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9 Abstract: The aim of this study was to examine brightness effect, which is the perceptual property
10 of visual stimuli, on brain responses obtained during visual processing of these stimuli. For this
11 purpose, brain responses of the brain to changes in brightness were explored comparatively using
12 different emotional images (pleasant, unpleasant and neutral) with different luminance levels.
13 Moreover, electroencephalography recordings from 12 different electrode sites of 31 healthy
14 participants were used. The power spectra obtained from the analysis of the recordings using short
15 time Fourier transform were analyzed, and a statistical analysis was performed on features extracted
16 from these power spectra. Statistical findings obtained from electrophysiological data were
17 compared with those obtained from behavioral data. The results showed that the brightness of
18 visual stimuli affected the power of brain responses depending on frequency, time and location.
19 According to the statistically verified findings, the distinctive effect of brightness occurred in the
20 parietal and occipital regions for all the three types of stimuli. Accordingly, the increase in the
21 brightness of pleasant and neutral images increased the average power of responses in the parietal
22 and occipital regions whereas the increase in the brightness of unpleasant images decreased the
23 average power of responses in these regions. However, the increase in brightness for all the three
24 types of stimuli reduced the average power of frontal and central region responses (except for 100-
25 300 ms time window for unpleasant stimuli). The statistical results obtained for unpleasant images
26 were found to be in accordance with the behavioral data. The results also revealed that the
27 brightness of visual stimuli could be represented by changing the activity power of the brain cortex.
28 The main contribution of this research was to comprehensively examine brightness effect on brain
29 activity for images with different emotional content and different frequency bands at different time
30 windows of visual processing for different brain regions. The findings emphasized that the
31 brightness of visual stimuli should be viewed as an important parameter in studies using emotional
32 image techniques such as image classification, emotion evaluation and neuro-marketing.
33 Keywords: EEG; luminance; brightness; IAPS; STFT; feature extraction; visual processing; emotion.
34

35  1.Introduction

36 Visual processing is a complex network that requires the effectiveness of multiple frequencies at
37  different time windows and the parallel activity of different brain regions. In this complex network
38  many electrical activities occurs in our brain. Many researchers have shown great interest to
39  investigate the nature of these activities, how they are formed and by which parameters (emotional
40  content, color, spatial frequency, saturation, hue and brightness, etc.) they are affected. In many
41  studies on this subject, the effect of the emotional content of visual scenes was investigated on brain
42 activity during visual processing [1-9]. In these studies, images in the International Emotional Image
43  System database [10] with different emotional contents (pleasant, unpleasant and neutral) were
44 widely used. The International Affective Picture System (IAPS) database contains standardized
45  emotional images for use in experiments. These images are standardized according to the parameters
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46  of arousal, emotional valence and dominance. For this reason, they are often used in experimental
47  psychology research, especially for investigation of emotional processes.

48 Many studies investigating the effects of the emotional content of IAPS scenes on brain activity
49  have focused on event related potential (ERP) responses observed in electroencephalography (EEG).
50  The common finding in most of these studies is that the brain responds differently to unpleasant or
51 pleasant stimuli than to neutral stimuli [11-16]. However, in some IAPS studies, different effects of
52 valence and arousal on electrical activity have been reported [1, 17-20]. It has been noted that valence
53  modulates ERP components in an early time period (before 200 ms) whereas arousal often modulates
54 in a later time period (after 250 ms) [20-22]. In addition, in many studies, different effects of IAPS
55  images in different frequency bands have been mentioned [11, 23-25].

56 When these and similar studies in the literature are examined, it is realized that the emotional
57  content of visual stimuli modulates brain activity during visual processing. This effect has been
58  observed in various frequency bands and brain regions in the early and late time period. However,
59  the luminance values of the images in the IAPS database differ from one to another and it is not
60  known how this difference in luminance affects brain responses during visual processing. We
61  consider that brightness, which is suggested to be one of the most important sources of perceptual
62  processing [26] may have a strong effect on brain activity during visual processing. Apart from the
63  content of visual stimuli, the brightness of visual stimuli may also have the potential to influence
64  neural activity.

65 In many studies, brightness effect was evaluated on visual processing with different types of
66  stimuli and different perspectives [27-34]. For instance, in a study, in which unilaterally flashed bar
67  stimuli were used, the stimulus luminance was reported to have a higher ERP amplitude in the
68  regions of the posterior N95 (80-110 ms), the occipital Pl (110-140 ms) and the parietal NI (130-180
69  ms) [28]. In a study without EEG and with use of the pleasure-arousal-dominance emotion model,
70  saturation and brightness were declared to have strong and consistent effects on emotions [30]. In
71 another study without EEG, behavioral analyses were performed, the brightness levels of IAPS
72 images were found to be correlated with the valence degrees of the images. In the study, it was
73 specified that dark IAPS images were evaluated more negatively, while bright IAPS images were
74 evaluated more positively [35]. These and similar studies have demonstrated clear evidence that the
75  brightness of stimuli has an impact on both behavioral data and as well as visual and emotional
76 processes. Therefore, it is important to investigate whether brightness modulates brain oscillations in
77  response to emotional visual stimuli and how this occurs.

78 In a few recent studies, the luminance values of visual stimuli have been kept constant at a
79  certain value to avoid possible brightness [36-43]. However, it is not clear whether the brightness of
80  visual stimuli influences brain activity in response to these stimuli and if whether there is any
81  interaction between them. Possible brightness may affect our brain activity during visual processing
82  and may direct our perceptions or cognitive processes.

83 A group of authors in a study investigated the brightness effect of neutral and erotic IAPS images
84  on only two components (N2 and EPN). In their study, they reported that original erotic scenes
85  exhibited greater N1 amplitude than bright scenes [36]. In our specific study on the subject, we
86  investigated brightness effect only for the delta frequency band. We found that bright unpleasant
87  images elicited lower delta response compared to original unpleasant images [44]. However, the
88  effect of the brightness of stimuli on visual processing needs to be examined in more detail and
89  multidimensionally. Specific stimulus types have been used in the relevant brain studies, and the
90  brightness effect has been investigated for specific ERP components and specific frequency bands. In
91  the literature, there is no integrative study investigating the effect of brightness of emotional images
92  with different content on electrophysiological responses in terms of time, frequency and location.
93 A possible interaction between the brightness of visual stimuli and neural activity can lead to
94  misinterpretation of sensory and cognitive processes (perception, decision making, selective
95  attention, communication with memory, etc.), depending on the type of effect and the time and
96  frequency range at which it occurs. This situation reveals the necessity of controlling the brightness


https://doi.org/10.20944/preprints201908.0228.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 August 2019 d0i:10.20944/preprints201908.0228.v1

30f29

97  of the stimuli in studies using emotion classification, emotion evaluation, neuro-marketing and brain-

98  computer interface.

99 The aim of this study was to investigate the brightness effect of pleasant, unpleasant and neutral
100  IAPS images on electrophysiological responses during visual processing. For this purpose, power
101  spectrograms of electrophysiological responses obtained upon the presentation of original and bright
102  versions of pleasant, unpleasant and neutral IAPS images were obtained using short time Fourier
103  transform (STFT). Then, the features extracted from these power spectrograms were compared
104  statistically between the original and bright groups for three different emotional contents. After
105  comparison, frequency bands, time windows and locations where brightness effect was observed
106  were determined. In addition to all analyses, the behavioral data obtained for all the IAPS images
107  (both the original and bright versions) from each individual participating in the study were
108  statistically evaluated. Thus, brightness effect was investigated in parallel on both
109  electrophysiological and behavioral responses.

