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Abstract
Selective exposure to online news occurs when users favor informa-
tion that confirms their beliefs, creating filter bubbles and limiting
diverse perspectives. Interactive systems can counter this by rec-
ommending different perspectives, but to achieve this, they need a
real-time metric for selective exposure. We present an experiment
where we evaluate Electroencephalography (EEG) and eye-tracking
as indicators for selective exposure by using eye tracking to recog-
nize which textual parts participants read and using EEG to quantify
the magnitude of selective exposure. Participants read online news
while we collected EEG and eye movements with their agreement
towards the news. We show that the agreement with news corre-
lates positively with the theta band power in the parietal area. Our
results indicate that future interactive systems can sense selective
exposure using EEG and eye tracking to propose a more balanced
information diet. This work presents an integrated experimental
setup that identifies selective exposure using gaze and EEG-based
metrics.
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1 Introduction and Background
Selective exposure, the tendency of individuals to seek informa-
tion that aligns with their pre-existing attitudes while avoiding
contradictory information, is a major challenge to maintaining a
diverse and informed public discourse [4, 11]. This phenomenon
contributes to the creation of echo chambers, where exposure to
alternative viewpoints is limited, thereby reinforcing ideological
divides between individuals. Quantifying the degree of selective
exposure helps researchers to understand how individuals process
viewpoints. In the context of Human-Computer Interaction (HCI),
assessing selective exposure can help bias-aware systems to pro-
pose different viewpoints that differ from ideological stances [2].
Traditional methods, such as self-reports, fail to fully capture the
complexity of selective exposure. These approaches are limited
in their ability to account for nuanced behaviors and contextual
factors. Self-reports are prone to biases such as social desirability
and confirmation bias, while log files lack the granularity needed to
infer underlying cognitive processes [30]. Moreover, experimental
designs often rely on limited and artificially controlled stimuli, a
“captive audience problem” [8], which does not replicate the rich-
ness of real-world information environments [29].

Previous research addressed selective exposure using behavioral
metrics such as gaze duration and fixation patterns. For instance,
Schmuck et al. [26] investigated selective exposure and avoidance
using gaze data in response to attitude-consistent and attitude-
discrepant stimuli. While these approaches provide valuable in-
sights, gaze data alone cannot fully capture cognitive engagement,
as fixations on a stimulus do not always imply attention or informa-
tion processing [10]. Psychophysiological studies have explored the
role of theta-band activity as a marker for memory encoding and
decision-consistent processing [6, 9, 15, 23], offering cortical physi-
ological correlates for selective exposure. However, these studies
focused on predefined static images or decision scenarios rather
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(a) (b)

Figure 1: (a): News search system showing a result list containing German news articles for the query ’migration’. (b): The
same view is used for user rating in the feedback phase with a highlighted sentence and a feedback form aside for sentence
familiarity and agreement.

than reading self-selected information, which is a common scenario
when consuming news or social media content [3].

To overcome these limitations, we developed a multimodal ex-
perimental framework combining Electroencephalography (EEG)
and eye-tracking data to study selective exposure in a realistic web-
browsing reading environment. Our study goes beyond existing
work by analyzing both behavioral (gaze) [27] and physiological
(EEG) [18] signals to investigate how individuals process attitude-
congruent and attitude-incongruent information while reading on-
line news. Unlike previous unimodal research that relied on static
visual stimuli [9, 15, 26], our approach utilizes real news articles as
text stimuli in a visually neutral presentation that can be searched
and read naturally, making it closer to real-world information con-
sumption. We propose the use of theta-band synchronization as a
potential metric for selective exposure [9]. Our results show EEG
theta synchronization when participants read attitude-congruent
sentences compared to attitude-discrepant ones. This work lays the
groundwork for future studies aimed at developing near real-time,
multimodal metrics for understanding selective exposure using
real-time metrics.

2 Experimental News Search System for
Multimodal Assessment of Selective Exposure

To investigate selective exposure in online news searches, we de-
signed a system that collects and synchronizes eye tracking as well
as EEG data. The primary goals of our system are twofold: (1) to
understand user behavior during news reading and (2) to assess
the feasibility of combining eye tracking and EEG for detecting
selective exposure. To support these objectives, we implemented
a custom news search system alongside a technical setup for data
collection and synchronization. This section introduces the news
search system and the associated technical setup.

