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Abstract

Human behavior is to a large extent driven by individual preferences. EEG experiments have shown different brain responses for preferred and non-preferred stimuli.
Brain responses occurred at stimuli onset which suggests that preferences can be encoded without the need for making a conscious decision and taking action. The aim of
this project is to show that these differences could be used to decode personal preference for colors and shapes based on EEG signals. This could be used to gain insight
into one’s own preferences or as a communication technique for locked-in patients.
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Introduction

Having a choice is considered good and having more to chose from is intuitively desired. However, Iyengar et. al., 2000 reviews three studies which showed that the
number of options to choose from is negatively correlated with motivation and satisfaction. That is having more to choose from has detrimental effects on motivation and
level of satisfaction. A person has to make numerous choices every day, many of which
are rather trivial, for example choosing a dish out of a set of possible dishes to eat.
Making such a choice can be unexpectedly hard when no clear preference seems to
exist. However, there may exist evidence suggesting that there is a difference in brain
response for preferred and non-preferred stimuli when participants are aware of their
preference. These brain responses might also occur when participants are not aware of
a clear preference which could be made use of in an online brain computer interface
(BCI).
An online BCI is a system which determines the state of ones brain, using brain
measurement techniques like electroencephalography (EEG), and gives immediate feedback based on that. See Gerven et al., 2009 for a more elaborate explanation on BCI
systems. A usable device could be build that helps people to make choices, assuming
that the brain response for options that do not elicit a strong preference is similar to the
one for options with a strong preference.
Such a device would consist of an EEG headset that is connected to a computer.
The user then would need to look at pictures or interact with different objects representing the options the users can chose from while the brain responses are measured
and analyzed. The computer would then provide the user with feedback about which
picture or item showed the strongest preference.
There have been several recent studies on the effects of subjective preferences on
neuronal components such as event-related potentials (ERPs) and neuronal oscillations
in different brain regions, measured via EEG.
Lindsen et al., 2010 found significant differences between ERPs for preferred and
non-preferred faces, robust time-frequency representations differences and increased
heta band activity. Khushaba et al., 2015 found significant P300- and N400-ERP differences between preferred and non-preferred color. Kawasaki et al., 2011 found theta
synchronization and lateralizations in the occipital lobe dependent on where a preferred
color was presented in hemifield. Most interesting result is that preferred color showed
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an effect in the not attended hemifield. Also a lateralization of the N2pc (200-350ms)
ERP component could be found. Telpat et al., 2015 could reach classification accuracy
of up to 70% using SVM based on alpha and gamma rhythm.
These studies show that individual preference has an effect on EEG measurable
neuronal activity.
Interestingly: ERPs could be observed with stimuli onset in Lindsen et al., 2010 and
Khushaba et al., 2015. This suggests that individual preference can be determined
based on neural activity without the participant taking action.
These studies investigated brain responses when participants were told to actively
indicate their preference, thus participants where aware of their preference. What has
not been investigated is whether the same or similar responses are elicited when participants are not required to make a choice nor are aware that the experiment is about
preferences.
Therefore the aim of this project is to tackle this open question with an experiment
which tries to achieve the two following goals as a proof of concept for further research: (i) to determine if there is a consistent difference in brain responses between
preferred and non-preferred stimuli during rapid serial visual presentation (RSVP) of
five highly distinctive colors and shapes when participants are aware or not aware of
the experimental nature. (ii) to build and evaluate a classifier offline to create the basis
for an online BCI.
This leads to the following research question: Can subjective preferences be determined via EEG in a rapid serial visual presentation setup?
It is expected to find a significant difference when participants are asked to form
their preference. Furthermore a P300 on F3 and a N400 on P7 as in Khushaba et al.,
2015 and a higher amplitude for preferred stimuli in Fz and Pz around 200ms as in
Telpaz et al., 2015. See figure 1.
However, it is unclear what results can be expected when participants are not aware.
Proving that clear differences exists between preferred and not preferred stimuli can
provide insight into how individual preferences are formed within the brain. Existing
differences between preferred and non-preferred stimuli could imply that preferences
are continuously present in the brain after formation. On the other hand, it could be that
preferences are formed when needed if differences can’t be found when participants are
not aware.
Furthermore, a device based on an online BCI system as described earlier could be
build and used as a tool for self exploration or to help reduce the amount of everyday
decisions.
The remainder of this thesis will provide further details on the methodological approach on data collection, processing and classification of a pilot experiment addressing the questions mentioned above. Followed by an evaluation of the results and a
discussion of their implications.
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(a) Results Khushaba et al., 2015