110 Our hypotheses were as follows;

111 1- During visual processing, electrophysiological responses can be affected by the brightness of
112  stimuli;

113 2- The brightness of different emotional stimuli (pleasant, unpleasant, and neutral) cause

114 different effects on brain activity;

115 3- All these effects vary according to time window, frequency band and brain region, in which
116  electrophysiological responses occur, and these changes can be examined by power spectrograms of
117  electrophysiological responses.

118 By evaluation of these hypotheses, the effect of the brightness of stimuli will be determined on
119  visual processing with respect to time, frequency and location. In this way, we can provide
120  researchers with information about parameters to be considered in studies using visual stimuli
121  (visual processing, emotional image classification, emotion evaluation, brain-computer interfaces,
122  neuro-marketing, etc.). The results of the study will add to the previous literature on brain dynamics
123 underlying visual processing and parameters that affect these dynamics.

124 2. Materials and Methods

125
126  2.1. Participants
127 Thirty-one healthy participants (17 females and 14 males) participated in the study. The average

128  age of the participants was 27.33 + 7.03. The participants were volunteers who did not have any
129  psychiatric or neurological disorders or skin diseases, did not use medications that affect the nervous
130  system, and had a score of 17 or lower on the Beck depression scale, which is an inventory consisting
131 of 21 items on the emotional, cognitive, and motivational states of depression.

132 All participants gave their informed consent for inclusion before they participated in the study.
133 This study was conducted after the approval of the Ethics Committee of Istanbul Arel University by
134  decision no 10432314-200.00.00-18.

135
136  2.2. Stimuli
137 Thirty color images, consisting of 10 unpleasant images (wild animals, cut limbs, etc.), 10

138  pleasant images (babies, cute animals, etc.) and 10 neutral images (human faces, household goods,
139  etc.), were used in the study. All the images were obtained from the IAPS database. This database is
140  frequently used in emotion processing studies using visual stimuli. By changing the brightness level
141  of each image, two different image groups with low and high luminance values were obtained
142  (original images and bright images). For this purpose, firstly, the average power of each image was
143 calculated and multiplied by an appropriate positive constant (constant > 1) to increase the brightness
144 of the image. During this process, the intensity values were normalized before the images were saved
145  asjpeg files to avoid saturation. Afterwards, the band limited contrast value (C) was calculated for
146  each image and kept constant [45, 46].

147
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148
C(u,v) = 2A(u,v)/dc (1)

149 A(u,v) is the Fourier transform amplitude of the image, u and v are the horizontal-vertical spatial
150  frequency coordinates and dc is the zero frequency component. The luminance values of both sets of
151  images were measured with the 'Delta OHM HD 2302.0 Luminance Meter'. The code numbers and
152  luminance values of the original and bright image groups are shown in Table 1.
153
154 Table 1. The code numbers, luminance values and increased luminance values of the pleasant,

d0i:10.20944/preprints201908.0228.v1

155  unpleasant and neutral images.

Emotional Image Luminance \(a_lues of Increased Luminance
Content Code I mages (original- _\/alu_es of Images
=t Number  images) cd/m?  (bright-images) cd/m?

Pleasant 1460 24.2 50.4
1500 16.9 34.4
1710 45.0 93.5
1722 26.7 55.7
1750 30.3 61.6
2058 495 99.4
2080 435 88.9
2165 40.6 84.4
2332 22.9 47.0
2340 25.0 51.3

(mean =SD) 32.5+10.6 66.7 £21.6
Unpleasant 1052 36.2 74.1
1114 25.8 52.0
1274 25.5 52.8
1930 20.5 41.2
1932 24.6 50.3
2205 43.8 88.5
2352 54.2 111.2
3400 30.3 61.2
6350 38.5 77.6
6550 25.1 51.8

(mean =SD) 32.5+10.0 66.1 +20.5
Neutral 2190 17.6 35.3
2210 30.7 64.4
2214 55.7 115.9
2480 17.2 344
2495 26.0 54.4
7010 25.6 51.2
7020 53.8 111.7
7030 37.4 76.6
7041 28.5 59.1
7080 315 73.5

(mean =SD) 32.4+12.6 67.7 £26.6

156
157
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158 The one-way ANOVA test was used to compare the luminance level of the original and bright
159  versions of emotional images. According to the one-way ANOVA test results, there was no difference
160  between the luminance values of the pleasant, unpleasant and neutral images with the same
161  brightness level (F(2,29)=0.00, p=1.00 and F(2,29)=0.01, p=0.98, respectively). The mean and SD values
162  of all the stimuli are shown in Table 1.

163
164  2.3. Experimental Design
165 In this study, an experiment was designed for all the participants using two image groups

166  (original and bright image groups), which included pleasant, unpleasant and neutral image. For the
167  experiment, all the participants were seated 1 meter (m) away from a 19-inch computer screen with
168  a refresh rate of 60 Hz in a dark room. The distance between the screen and the eyes of the subjects
169  was set to 1 m, since the luminance was measured by placing the light meter 1 m away from the
170  computer screen. IAPS images were displayed on the screen in a random sequence. The block design
171 (10 unpleasant images x 4 loops, 10 pleasant images x 4 loops, 10 neutral images x 4 loops) was used
172 during this process [43]. In each experiment, order of the presentation of stimuli was counterbalanced
173 across the subjects. All the images were displayed for 1000 ms with the stimulus interval of 3-7 s. This
174 process was carried out for both the bright and original images. During the process, EEG recordings
175  were taken from all the participants.

176
177  2.4. Electroencephalography (EEG) Recordings
178 The EEG recordings were obtained in the Psychophysiology Laboratory of Istanbul Arel

179  University. The laboratory environment was isolated using Faraday cages. In the study, the EEG
180 recordings were obtained from 12 different electrode sites (Fs, Fz, Fs, C3, Cz, Cs, P3, Pz, P4, O1, O: and
181  O) from the subjects. The electrodes were placed on an EASYCAP according to the international 10-
182 20 system. Earlobe electrodes (A1and A:) were used as a reference. In addition, electrooculogram
183  (EOQG) signals were recorded from the right eye, medial upper and lateral orbital rim. Ag/AgCl
184  electrodes were used for the EOG recordings and reference electrodes. All electrode impedances were
185  selected to be less than 10 kQ. The EEG recordings were enhanced by a BrainAmp 32-channel DC
186  amplifier with a band limit of 0.01-250 Hz. The sampling frequency was 500 Hz. In the pleasant,
187  unpleasant and neutral stimulus conditions, sweep numbers were randomly equalized. By reviewing
188  the EOG recordings, epochs with eye movements or blink artifacts were cleaned offline.

189
190  2.5. Behavioral Data
191 The IAPS contains the subjective rating of emotional valence and arousal with the use of a rating

192 scale, the Self-Assessment-Manikin [10]. At the end of the experiment, the scale was applied to each
193  subject to test the subjective rating of the emotional valence (pleasant/ unpleasant/ neutral) and
194  arousal (aroused/ relaxed) value of the images in the original and bright groups [47][48]. By showing
195  each image again to each person, all the images were evaluated for valence (pleasant/ unpleasant/
196  neutral) and arousal (aroused/ relaxed) dimensions with a nine-point scale. The brightness rating was
197  also assessed by asking which of the two images was brighter. All the subjects answered all the
198  evaluation questions correctly.