2.1 News Search System
The core of our experimental design is a web-based news search
application that allows participants to search, view, select, and
read online news articles. Beyond enabling interaction with news

content, the system also supports the administration of pre- and
post-task questionnaires and the collection of user ratings at the
sentence level. Participants interact with the system by entering
keywords into a search bar, which generates a paginated result list
displaying three items per page (see Figure 1a). Each result item
includes the article title and the first sentence as a snippet. Clicking
on an item opens the full article in a detailed view, from which
participants can return to the result list via a back button. The pag-
inated design minimizes scrolling, ensuring controlled interactions.
To eliminate potential confounding variables, the application main-
tains a consistent and controlled presentation of text-based news
content used in previous work [17, 18]. Font size (24 px), colors,
and layout are uniform across the result list and detailed views, dis-
played on a 24-inch screen with a resolution of 1920× 1080 pixels.
No images or additional styling elements are included, as graphi-
cal stimuli can manipulate cognitive processing compared to text
stimuli. This controlled environment reduces external distractions
that lead to noise in eye-tracking data. The news corpus comprises
approximately 86,000 articles sourced from German online news
outlets, including sueddeutsche.de, zeit.de, and bild.de. These outlets
were selected to represent diverse political orientations. Articles
were collected using the NewsCatcherApi1 over a defined period
(2023-12-19 to 2024-08-15), cleaned of artifacts, and indexed using
Elasticsearch2. By employing a large and diverse corpus, we address
the “captive audience problem” [8] and simulate everyday news
consumption behaviors. The system incorporates pre- and post-task
questionnaires to collect sociodemographic data, personality traits,
and attitudes toward the search task topic. After completing the
search task, participants are prompted to provide feedback on spe-
cific sentences from the articles they read. Sentences for feedback
can be selected based on predefined criteria, such as longer fixation
durations (from gaze data) or significant deviations in EEG metrics
relative to a baseline. Highlighted sentences are presented in their
original context within the interface, and participants rate their
familiarity with and agreement with the statement expressed in the
sentence (see Figure 1b).

1https://www.newscatcherapi.com
2https://www.elastic.co/de

https://www.newscatcherapi.com
https://www.elastic.co/de
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Figure 2: Process to collect different input streams to time-synchronized data and to compute sentence fixation times for the
segmentation of EEG data and data annotation.

2.2 Technical Setup
The technical setup integrates input streams from eye tracking,
EEG, mouse, and keyboard into a time-synchronized data output
format. Figure 2 illustrates the process. Fixation data from the eye
tracker is used to segment EEG recordings, enabling analysis of
neural activity corresponding to specific sentences. Thismultimodal
approach provides a direct link between behavioral (gaze), cortical
(EEG), and subjective (feedback) data, facilitating a comprehensive
analysis of selective exposure mechanisms.

A Tobii Spectrum eye tracker3 is used for gaze tracking, at a
sampling rate of 300 Hz. Electroencephalography is recorded with
semi-dry electrodes with NaCl solution and an OpenBCI Cython
Biosensing board with Daisy extension4, with 16 EEG channels at
125 Hz, and additional reference and ground electrodes5. Impedance
is kept below 20 kΩ. EEG electrodes are mounted according to the
10-20-system [14], and signal is recorded from Fp1, Fp2, F3, F4, Cz,
Pz, P3, P4, T3, C3, C4, T4, T5, O1, O2 and T6 electrodes. Mouse
and keyboard input is recorded at 1000 Hz. Signals of these four
modalities are streamed into LabStreamingLayer [20]. Gaze data
from the Tobii Spectrum eye tracker is streamed using the Tobii
Pro Connector App6. OpenBCI GUI7 is used for impedance checks
and streaming EEG data into LSL. The keyboard/mouse connector
app8 is used for streaming keyboard strokes, mouse clicks, and
mouse position into LSL. The LabRecorder app9 combines all signal
streams into a single data file in XDF format. Data of all modalities is

3https://www.tobii.com/products/eye-trackers/screen-based/tobii-pro-spectrum
4https://shop.openbci.com/products/all-in-one-gelfree-electrode-cap-bundle
5https://shop.openbci.com/cdn/shop/files/gelfree_electrode_cap_diagram_1020.png
for detailed positions
6https://github.com/labstreaminglayer/App-TobiiPro
7https://github.com/OpenBCI/OpenBCI_GUI
8https://github.com/labstreaminglayer/App-Input
9https://github.com/labstreaminglayer/App-LabRecorder

aligned on a synchronized timeline10 after import with the python
pyxdf package11.