(b) Results Telpaz et al., 2015
Figure 1: Expected results from prior studies
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3.1

Methods
Participants

This pilot study involved 4 healthy volunteers (participants), 2 male and 2 female, aged
21-25. Each participant gave written informed consent before the experiment.
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3.2

Data acquisition

The experiment consists of two phases: an EEG phase and a behavioral phase. The
participant sat alone in a closed room in front of a computer screen. Half of the participants started with the EEG phase, condition 1, and the other half started with the
behavioral phase, condition 2.
Condition 1 tests whether a difference between preferred and non-preferred stimuli exists whilst the participant is not aware that the experiment is about preferences during
the EEG phase. Condition 2 on the other hand tests whether a difference exists whilst
the participant is aware. This condition also serves as a control condition because its
experimental design matches prior studies the most we would therefore expect similar
results.
In the EEG phase a BIOsemi system with 70 active electrodes was used, consisting
of 64 EEG channels, 4 EOG channels and 2 mastoid channels for referencing. The
EEG electrodes were placed according to the international 10/20 system. Two EOG
electrodes were placed left and right from the eyes to capture vertical eye movement.
The other two EOG electrodes were placed above and below the same eye to capture
blinks. All channels were sampled with a frequency of 250Hz.

3.3

Experimental task

Participant received instruction before the experiment started depending in which condition they were.
The instruction for condition 1 explained the experiment consist of two parts. That during the first part color and shapes are presented in short burst and that the instruction
for the second part will appear on the screen after the first part.
The instructions for the second part explained that the participant will see the same
stimuli again and will have to chose which one is preferred.
The instruction for condition 2 stated the same except the second part was explained as
well. Additionally, participants in condition 2 where presented with all stimuli beforehand and instructed to pick their preferred one.
The participants were asked to not blink or move during the presentation and that she
can blink or move between the burst or during self paced breaks.

3.4

Experimental Stimuli

The stimuli consist of two groups, five highly distinctive colors and five highly distinctive shapes. Colors have been chosen because people usually show strong preferences;
e.g., Hurlbert et al., 2007.
Therefore the grey shapes have been added to the stimuli set to compensate for the
psychological factors that can influence color preference. This stimuli design is similar
to Khushaba et al., 2015 with the difference that only one stimulus is presented at a
time and shapes are added. See fig 2.
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Figure 2: All stimuli used during the EEG phase

In the EEG phase stimuli are presented in a rapid serial visual representation paradigm
as in Telpaz et al., 2015. Lees et al., 2018 showed that P300 responses can be suppressed when targets in a RSVP are less than 500ms apart. This is known as attentional
blink. ERPs between stimuli onset until 500 ms post stimulus can be expected based
on the results from Khushaba et al., 2015. Therefore each stimulus will be visible for
500ms to avoid overlapping brain responses, visual illusions and potential attentional
blink effects assuming preferred stimuli can be interpreted as targets.
The stimuli are presented in the middle of the screen on a grey background. First
the colors are presented as circles followed by the shapes. The stimuli are presented
sequentially in all possible orders. That generates 120 blocks per stimuli group, each
consisting of 5 stimuli. Between each block is a break of 1 second with fixation cross
and the participant has the opportunity for a self-paced break every 10 blocks.
In the behavioral phase the participants will perform a two-alternative forced choice
experiment (2AFC), as in Kawasaki et al., 2011 and Lindsen et al., 2010, to determine
the actual preference for a particular stimulus. Choices will consist of all possible combinations of stimuli in random order. The number of times each stimulus got chosen
over another one will be counted. The item with the highest count is considered to be
the most preferred one. If the outcome is unclear, that is multiple items have the same
count, the 2AFC starts again but only with the items that had the same highest count.
This forces the participant to indicate a preference. Participants are not made aware
about this forcing mechanism. See figure 3.

Figure 3: Example choice in the 2AFC

Additionally, each participant had to fill in a questionnaire after the experiment to
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record additional information like age and gender. It is crucial to know if a participant
is aware of having a preferred color or shape since this studies tries to determine if
unconscious preferences can be measured. The questionnaire therefore includes two
additional questions; if the participant is actually aware of a personal color or shape
preference and if the preferred color or shape was part of the stimuli set. A participant
being aware of a preferred color or shape could be interpreted as being primed before
or during the experiment as it was the case in Telpaz et al., 2015.