199
200  2.6. Pre-Processing of Electroencephalography (EEG) Data
201 The EEG recordings were divided into sub-data sets according to the content of the images in

202  the bright and original groups used during the experiment (ORIGINALpteasint, ORIGINALunpieasant,
203  ORIGINALueutra, BRIGH Tpieasant, BRIGH Tunpteasant and BRIGH Treutra). Each sub-data set contained EEG
204  recordings from 12 channels of 31 subjects and consisted of 1500 ms epochs, which were 500 ms before
205  the visual stimulus onset and 1000 ms after the visual stimulus onset. Fifth-order notch and median
206 filters were used to clean the 50 Hz network noise and other noises. The EEG recordings were highly
207  noisy, in which many amplitude differences were observed between the subjects. With
208 normalization, data from different scales can be converted to the same scale. Thus, all data become
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209  comparable on the same scale. In this study, the Min-Max normalization method [47] was used in (2).
210  All the EEG epochs were scaled in the range of [-1 1] with this procedure.

211
ynZZ*(M)_l )
Yimax = Yinin
212
213 where Y denotes the original EEG epoch, Y,,,;;, is the minimum valuein Y, Y, isthe maximum
214 valuein Y and Y, is the normalized epoch.
215
216  2.7. Electroencephalography (EEG) Data Analysis
217 Time-amplitude and time-frequency analyses of the EEG recordings were performed in each

218 sub-data set. In these evaluations, time windows, in which brightness effect was observed, were
219  determined and features were extracted for the time windows.

220
221 2.7.1. Time-Amplitude Analysis and Time Window Selection
222 Time-Amplitude analyses of the EEG recordings were performed for each sub-data set. The

223  purpose of these analyses was to observe the amplitude of brain responses upon the presentation of
224 the images and examine how these responses would change between the original and bright groups.
225  For this purpose, the average amplitude of all the EEG epochs belonging to the 31 subjects in each
226  sub-data set was calculated for each channel as in (3) and is shown in Fig. 2 in the results section for
227  both the original and bright groups.

228
N
1
Xaa= N Z Ynk 3)
k=1

229

VVapz (Xnaa)z 4)
230
231 where X,,, denotes the average amplitude of any channel for the related emotional condition,

232 N is the total number of epochs of the 31 subjects and W,, is the average power of any channel for
233  the related emotional condition.

234
235 Time window selection
236 After the average amplitude analysis of the EEG recordings, we attempted to determine time

237  windows and channels, where changes in the power of brain responses were observed with
238  brightness effect. For this purpose, we first calculated the average power of the EEG recordings for
239  all the sub-data sets by using (4). Then, for each emotional condition, average power differences
240  between the original and bright groups were calculated for 12 channels in the 0-1000 ms time window
241  after the stimulus onset, as shown in Fig. 3. By using Fig. 3, time windows where brightness
242 influenced the power of brain responses were determined as Ti, T2, Ts, T4, Tsand Te.

243
244 2.7.2. Time-Frequency Analysis and Feature Extraction
245 Time-frequency analysis methods are widely used in the investigation of EEG signals. With

246  these methods, we can observe the frequency content of the signal at each time point of signal. In this
247  study, the STFT was used as the time-frequency analysis method.

248
249 Short time Fourier transform (STFT) method
250 STFT is defined as (5) and is described as the discrete time Fourier transform evaluated on a

251  moving window. The STFT power spectrogram is defined as (6), where n is the discrete-time index,
252  y(k) is an input signal, and w(n — k) is a real-valued window function which describes the part of
253  y(n) used in the calculation of Y (n,w) [49,50].
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254
Y(n,w) = Z y(K)w(n — k)e "k 5)
k=—c
Sy(m,w) = Y (n,w)|? 6)
255
256 Various window functions are available in STFT. We compared the performances of different

257  window functions to find the most suitable one for the study. Since we did not fully know the nature
258  of EEG signals and we intended to use the softening window, the Hanning window was preferred as
259  the window for the study. The Hanning window reduces spectral leakage. Moreover, it has a wide
260  peak and narrow side lobes. The choice of the window size is important in STFT for the desired time
261  and frequency resolution. We were interested in the frequency range of 0.5-70 Hz in the study and
262  thus the appropriate window size was chosen as 128 sample lengths. The overlapping of the window
263  was set to (window size - 1).

264 In the present study, brightness effect of visual stimuli was evaluated on the power of brain
265  signals for different frequency bands. To this end, the average EEG power spectrogram of all the
266  epochs belonging to the 31 subjects in each sub-data set was obtained separately for 12 channels using
267  (6). These spectrograms showed the distribution of the power of the EEG recordings in the time-
268  frequency plane. When the average EEG power spectrograms were examined for the specified time
269  windows, differences were observed between the average power spectrograms of the original and
270  bright groups on the specific frequency and channels. To determine the frequency bands where these
271  differences were observed in each channel, the average EEG power spectrograms of the bright groups
272  were subtracted from the average EEG power spectrograms of the original groups. The difference of
273  the average EEG power spectrograms for each channel was shown in the time-frequency plane (Fig.
274  4). Frequency bands, in which brightness affected the power of brain responses, were examined
275  through these spectrogram differences.

276
277 Feature extraction
278 In EEG studies, it is important to extract features that reflect the frequency, time and spatial

279  characteristics of the signal. These features represent EEG signals. After observing brightness effect
280  in the time and frequency plane analyses of the EEG recordings, in order to evaluate whether this
281  effect was statistically significant, features were extracted from the average EEG power spectrograms
282  and tested statistically. For this purpose, the power spectrogram of the average of all the EEG epochs
283  in a single channel for each of the 31 subjects was obtained for 12 channels separately. The
284  spectrograms were separated into predetermined time windows (T1, Tz, T3, Ts and Ts) and frequency
285  bands (delta, theta, alpha, beta and gamma). The average power values per frequency and time were
286  extracted at each frequency band for each of the defined time windows as features. These features
287 were obtained for all the sub-data sets: PoriciNaLpieasant, PORIGINALunpleasant, PORIGINALneutral, PBRIGHTpleasant,
288  Psricutunpieasant, PoricrTnenral. The average power values were assessed in decibel (dB) units obtained with

289  the log power transformation (10 * logw(Sy)). Each feature size was 31x12 (subjects x channels).

