in foveal pattern-reversal stimulations, a slight increase of the amplitude ratio could be observed with increasing contrast. But, no transition of the main response to the second harmonic could be detected (Solf and Klee, 2019). However, as latency decreases with increasing stimulation contrast (Bobak et al., 1987; Jakobsson and Johansson, 1992; Tobimatsu et al., 1993; Kubová et al., 1995), this could also indicate the described effects.

As mentioned above, individual folding of the visual cortex had an impact on the recorded surface signals (Stensaas et al., 1974; Hasnain et al., 1998; Hood and Zhang, 2000; Heckenlively et al., 2006; Vanegas et al., 2013). The VEPs were recorded with an active electrode at Oz. Despite the standardization of the electrode position, the recorded VEP is evoked by the activities of different neuronal regions due to the individual shape and position of the visual cortex. Due to the intersubject neuroanatomical variability and the impact of the stimulus location (Clark et al., 1994), the response may not have been optimally covered by the electrode placement.

Looking at the distribution of the amplitudes as well as the P(MCSH), a clear increase between the eccentricities r2 = 1.6–3.5° and r3 = 3.5–6.4°can be seen. Based on an extension of the fovea of about 5–5.5° depending on the definition of the fovea (Atchison and Smith, 2000; Hendrickson, 2009), a dependence of the harmonic components on the stimulus design can be derived. In foveal stimulation, the expression of the main response is hardly present in the second harmonic and is probably due to the individual variability. In the extrafoveal stimulation, a decrease in latency in peripheral stimulation (with stray light suppression) and additional non-linear processing of foveal and peripheral stimuli (without stray light suppression) seem to have an influence.

Thus, it can be concluded that the stimulus design has an influence on the expression of the main response. An increase in the stimulation eccentricity during extrafoveal stimulations leads to an increased transition of the main response to the second harmonic. The effect is enhanced by a simultaneous foveal stray light stimulation.
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