3.5

Pre-Processing

A pre-processing pipeline similar to Khushaba et al., 2015 because they use color
stimuli as well. The data is first split into intervals consisting of the trials, stimuli
onset until 0.5sec post stimulus onset, with additional 2sec before and after for better
pre-processing. Trends from each trial are then removed, followed by channel-based
mastoid re-referencing. Channels that deviate three standard deviations from all other
channels are removed. A band-pass filter with 0.5Hz - 40Hz is applied to the remaining
channels. The extra two seconds before and after each trial interval are then removed.
Trials deviating by four standard deviations from all other trials are removed.
EOG artifact removal has been neglected because stimuli where only presented in
short bursts. Participants where told to not blink during these bursts and could do so in
between each.

3.6

Analysis

For analysis, ERPs for (non-)preferred color and shape are created for each participant,
as well as ERPs for (non-)preferred color and shape for each condition and ERPs for
each color and shape per participant. In addition to visual inspection of the ERPs, a
cluster permutation test (CPT) has been used to determine if significant differences
between preferred and non-preferred stimuli can be found.
The CPT is based on one-way ANOVA test with an f-threshold of 6.0 and 1000
permutations. These are the default settings from the CPT MNE implementation.
MNE is an open source Python package for exploration, visualization and analysis of
brain data. See this website for further information.
The test has been applied to the full trial of length 500ms as well as all 64 channels
since we are interested whether any significant difference exists between preferred and
non-preferred stimuli.

4

Results

I will be mostly using plots showing only channel Cz given that the activity in that
channel reflects activity in most other channels. See figure 4. Plots containing all
channels can be found in the appendix.
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Figure 4: Example preference ERP plot with all channels showing that activity
in CZ reflects most other channels

4.1

Behavioral data

The data acquired during the behavioral phase of the experiment is displayed in table 1.
Participant
Number
1
2
3
4

Condition

Gender

Age

1
1
2
2

Male
Male
Female
Female

25
22
19
19

Questionnaire
Pref. color Pref. shape
None
None
Blue
Triangle
None
None
Light Blue None

2AFC
Pref. color
Cyan
Blue
Cyan
Blue

Pref. shape
Triangle ( forced )
Triangle
Polygon ( forced )
Polygon

Table 1: Summary data acquired via post-experiment questionnaire 2AFC.

All participants in Condition 1 are male and are the oldest people in the population.
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The participants in Condition 2, on the other hand, are all female and are the youngest.
Participants 2 and 4 show that the right preferred color or shape is determined by 2AFC
given that the participant has a preference.
As expected, most people did not have a preferred shape according to the questionnaire, which is also reflected in the behavioral data where the preference decision had
to be forced for half of the participants.
Unexpectedly, half of the participants did not have a preferred color. The 2AFC determined preferred color was cyan for these participants. This could be caused by
luminance effects. Each color has its own luminance, a measure to describe perceived
brightness. Cyan has the second highest luminance value after yellow which means
that participants without a preferred choice could unconsciously have chosen the color
that is perceived as the brightest.

4.2

Color responses

Participants 2, 3 and 4 show a big negative spike between 100 and 200ms followed by a
positive spike around 200ms. This could be interpreted as a N100 and P200, a negative
and positive going evoked potential which usually occurs with stimuli onset. See figure
5 for example shapes of ERP components.

Figure 5: Example for ERP components. N100, P200 and P300 being
represented by N1, P2 and P3 respectively. Source of image Wikipedia.org

Participant 1 shows a bigger positive spike for preferred color between 100 and
200ms and a negative one between 300 and 400ms. The later could be interpreted as
a P300. Participant 2 shows a more negative spike between 100 and 200ms and more
positive spikes between 300 and 400ms for preferred color. Participant 3 shows are
consistently higher amplitude for preferred color but no apparent spikes other than the
negative one between 100 and 200ms. Not much difference can be found between preferred and non-preferred color for participant 4 except a slightly more positive spike
between 200 and 300ms for non-preferred color.
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The overall shapes of the ERPs in condition 2, participant 3 and 4, looks similar. Condition 1, participant 1 and 2, does not show such a similarity.
See Figure 6.

(a) Participant 1: ERP for preferred and non-preferred
color

(b) Participant 2: ERP for preferred and non-preferred
color

(c) Participant 3: ERP for preferred and non-preferred
color

(d) Participant 4: ERP for preferred and non-preferred
color

Figure 6: Preference ERPs for channel CZ. (a) and (b) are from condition 1 and (c) and (d) are from condition
2

The cluster permutation test revealed significant differences between preferred and
non-preferred color with p-value <= 0.05 in the channels OZ, POZ, PZ, CPZ, FPZ,
FP2, AF8, AF4, AFZ, FZ, F2, F4, F6, F8, FT8, FC6, FC4, FC2, FCZ, CZ, C2, C4, C6,
T8, TP8, CP6, CP4, CP2, P4, P6, P8, P10, PO8, PO4, O2 for participant 2. See figure
7.
No significant differences could be found for the other participants.
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Figure 7: Participant 2, result of cluster permutation test for preferred and non
preferred color for channel CZ