290  Feature extraction steps are shown as the flowchart in Fig. 1. Then, the features were compared
291  between the original and bright groups using statistical methods. Our goal here was to compare the
292  average power values per frequency and time between the original and bright data groups and
293  understand how brightness would change the power of responses. Moreover, channels, time and
294  frequency ranges in which these changes were effective were also determined statistically.
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EEG Recordings
iukl(.‘L\'Al.,- ORIGINALwpisasans| |ORIGINAL newrai | BRIGHTpiecsone || BRIGH Tunpleasant || BRIGHTneutral
Filtering
Normalization
Average of EEG epochs
(The average of all EEG epochs in a single channel for each of
the 31 subject was obtained for 12 channels separately)
Calculating the average EEG power
spectogram with STFT
Feature extraction
( The average power values per frequency and time were extracted at each frequency bands for each of the
defined time ranges (T1, T2, T3, T4 and TS5) separately as features)
~ ; \

PoRrIGINALpleasant | | PORIGINALwnpleasans| | PoriGINALReutra PsriGHTpleasans PsriGHTunpleasane | | PBRIGHnewsral

Note: These feanes were obtained for each

frequency band at each of the defined tme

ranges separateh
296 Figure 1. The flowchart of feature extraction.
298  2.8. Statistical Analysis
299 All statistical analyses were calculated using SPSS. The first statistical analysis was performed

300  for EEG recordings. The repeated measures of ANOVA were performed to observe differences
301  between the factors in the whole topology for features obtained from 12 channels of the 31 subjects.
302  The repeated measures of ANOVA included the within-subject factors as locations (frontal, central,
303  parietal, occipital, 4) x saggital (right, central, left, 3) and the between-subject factor as status (original,
304  bright, 2). Mauchly’ s test evaluated the sphericity assumption when necessary. Greenhouse-Geisser
305  corrected p-values were reported. Differences in-group means were tested using independent
306  samples t-tests with the Bonferroni test. The significance level was set to p< 0.05 for all comparisons.
307  For each emotional condition, all the statistical analyses were repeated for features obtained from
308  different time windows (T1, T2, Ts, T4 and Ts) of each frequency band (delta, theta, alpha, beta and
309  gamma).

310 The second statistical analysis was performed for behavioral data. The result of valence and
311  arousal SAM-ratings for the bright and original emotional images were compared usingthe one-way
312  ANOVA test, status (original, bright, 2) x emotional conditions (pleasant, unpleasant, neutral, 3).
313  Moreover, a t-test was used for post hoc comparison.

314  3.Results

315 In the following sub-sections, EEG data analysis results, statistical analysis results, and
316  topological representation of results on scalp are presented.

317  3.1. Results of Time-Amplitude Analysis of Electroencephalography (EEG) Data

318 In Fig. 2, the first and second rows show the average amplitude graphs of all the EEG epochs
319  belonging to the 31 subjects for each channel in the original and bright groups, respectively. In each
320  graph, the vertical axis shows the average amplitude values and the horizontal axis shows time (ms).
321  The vertical red line in each graph indicates the onset of the visual stimulus. The pink, cyan and
322  black curves in the graphs represent brain responses from 12 channels obtained upon the
323  presentation of the pleasant, unpleasant and neutral stimuli, respectively. As observed in the graphs,
324  a marked increase was observed in brain activity after the stimulus compared to the pre-stimulus
325  brain activity and was clearly reflected on the EEG. By comparing the amplitudes of responses in the
326  brain after the presentation of visual stimuli between the original and bright groups for all three
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327  types of stimuli, noticeable amplitude differences is observed at the same periods of time for the both
328  groups. This observation indicated that the brightness of visual stimuli was effective on the
329  amplitude of brain responses. Therefore, this effect was reflected in the power of these responses.

Average EEG Amplitude Graphs for Original Data
> T >

Average Ampitude (V)

330

331  Figure 2. The average amplitude graphs of all the EEG epochs belonging to the 31 subjects for each
332  channel in the original and bright groups; a) the average amplitude graphs of 12 channels for
333 ORIGINALpteasant, ORIGINALunpteasant and ORIGINALneutrat ; b) the average amplitude graphs of 12
334  channels for BRIGH Tpieasant, BRIGH Tunpicasant anid BRIGH Treutrat.

335 The average power differences between the original and bright groups were created to
336  determine time windows, in which brightness effect of emotional visual stimuli would be observed
337 on brain responses. In Fig. 3, the first, second and third rows show the average power differences for
338  the pleasant, unpleasant and neutral conditions from 12 channels, respectively. In each graph, the
339  vertical axis shows channels (top to bottom respectively: Fs, F, Fs, Cs, Cz, C4, Ps, P, P1, O1, Oz and O2)
340 and the horizontal axis shows time (1000 ms after the visual stimulus). The color scale, which
341  expresses the difference of the average power values of the original and bright groups, appears on
342  the right side of the figure.

343 It is evident that Fig. 3 offers the average power difference of the EEG recordings to be
344 considered between the original and bright groups in specific time windows for each emotional
345  condition. The areas where intense colors are observed in the graphs indicate channels and time
346  windows, where brightness effect is apparent. According to Fig. 3, with the increase in the brightness
347  of visual stimuli, the average power of brain responses decreased in the light colored areas but,
348 increased in the dark colored areas. Time windows, in which brightness effect was observed
349  intensely in the graphs, were determined as Ti= 100-200 ms, T>= 200-300 ms, Ts= 300-400 ms, Ts= 400-
350 500 ms, Ts= 500-600 ms and Te= 600-700 ms. The time windows were obtained from the average
351  values of the 31 subjects. In the following sections, it was statistically analyzed whether brightness
352  was effective at these time windows for each person. The average power difference of the EEG
353  recordings showed that in the early and late time windows of visual processing, brightness had
354  different effects for different emotional states.
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The average power differonce between ORIGINAL and BRIGHT groups for pleasant visual stimuli

355

356  Figure 3. The average power differences between the original and bright groups for 12 channels in
357  the 0-1000 ms time window after the visual stimulus onset; a) the average power differences between
358  the original and bright groups for the the pleasant visual stimuli; b) the average power differences
359  between the original and bright groups for the unpleasant visual stimuli; c) the average power
360  differences between the original and bright groups for the neutral visual stimuli.

361  3.2. Results of Time-Frequency Analysis of Electroencephalography (EEG) Data

362 In Fig. 4, the difference of the average power spectrograms between the original and bright
363  groups was shown on the time-frequency plane for 12-channels for the pleasant, unpleasant and
364  neutral conditions. In each spectrogram, the vertical axis shows frequency (0-70 Hz) and the
365  horizontal axis shows time (Ti-Ts). The color scale, which expresses the difference values of the
366  average power spectrograms belonging to original and bright groups, appears on the right side of
367  the figures. Changes of brightness of visual stimuli affected the power of brain oscillation responses.
368  Therefore, power differences were observed between the average power spectrograms of the original
369  and bright groups. Areas where intense color differences were observed in the power difference
370 spectrograms indicate time, frequency and channels where brightness effect is apparent. It is clearly
371  shown in Fig. 4 that the responses of the brain to the change of brightness of visual stimuli change
372  multidimensionally according to frequency band, time window, channel and emotional condition.
373 At the end of the time-frequency analyses, frequency bands, in which the brightness effect of visual
374 stimuli was investigated on brain responses, were determined as delta, theta, alpha, beta and
375  gamma. In order to evaluate whether these findings were statistically significant, statistical analysis
376  was performed on features extracted from each individual's average EEG power spectrogram.
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377

378  Fig. 4. The difference between the average EEG power spectrograms of the original and bright
379 groups for 12 channels (Fs, Fz, Fs, C3, C, Cy, P3, P2, P4, O1, O, and O2) in the time-frequency plane; a)
380  the difference between the average EEG power spectrograms in the neutral visual stimuli; b) the
381  difference between the average EEG power spectrograms in the unpleasant visual stimuli; ¢) the
382  difference between the average EEG power spectrograms in the pleasant visual stimuli.

383 In power analyses performed as pre-evaluation, during visual processing, it was observed that
384  the brightness of visual stimuli changed the power of the average brain responses of the 31
385  participants at certain time, frequency and electrode points. In the next section, it was statistically
386  tested whether this observation was significant using features obtained from the EEG power
387  spectrograms of each participant.