Looking at the ERPs for each color for participant 2 we can see spikes shortly after
300ms and around 400ms for his preferred color blue. The spike around 300ms could
be interpreted as a P300 which is known to be elicited for target stimuli. See Figure 8b.
Participant 3 shows a less negative peak between 100 and 200ms for her preferred color
as determined by the 2AFC. See Figure 8c.
Participant 1 and 4 do not show any apparent differences between the ERPs for preferred color and non-preferred colors.
Looking at the ERPs per condition we can see a clear negative spike between 100
and 200ms with the preferred color being slightly less negative in condition 2. Starting
between 200 and 300ms we can see further differences in amplitude with the preferred
color being more positive.
On the other hand, condition 1 looks overall more noisy with three relatively more
positive spikes for preferred color at 100, 300 and 400ms. See figure 9. However, the
cluster permutation test did not reveal any significant differences between preferred
and non-preferred color for neither condition.
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(a) Participant 1: ERP for each color for channel Cz.

(b) Participant 2: ERP for each color for channel Cz

(c) Participant 3: ERP for each color for channel Cz

(d) Participant 4: ERP for each color for channel Cz

Figure 8: ERPs for each color for a single channel. (a) and (b) are from condition 1 and (c) and (d) are from
condition 2

(a) ERPs for preferred and non-preferred color in
condition 1

(b) ERPs for preferred and non-preferred color in
condition 2

Figure 9: Average ERPs of all participants within the same condition (a) is from condition 1 and (b) is from
condition 2
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4.3

Shape responses

Overall the ERPs for preferred and non-preferred shape look similar to those for preferred and non-preferred color.
Participant 1 shows a relatively big positive spike at 200ms for his preferred shape. A
similar spike occurred for preferred color but a bit earlier in time. Another spike can
be seen around 500ms for preferred color. Participant 2 shows a more negative spike
for preferred shape between 100 and 200ms and a more positive spike between 300
and 400ms, which is similar for his preferred color. Participant 3 shows a consistently
higher amplitude after 100ms for her preferred shape. This is similar for preferred color
with the differences that non-preferred shape has a spike at 300ms. The EPRs curves
for preferred and non-preferred shape and color look very similar for participant 4.
Again, the overall shape of the ERPs look similar for participant 3 and 4 and not so
similar for participant 1 and 2. See figure 10.

(a) Participant 1: ERP for preferred and non-preferred
shape for channel Cz.

(b) Participant 2: ERP for preferred and non-preferred
shape for channel Cz

(c) Participant 3: ERP for preferred and non-preferred
shape for channel Cz

(d) Participant 4: ERP for preferred and non-preferred
shape for channel Cz

Figure 10: Preference ERPs for a single channel. (a) and (b) are from condition 1 and (c) and (d) are from
condition 2
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The cluster permutation test reveals significant differences between preferred and
non-preferred shape with p-value <= 0.05 in the channels OZ, FP1, AF3, F1, F3, F7,
FT7, FC5, FC3, FC1, C1, C3, C5, T7 for participant 2 and in the channel P5, P7, P9,
PO7, PO3, O1, IZ, OZ, POZ, PZ for participant 4. See figure 11.
Participant 1 and 3 do not show any significant differences.

(a) Participant 2, channel C1

(b) Participant 4, channel OZ
Figure 11: Cluster permutation test for preferred and non-preferred shape for
single participants. Only one channel is shown because it reflects activity in the
other channels within the same participant.

Looking at the ERPs for each shape we can that his preferred shape, triangle according to the 2AFC in the forced setting, shows a spike at 200ms and right before 500ms.
However, polygon also shows a spike around 200ms. What sticks out is the large negative spike at 200ms for rectangle. Participant 2 shows a positive spike between 300 and
400ms for his preferred shape, triangle, but yet again there are also spikes around the
same time for square and circle. Participant 3 shows no clear ERP difference for her
forced shape preference Polygon. The amplitude for circle and square are more negative between 100 and 200ms. Square is again more negative between 200 and 300ms
13

and rectangle between 400 and 500ms. Participant 3 shows no clear ERP difference
for her preferred shape Polygon, as determined by the 2AFC. Triangle and circle show
a more negative spike between 100 and 200ms and rectangle and square a less negative
spike between 250 and 350ms. See figure 12.

(a) Participant 1: ERP for each shape for channel Cz.