388  3.3. Statistical Analysis Results

389 The features obtained for the pleasant, unpleasant and neutral visual stimuli were compared
390  statistically between the original and bright groups for different time windows, frequency bands and
391  channels, and significant results are shown in Tables 2-4.

392 The repeated measures of ANOVA revealed significant results for only the location x status effect
393  between the original and bright status of the pleasant, unpleasant and neutral emotional stimuli in
394  different bands and time windows. In other words, statistically significant effects of brightness were
395  observed on location.

396 3.3.1.  Statistical Analysis Results for Pleasant Stimuli

397 For delta band, there was no significant result for unpleasant stimuli. For theta band, in T2 (200-
398 300 ms), T5(500-600 ms) and T6 (600-700 ms) time windows, respectively (F(2.54,152.31)=4.25, p=0.01,
399  F(2.30,137.85)=3.27, p=0.03 and F(2.30,137.85)=3.27, p=0.03), for alpha band, in T2 (200-300 ms),
400  T5(500-600 ms) and T6 (600-700 ms) time windows, respectively (F(2.11,126.75)=3.58, p=0.02,
401  F(2.27,136.16)=3.32, p=0.03 and F(2.27,136.16)=3.32, p=0.03), for beta band, in T2 (200-300 ms), T3(300-
402 400 ms), T4(400-500 ms), T5(500-600 ms) and T6 (600-700 ms) time windows, respectively
403  (F(2.61,156.60)=7.52,  p=0.00,  F(2.50,149.99)=7.70,  p=0.00,  F(2.27,136.25)=6.63,  p=0.00,
404  F(2.30,137.74)=4.41, p=0.01 and F(2.30,137.74)=4.41, p=0.01) and for gamma band, in T1 (100-200 ms),
405 T2 (200-300 ms), T3(300-400 ms), T4(400-500 ms), T5(500-600 ms) and T6 (600-700 ms) time
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406 windows, respectively (F(2.54,152.46)=8.84, p=0.00, F(2.41,146.66)=8.76, p=0.00, F(2.29,137.18)=7.22,
407 p=0.00, F(2.27,136.50)=6.73, p=0.00, F(2.36,141.77)=10.24, p=0.00 and F(2.36,141.77)=10.24, p=0.00),
408  significant results were observed.

409 The independent t-test was performed to compare the means of features and determine electrode
410  sites where significant differences were observed. The electrode sites, group means and
411  corresponding statistical analysis values, in which significant differences were observed for the

412  specified time windows and frequency bands, are summarized in Table 2.
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Table 2. The summary of the time windows (T1, T2, T3, Ts, Tsand Te), frequency bands (delta, theta, alpha, beta and gamma) and electrode
sites, where statistically significant differences (p-value <0.05) in the average log powers were observed between the original and bright
groups as features, for pleasant stimuli according to the independent f-test results; The statistical parameters, group mean
(mean,,igina, meany,4,) and standard deviation (std,yigina Stdyrign:) Of features belonging to the 31 subjects for the original and bright groups.

Electrode Site: mean ,iginai(Stdorigina), MmeaNyign, (Stdprign:) . p-value
T1 (100-200 ms) T2 (200-300 ms) T3 (300-400 ms) T4 (400-500 ms) T5 (500-600 ms) T6 (600-700 ms)
. ~ ~ ~ ~ ~ ~
8
(a]
- For 18.29(2.63), 15.45(2.74), .00 - ~ Co: 16.98(3.53), 13.88(3.74), .00 |Cs: 16.98(3 52), 13.88(3.74), .00
g F,: 19.10(3.43), 16.51(3.69), .01 C.: 16.66(4.74), 13.73(3.68), .01 |C.: 16.66(4.74), 13.73(3.68), .01
2 Cy: 17.37(3.56), 15.30(2.57), .01
C.: 19.22(3.00), 16.603.20), .00
- o 14.26(4.30), 11.56(3.03), .01 - - Cy 11.19(2.40), 8.51(5.36), .03 |Cy: 11.19(4.40), 8.52(5.36), 03
g P, 10.71(5.18), 13.48(4.78), .03 C.: 10.89(4.24), 8.23(3.66), 01 |C,: 10.89(4.24), 8.23(3.66), .01
<
- F.- 4.37(4.03), 2.36 (3.25), 03 |Fs: 3.79(4.28), 0.27(3.57), 00 |Fs: -3.87(3.53), L66(3.84), 02 |Fs: 3.75(3.73), 0.58(4.65), 01 |Fs: 3.75(3.73), 0.58(4.65), .00
Co: 5.43(4.29), 2.21(3.13), 00 |F,: 352(3551), 1.32(3.93), .02  |F»: 3.33(3.05), 111(3.66), .01  |F»: 3.17(3.88), 0.57(3.56), 01  |F»: 3.17(3.88), 0.57(3.56), .01
C.: 4.27(382), 1.72(1.82), 00  |Fu: 454(3.22),2.084.27), 01 |Fu: 3.66(3.67), 1.76(3.35),.03  |Cs: 5.81(4.20), 0.93(4.55), .00  |Ca: 3.81(4.20), 0.93(4.55), .00
g O;: 0.39(3.49), 2.54(3.40), .02 Cs: 5.03(4.00), 1.98(3.31), .00 Cs: 4.94(3.95), 1.75(4.01),.00 C2: 3.76(3.43), 0.90(2.88), .00 C2: 3.76(3.43), 0.90(2.88), .00
@ C.: 3.54(3.67), 1.45(2.51), 00  |Cy: 3.47(3.82), 1.50(2.98), 03
01: -0.29(3.32), 1.72(3.41), .01
Fa 437(4.07), 7.84(286), 00 |Fa: ~4.19(3.73), -75(3.59), 00 [Fo: -2.22(3.68), -7.23(353), .00 |Fa: -4.33(3.75), -7.98(2.65), 00 |Fa: -4.12(4.36), -7.87(2.68), .00 _|Fo: -4.12(2.36), -7.87(2.68), .00
< Fz: -5.31(2.83), -7.31(2.85), .01 F2: -5.00(3.60), -7.18(2.96), .01  |F4: -3.99(3.80), -6.21(3.71), .02  |F4: -4.19(4.23), -6.55(3.66), .02 |F4: -3.75(3.91), -6.10(3.28), .01 F,: -3.75(3.91), -6.10(3.28), .01
£ |Fe: 361(2.92), -6.21(347), 01 |Fu: -5.51(3.96), -6.15(3.77), .01 Co: -3.92(4.16), -6.92(3.71), .00 |Cy: -3.34(4.21), -6.82(3.57), .00 |Cy: -3.34(4.21), -6.82(3.57), .00
E [c,: -18.14(4.52), -20.76(3.11), .00 |Cs: -3.13(4.84), -6.01(3.24), .01 C.: -5.57(3.26), -7.74(3.06), .01 |C.: -5.38(2.89), -7.67(2.91), 00 |C,: -5.38(2.89), -7.67(2.91), .03
O |c.: -4.86(3.43), -6.89(2.43), 01 |C.: -4.54(3.39), -6.60(3.70), .02 0.: -7.67(3.36), -5.82(5.59), .04 |O: -7.67(3.36), -5.82(3.59), .04
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1 331 Statistical analysis results for unpleasant stimuli

2 For delta band, in T: (100-200 ms) and Ti (400-500 ms) time windows, respectively
3  (F(2.61,156.76)=4.93, p=0.00 and F(2.63,157.73)=3.4, p=0.02), for theta band, in T1 (100-200 ms) and Ts
4 (400-500 ms) time windows, respectively (F(3, 180)=4.99, p=0.00 and F(3,180)=4.91, p=0.00), for alpha
5  band, in Ts (300-400 ms) and T4 (400-500 ms) time windows, respectively (F(2.55, 153.23)=7.25 p=0.04
6 and F(3,180)=3.17, p=0.03),for beta band, in T1(150-200 ms), T2(200-300 ms) and T3 (200-400 ms) time
7 windows, respectively (F(3,180)=3.31, p=0.02, F(2.33,140.23)=3.69, p=0.01 and F(2.59,155.29)=4.25,
8  p=0.01) and for gamma band, in T5(300-400 ms), T+(400-500 ms), T5(500-600 ms) and Te(600-700 ms)
9 time windows, respectively (F(3,180)=3.48, p=0.02, F(2.69,161.26)=3.47, p=0.02, F(3,180)=4.87, p=0.00
10  and F(3,180)=4.87, p=0.00), significant results were observed. The independent t-test was performed
11  to compare the means of features and determine electrode sites where significant differences weres
12 observed. The electrode sites, group means and corresponding statistical analysis values, in which
13  significant differences were observed for the specified time windows and frequency bands, are
14  summarized in Table 3.

15
16
17
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Table 3. The summary of the time windows (T1, T2, T3, T4, Ts and Ts), frequency bands (delta, theta, alpha, beta and gamma) and electrode
sites, where statistically significant differences (p-value <0.05) in the average log powers were observed between the original and bright
groups as features, for unpleasant stimuli according to the independent t-test results; The statistical parameters, group mean
(mean,,igina, meany,4,) and standard deviation (std,yigina Stdyrign:) Of features belonging to the 31 subjects for the original and bright groups.

Electrode Site: mean,,yinai(Stdorigina), MeaNy; e (Stdyyign:) , P-value

T, (100-200 ms)

T, (200-300 ms)

T; (300-400 ms)

T4 (400-500 ms)

Ts (500-600 ms)

Te (600-700 ms)

- 15.90(3.55), 12.72(4.34), .02

F. 19.10(5.01), 15.66(5.48), .01 - - C.: 18.00(4.74), 15.15(4.91), .02 - -
Slc: 19.87(4.68), 15.81(5.18), .00 C2: 20.39(3.99), 17.89(4.30), .02
z C.: 19.45(4.58), 16.11(5.17), .01
F:: 15.62(4.21), 12.96(4.14), .01
£lc,: 16.57(3.97), 14.15(3.99), .02 - Ca: 15.73(3.94), 12.23(3.49), .00
= C: 16.69(3.73), 14.70(3.26), .02

Alpha

C.: 15.19(3.12), 12.93(3.07), .01
C4: 14.91(3.80), 12.34(3.35), .01
P: 13.84(3.03), 12.14(2.98), .03
O: 14.35(3.49), 11.70(4.16), .01

C3:
Cz:
C4:

Ps:

11.14(4.19), 7.70(3.39), .00
11.02(3.49), 8.53(3.64), .01
10.69(4.35), 7.00(4.46), .00
9.93(4.05), 7.02(4.36), .01

Beta

F2: -0.29(3.18), 1.81(3.07), .00

F.: 1.56(3.14), 3.88(2.86), .00

C.: 4.75 (3.56), 2.31(3.11), .01
C.: 5.19(3.48), 2.03(3.62), .00

Gamm

C,: -4.57(3.42), -7.18(3.24), .00
C: -4.47(3.34), -7.77(3.25), .00
P -4.33(3.88), -6.94(3.75), .01

CAZ
Pg:

-4.84(3.61), -8.70(2.87), .00
-5.24(4.11), -7.86(2.47), .00

Ca: -4.97(3.94), -6.82(2.57), .03
C: -4.92(3.66), -7.62(2.96), .00
C.: -4.60(3.28), -8.67(2.56), .00

P -5.45(4.03), -7.77(2.73), .01

Ca: -4.94(3.94),
C.: -4.93(3.66),
C.: -4.60(3.29),
Pa: -5.45(4.03),

-6.82(2.58), .03
-7.60(2.96), .00
-8.68(2.56), .01
-7.77(2.73), .00



https://doi.org/10.20944/preprints201908.0228.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 August 2019 d0i:10.20944/preprints201908.0228.v1

1 332 Statistical analysis results for neutral stimuli

2 For delta band, in T3(300-400 ms) and T(400-500 ms) time windows, respectively
3 (F(2.47,143.08)=3.60, p=0.02, F(2.50,145.28)=3.88, p=0.01) and F(2.49,144.64)=3.47, p=0.02), for theta
4 band, in T3(300-400 ms), and T4(400-500 ms) time windows, respectively (F(2.37,137.66)=5.13, p=0.00,
5 F(2.35,136.11)=4.48, p=0.01), for alpha band, in T3(300-400 ms), and T4(400-500 ms) time windows,
6  respectively (F(2.48,143.97)=3.29, p=0.03 and F(2.34,135.53)=3.76, p=0.02), for gamma band, in T2(200-
7 300 ms), T4(300-400) and Te(600-700) time windows, respectively (F(2.23,129.25)=3.96, p=0.02,
8  F(2.15,124.99)=3.25, p=0.03 and F(2.92,132.96)=3.45, p=0.03), significant results were observed. But
9  there was no significant result for alpha and gamma bands. The independent t-test was performed
10  determine the electrode sites where significant differences were observed. The electrode sites, group
11  means and corresponding statistical analysis values, in which significant differences were observed
12 for the specified time windows in the delta bands, are summarized in Table 4.

14
15
16
17
18
19
20
21
22
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24 Table 4. The summary of the time windows (T2, Ts, T+ and Ts), frequency bands (delta, theta, alpha and gamma) and electrode sites, where statistically significant
25  differences (p-value <0.05) in the average log powers were observed between the original and bright groups as features, for neutral stimuli according to the
26 independent t-test results; The statistical parameters, group mean (mean,,ina meany,,;4,) and standard deviation (std,,igima Stdpign:) Of features belonging to the
27 31 subjects for the original and bright groups.

Electrode Site: mean,,iginai(Stdoriginat), MeaNyrigne (Stdprign:)  P-value
T, (200-300 ms) T3 (300-400 ms) T, (400-500 ms) T (600-700 ms)

S - C,: 18.26(3.32), 15.46(6.04), .03 |P2: 11.83(6.02), 16.91(5.31)
a8 P,: 16.91(6.66), 20.27 (4.37), .02|P2: 16.12(6.20), 20.49 (5.90), .02|P,: 12.35(5.90), 16.26(5.30)

- F3: 16.74(3.06), 14.27(3.85), .01 |Pz: 12.90(4.28), 15.95(4.51), .01 --
S F2: 16.56(3.31), 13.96(3.93), .01
(<5}
=
= C: 16.04(3.27), 14.15(3.67), .04

- Fs: 11.31(3.50), 8.55(3.89), .00 |Fz: 10.67(4.24), 7.96(3.95), .01 -
5+
s F.: 11.52(4.72), 8.94(4.44), .03
<

P,: -7.84(3.22), -5.65(3.99), .02 - P,: -9.09(2.33), -7.18(3.77), .02 |P.: -9.05(3.15), -6.92(3.94), .02

g |p.: -8.07(4.34), -5.95(3.27), .03 0,: -9.00(3.68), -7.04(3.43), .03
IS
& 0. -7.69(3.59), -5.70(3.40), .03

28
29
30
31
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32  3.4. Topological Representation of Results on Scalp

33 By using the results shown in Tables 2-4, Figs. 5-7 were created. As shown in the figures
34 brightness effect on different time windows, frequency bands and channels appeared clearer and
35  more comprehensive. Each large circle in the figures was created to represent the placement of 12
36  scalp electrode site was given on small circles within each large circle. In the figures, time transitions
37 (T1, Tz, Ts, T4, Ts and Ts) were located from left to right and frequency band transitions (delta, theta,
38  alpha, beta and gamma) were located from top to bottom in rows and columns. Electrode sites, where
39  brightness effect was observed (according to Tables 2-4), were colored for each frequency band and
40  time window. Blue color was used for electrode sites where the feature values were statistically
41  significantly greater in original stimuli than in bright ones. Moreover, yellow color was used for
42  electrode sites where the feature values were statistically significantly greater in bright stimuli than
43  in original ones.