(b) Participant 2: ERP for each shape for channel Cz

(c) Participant 3: ERP for each shape for channel Cz

(d) Participant 4: ERP for each shape for channel Cz

Figure 12: ERPs for each shape for a single channel. (a) and (b) are from condition 1 and (c) and (d) are from
condition 2

Looking at the condition ERP for shape we can see that the overall shape of condition 2 color and condition 2 shape is similar with a more negative spike for nonpreferred shape between 100 and 200ms. The difference being the that the shapes for
preferred and non-preferred shape are rather similar after the spike at 300ms which is
not the case for color in condition 2.
Condition 1 looks more noisy again with a sharp more negative spike for preferred
shape as well a more positive one at 200 ms. Short before 300ms we can see a more
positive spike for non-preferred color. See figure 13.
The cluster permutation test found significant differences for both conditions. In
the channel CPZ, CZ, F1, F2, F3, F4, F6, F7, F8, FC1, FC2, FC3, FC4, FC5, FC6,
14

(a) ERPs for preferred and non-preferred shape in
condition 1

(b) ERPs for preferred and non-preferred shape in
condition 2

Figure 13: ERPs for preferred and non-preferred shape. (a) is from condition 1 and (b) is from condition 2

FCZ, FPZ, FT7, FT8, FZ, IZ, O1, O2, OZ for condition 1 shapes and in the channel
IZ, O1, OZ, P1, P10, P3, P4, P5, P6, P7, P8, P9, PO3, PO4, PO7, PO8, POZ, PZ for
condition 2 shapes. See figure 14.
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(a) Condition 1, channel CZ

(b) Participant 2, channel OZ
Figure 14: Cluster permutation test for preferred and non-preferred shape for
each condition. Only one channel is shown because it reflects activity in the
other channels within the same condition.
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Discussion

This pilot study shows that there could be a detectable significant difference between
preferred and non-preferred stimuli.
I expected to see significant differences between preferred and non-preferred stimuli when participants were asked to form a preference before the experiment. This was
only the case for participant 4 for shape stimuli. I also expected a P300 on F3 and a
N400 on P7 as in Khushaba et al.,2015 and a higher amplitude for preferred stimuli
in Fz and Pz around 200ms as in Telpaz et al., 2015. That, however, is not the case.
Nevertheless, most preferences ERP plots suggest that there might be differences in
amplitude between 100 and 200 ms for preferred and non preferred stimuli.
Significant differences could be found between preferred and non-preferred colors
and shapes for participant 2 but not for participant 1. Interestingly, both participants
were not aware that the experiment is about preferences; participant 2 stated in the post-
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experiment questionnaire that he had a preferred color and a preferred shape; participant 1 states that he did not. This suggests that preferences, once formed, continuously
influence the brain response.
These results show that there might be detectable differences but these differences
are not consistent within this population. Consequently, the second aim of this project,
training and evaluating a classifier, was neglected.
Since this is a pilot study no clear conclusions can be drawn yet. The inconsistencies in these results could be explained by many factors, one being that these results are
simply the result of noise. The population is very small with N = 4, which means that
potentially too little data exists to increase the signal-to-noise ratio enough to obtain
clear effects or non-effects of preferences. Another factor that could have influenced
the results is unbalanced population. All participants in condition 1 are male while all
participants in condition 2 are female.
Therefore no clear answer on the research question can be given.
Based on the results of previous studies I would expect to find at least significant
differences for color when participants are aware. However, it might be that shapes and
colors simply do not evoke preferences strong enough to be detected.
For this reason a follow up study with the same objective but with different stimuli
and extended analysis would be needed. One option would be to use stimuli that are
known to elicit strong preferences. Such objects could be determined in a secondary
study.
Additional improvements include a continuous assessment of preference based on
a scale from e.g. 1 to 5, as well as analyzing the data in terms of frequency bands
such as gamma and theta as in Kawasaki et al., 2012 and Chew et al., 2016, or in
time-frequency representation as in Kawasaki et al., 2012.
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5.1

Appendix

Figure 15: Participant 1
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Figure 16: Participant 1
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Figure 17: Participant 1
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Figure 18: Participant 1
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Figure 19: Participant 2
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Figure 20: Participant 2
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Figure 21: Participant 2
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Figure 22: Participant 2
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Figure 23: Participant 3
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Figure 24: Participant 3
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Figure 25: Participant 3
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Figure 26: Participant 3
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Figure 27: Participant 4
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Figure 28: Participant 4
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Figure 29: Participant 4
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Figure 30: Participant 4
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Figure 31: Condition 1
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Figure 32: Condition 1
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Figure 33: Condition 2
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Figure 34: Condition 2
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