44 In Fig. 5, it is observed that brightness effect of the pleasant images on the electrophysiological
45  responses started at the early time window (T1 = 100-200 ms) and continued until the late time
46  window (Ts = 600-700 ms). This effect began to occur at high frequencies (gamma) in early time and
47  was spread over a wide frequency range (beta, alpha and theta) over time. According to Fig. 5, the
48  increase in the brightness of the pleasant images caused a decrease in the average power of gamma
49 responses with short latency (T1= 100-200 ms) at the frontal and central regions (F3, F-, Fs, Cs and Cz).
50  In the course of time, brightness also affected the occipital and parietal regions (O1 and Ps) parallel
51  to the frontal and central regions (Fs, F;, F4, Cs and C-). The increase in the brightness of the pleasant
52 images caused an increase in the average power of oscillational brain responses in the occipital and
53  parietal regions, in contrast to the frontal and central regions.

o4 In Fig. 6, it is observed that the brightness effect of the unpleasant images on the
95 electrophysiological responses started at the early time window (T1 = 100-200 ms) and continued
56  until the Ts (600-700 ms) time window. This effect began to occur at beta frequency in early time
57  window and continued at relatively high frequencies (beta, alpha and gamma). Brightness effect was
58  also spread over towards low frequencies (delta, theta) within the T4 (400-500 ms) time window.
59  According to Fig. 6, the increase in the brightness of the unpleasant images caused an increase in the
60  average power of beta responses with short and middle latency (100-300 ms) at the frontal regions.
61 In the course of time, brightness effect also continued in the frontal, central, occipital and parietal
62 regions (Fs, Cs, Cz, C4, Pz and Oz). Unlike other visual stimuli, for the unpleasant images, the increase
63  inbrightness caused a decrease in the average power of oscillational brain responses in the occipital
64  and parietal regions. Another remarkable point is that, in contrast to other types of visual stimuli,
65  the increase in the brightness of the unpleasant images caused an increase in the average power of
66  brain activity in the early and middle time windows (100-300 ms) at the frontal regions.

67 InFig. 7, itis observed that the brightness effect of the neutral images on the electrophysiological
68  responses started later (T1 = 200-300 ms) than other stimulus types and continued until the late time
69  window (Ts = 600-700 ms). However, no effect of luminance was observed within the Ts time
70  window. As observed in the pleasant stimuli, the increase in the brightness of the neutral stimuli
71 increased the average power of brain activity in the parietal and occipital regions, whereas decreased
72 the power of brain activity in the frontal and central regions. Furthermore, unlike other types of
73 visual stimuli, brightness effect for the neutral images was not observed in the beta band.

74
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75
76 Figure 5. The electrode sites, where brightness effect is observed for different time windows

77  and different frequency bands for pleasant stimuli. Blue color was used for electrode sites where the
78  feature values were statistically significantly greater in the original stimuli than in the bright ones
79  (p< 0.05). Yellow color was used for electrode sites where the feature values were statistically
80  significantly greater in the bright stimuli than in the original ones.
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83  Figure 6. The electrode sites, where brightness effect is observed for different time windows and
84  different frequency bands for unpleasant stimuli. Blue color was used for electrode sites where the
85  feature values were statistically significantly greater in the original stimuli than in the bright ones
86  (p< 0.05). Yellow color was used for electrode sites where the feature values were statistically
87  significantly greater in the bright stimuli than in the original ones.
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Figure 7. The electrode sites, where brightness effect is observed for different time windows and
different frequency bands for neutral stimuli. Blue color was used for electrode sites where the
feature values were statistically significantly greater in the original stimuli than in the bright ones
(p< 0.05). Yellow color was used for electrode sites where the feature values were statistically
significantly greater in the bright stimuli than in the original ones.

3.5. Behavioral Performance Results

The subject SAM-rating scores are listed in Table 5. When the results were examined, a
significant difference was observed between the bright and original images in the arousal dimension,
(F(1,30)=7.03, p=0.013). However, no significant difference was observed in the valence dimension
(F(1,30)=0.51, p=0.48). According to the t-test results, the bright unpleasant images were considered
as less arousing than the original images, (p=0.001). However, there was no significant effect of
brightness on the pleasant and neutral images.

doi:10.20944/preprints201908.0228.v1
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107 Table 5. Results of statistical evaluation of the valance and arousal score comparison
108 between the original and bright version of pleasant, unpleasant and neutral images.
Visual Emotional |Original status | Bright status
dimension | Conditions | (meanzsd) (mean4sd) p-value
Pleasant 7.14.7 7.14.7 0.48
valance Unpleasant | 3.4+.4 3.34.2 0.50
Neutral 51#.4 51#.3 0.85
Pleasant 5.7#.6 5.8#1.6 0.09
arousal | yppleasant |5.741.6 5144 0.001"
Neutral 3.64.6 3.54.6 0.67
109
110 4. Discussion
111 In this study, the effects of image brightness were investigated on brain responses during visual

112 processing of images with different emotional content. Time, frequency and location information,
113 where brightness effect was observed, were examined using spectral power distributions of brain
114 activities observed in EEG. In this study, it was focused on the differences between the average EEG
115  power spectrograms obtained upon the presentation of the original and bright IAPS images. The
116  main finding was that the brightness of visual stimuli affected neural activity. The average power of
117  brain responses obtained upon the presentation of visual stimuli varied with the brightness of visual
118  stimuli. This effect differed according to the time window, frequency band and electrode point where
119  the activity was observed. Moreover, the brightness of visual stimuli on neural activity varied
120  depending on the emotional content of the stimulus (pleasant, unpleasant and neutral). The findings
121  revealed the frequency bands, time windows and electrode points, in which the brightness effect of
122 visual stimuli was observed on brain activity for three different emotional contents (Figs. 5-7).

123 According to the results of the study, the response of the brain to the brightness of visual stimuli
124 for the pleasant and unpleasant stimuli occurred with early time windows (100-200 ms) and
125  continued until the late time windows (700 ms). However, for neutral visual stimuli, the brain's
126  response to the brightness of these stimuli occurred later (200-300 ms) than other stimulus types and
127  continued until the late time windows (700 ms). This means that brightness effect of visual stimulus
128  appeared earlier than neutral images for pleasant and unpleasant images. The most noteworthy point
129  among the findings was that at certain frequency bands and time windows, the increase in the
130  brightness of the pleasant and neutral stimuli increased the average power of responses in the parietal
131  and occipital regions, whereas the increase in brightness of the unpleasant stimuli decreased the
132  average power of responses in the parietal and occipital regions. This effect was observed at high
133 frequencies (alpha, beta and gamma) for the unpleasant and pleasant stimuli but at both low and
134  high frequencies (delta, theta and gamma) for the neutral stimuli. This finding showed that the
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135  distinctive effect of brightness occurred for all the three types of emotional stimuli in the parietal and
136  occipital regions. The increase in the brightness of visual stimuli had a similar increasing effect on the
137  power of the parietal and occipital responses for the pleasant and neutral images, but an opposite
138  decreasing effect on the power of the unpleasant images. We know that the occipital lobe is the center
139  of visual processing [51], containing neural communities that form the basis for visual perception.
140  Information from the eye is processed in this lobe and associated with the information stored in
141  memory [51]. Moreover, the parietal lobe processes sensory information for cognitive purposes.
142 Another task of the parietal lobe is visual perception and recognition [51]. In other words, in our
143 study, the distinctive effect of brightness for different types of stimuli appeared in visual fields. The
144 increase in the brightness of visual stimuli may have a facilitating effect on the visual processing of
145  neutral and pleasant images, while having a suppressive effect on the visual processing of unpleasant

146 images.
147
148 However, for all the three types of stimuli, the increase in brightness reduced the average power

149  of the frontal and central responses (except for 100-300 ms time window for unpleasant stimuli). This
150  means that brightness caused the same effect on the anterior regions of the brain for all the three
151  stimulus types. Unlike other stimuli for the unpleasant images, the increase in brightness increased
152 the power of frontal beta responses in the 100-300 ms time window.

153 Previous studies have reported that frontal eye fields in the frontal cortex are important in
154  directing attention toward targets in the visual field [52]. It is also known that frontal eye field
155  responses have a sensory contribution to visual selection [53, 54]. By taking this information into
156  consideration, it can be suggested that the bright unpleasant stimuli compared with the original
157  unpleasant stimuli may contribute to attention orientation by increasing the power of cortical activity
158  in the early stages of visual processing. Of course, this effect should be investigated with further
159  analysis.

160 Another noteworthy finding was that no effect of brightness was observed on the beta band for
161  the neutral stimuli. Beta responses increase by high arousal, multisensory stimulation and cognitive
162  load. Additionally, it has been reported that beta band activity reflects the arousal of the visual system
163  with the increase of visual attention [55, 56]. In the light of this information, it appears significant
164  that there was no effect of brightness on brain activity for neutral images, which were less arousing
165  than unpleasant and pleasant images.

166 Furthermore, the behavioral performance results appear to be consistent with our findings for
167  the unpleasant images. According to the performance results, the bright unpleasant images were
168  considered less arousing than their original counterparts. In many studies, it has been reported that
169 arousal modulates brain activities mostly in late time periods (after 250ms) [21, 22, 57]. When Figs.
170  (5-7) were examined, it was observed that the bright unpleasant images compared to their original
171  counterparts decreased the power of brain activity in late time windows, as consistent with the
172 performance results. This suppressive effect on brain activity may be due to arousal. Galvanic skin
173 response measurements [58, 59] are required to demonstrate this effect clearly.

174 Our starting point in this study was the pioneering research, in which Lakens used IAPS images.
175  Lakens reported that bright images were evaluated more positively and dark images were evaluated
176  more negatively [35]. However, this evaluation was performed with behavioral data and how these
177  findings are reflected in neural activity has not been so far investigated. Therefore, our primary
178  objective in this study was to examine the brightness effect of images on the power of brain responses
179  and determine the time, frequency and location characteristics of this effect. The findings revealed
180  that the brightness of the image changed the power of brain responses to these images and that this
181  effect differed according to the content of the emotional images. There have been many studies in the
182  literature using IAPS and similar image. These studies are mostly in the fields of visual processing,
183  emotion classification, emotion evaluation and neuro-marketing [4, 5, 9, 40, 60-63]. Most of these
184  studies did not consider the brightness of visual stimuli. However, our study results demonstrated
185  that the brightness of visual stimuli was an important parameter with the potential to alter the power
186  of brain activity. For this reason, researchers are required to take into account the brightness of visual
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187  stimuli in studies using visual stimuli. By controlling brightness effect, the misinterpretation of visual
188  processing processes will be prevented. When the findings obtained in the literature are combined
189  with the results obtained in the study, it is expected that the cognitive processes expected to be seen
190  in the time windows where brightness effect occurs will also be affected by the brightness. This raises
191  the question whether brightness can have an effect on the power of our emotions.

192 Visual perception is the result of physical properties affecting the visual system [64]. Since
193  brightness, which is a physical feature of visual stimuli, affects this system, it can also create a
194  different perception in the system. Although we have elucidated neurophysiological changes in the
195  brain cortex due to brightness in this study, the cognitive interpretation of these changes still remain
196  unclear.

197 In the early stages of visual information processing, brain oscillations respond to very basic
198  features related to stimuli, while more complex and cognitive responses occur in the late stages. In
199  many studies, time windows and frequency bands where these responses are observed have been
200 reported [6, 8, 12, 13, 25, 65-67]. However, in most of these studies, the brightness of visual stimuli
201  was not considered. In other words, it is not clear whether sensory and cognitive processes are
202  affected by the brightness of visual stimuli. Can the change in the power of neural activity by the
203  brightness effect of visual stimuli affect the sensory and cognitive states (attention orientation,
204  decision-making, memory) or the emotion we feel during these processes? In order to answer this
205  question, advanced experimental mechanisms and advanced ERP analyses are needed. In future
206  studies, by focusing on the time windows and frequency bands we specified in this study, important
207  information can be obtained about brightness effect on emotional evaluation through advanced
208  experimental mechanisms and ERP analyses. The detailed analysis of brightness effect on cognitive
209 activity (directed attention, perception, memory, arousal, emotional evaluation, etc.) revealed that
210  cognitive performance can be improved when brightness conditions are improved. This result will
211  contribute positively to studies such as emotion classification and emotion analysis. In addition, the
212 brightness of the image is an important issue for marketing science, which examines consumer
213  behavior. Because emotions end with behavior and emotions that affect human behavior can be
214 affected by brightness. Therefore, investigating the brightness effect of visual stimuli on cognitive
215  performance will also contribute to neuro-marketing studies.

216 5. Conclusions

217 In this study, we demonstrated how brightness, a perceptual feature of pleasant, unpleasant and
218  neutral emotional visual stimuli, affected neural activity during visual processing and how this effect
219  was represented in the cortex. One of the original aspects of this study was that brightness effect on
220  brain activity for visual stimuli with different emotional content was investigated in detail for
221  different frequency bands and different channels at different time windows of visual processing. As
222  shown in the findings, the brightness of visual stimuli has the potential to affect sensory and cognitive
223  processes in visual processing studies. Therefore, we emphasize that brightness effect should be
224 controlled in such studies. In our next study, we plan to investigate the effects of brightness on
225  emotion categorization using time, frequency and location information, in which brightness is
226  represented in the cortex.

227

228  Abbreviations: The following abbreviations are used in this manuscript;

229

230  IAPS: International affective picture system;

231  ERP: Event related potential;

232  EEG: Electroencephalography;

233 STFT: Short time Fourier transform;

234  C:Contrast value;

235  m: Meter;

236  EOG: Electrooculogram.
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