In the next step, we use eye-tracking data to compute fixation
times on single words and sentences. The EyeLiveMetrics browser
plugin [13] captures raw eye-tracking coordinates and maps them
to words as Areas of Interest (AOIs)12. For that purpose, we send a
fork of the eye-tracking data LSL stream via a web socket into the
EyeLiveMetrics browser plugin. Within EyeLiveMetrics, fixation,
and saccades are classified and mapped to word AOIs. For each
word of the whole web page, metrics like fixation start and fixation
duration are computed and saved in a database. We accumulate
word fixation data with an additional script and compute gaze-
based metrics for sentences, e.g., fixation duration or fixation start
and end times. This provides a direct relationship between the
reading of specific text measured with eye tracking, the cognitive
processing in the brain measured with EEG, and the rating of the
sentence by the participant.

3 Exploratory User Study
We investigated the relationship between selective exposure and
EEG theta synchronization in an exploratory user study. Partici-
pants were exposed to news articles and, later on, provided their
agreement level to selected sentences. With this information, we
were able to analyze the neural correlates of agreement systemati-
cally.

We selected immigration policy as the study topic due to its
societal relevance and ability to elicit strong attitudes. Immigration
policy was ranked as the most important issue in German pre-
election polls in early 202513. This provoked high engagement
and polarized responses from participants, facilitating the study of

10https://labstreaminglayer.readthedocs.io/info/time_synchronization.html
11https://github.com/xdf-modules/pyxdf
12https://git.gesis.org/iir/eyelivemetrics
13https://www.infratest-dimap.de/umfragen-analysen/bundesweit/ard-
deutschlandtrend/2025/januar

https://www.tobii.com/products/eye-trackers/screen-based/tobii-pro-spectrum
https://shop.openbci.com/products/all-in-one-gelfree-electrode-cap-bundle
https://shop.openbci.com/cdn/shop/files/gelfree_electrode_cap_diagram_1020.png
https://shop.openbci.com/cdn/shop/files/gelfree_electrode_cap_diagram_1020.png
https://github.com/labstreaminglayer/App-TobiiPro
https://github.com/OpenBCI/OpenBCI_GUI
https://github.com/labstreaminglayer/App-Input
https://github.com/labstreaminglayer/App-LabRecorder
https://labstreaminglayer.readthedocs.io/info/time_synchronization.html 
https://github.com/xdf-modules/pyxdf
https://git.gesis.org/iir/eyelivemetrics
https://www.infratest-dimap.de/umfragen-analysen/bundesweit/ard-deutschlandtrend/2025/januar
https://www.infratest-dimap.de/umfragen-analysen/bundesweit/ard-deutschlandtrend/2025/januar
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selective exposure. Our institution’s ethics committee approved the
study.

3.1 Procedure
After briefing the participants on the study, they agree to partici-
pate by signing informed consent. The experimenter then explains
the task and the news corpus, mounts the EEG, checks electrode
impedance, and starts the calibration of the eye tracker. After a
successful calibration, a resting state EEG is recorded (one minute
with eyes open while looking at a fixation cross and one minute
with eyes closed). Then, the following task description is shown to
the participants:

Your train is delayed, and you now have some unexpected free time.
You decide to catch up on the current debate about immigration. Use
the news search and enter any search terms you like.
Start your search on the topic of immigration now.

We intentionally kept the task description generic and did not in-
duce a specific objective other than ’inform oneself’ on immigration
policy using the news search. No time limit is given in advance to
avoid putting pressure on participants. However, the experimenter
ends the search session after 8 minutes, removes the EEG, and
stops the recording. Afterward, the participants are guided through
rating the 19 longest-fixated sentences in their session. For that,
they are shown the search result lists and the detailed views again,
with the longest-fixated sentences highlighted in yellow, one after
the other. For each highlighted sentence, they are asked to rate
their familiarity with the statement ("I already knew the statement
expressed in the sentence" yes/no) and their agreement towards
that sentence on a 5-point Likert scale (from 1 = "The statement of
the sentence fits not at all with my opinion." to 5 = "The statement
of the sentence fits completely with my opinion."). Participants can
also select the option "I cannot assess that.". The session closes with
questions on their socio-demographics being filled out. Overall the
experiment lasted one hour. Figure 3 illustrates the whole process.

3.2 Multimodal Data Recording
3.2.1 Eye tracking Recording & Preprocessing. Gaze data were col-
lected using the Tobii Spectrum eye tracker (300 Hz). Participants
were seated approximately 60 cm from the eye tracker. Calibra-
tion was performed using a 6-point grid to ensure accurate gaze
mapping. To be able to present the longest-fixated sentences to
the participants, the eye tracking data have to be processed (com-
pare Section 2.2). The EyeLiveMetrics plugin collects and registers
fixation duration, on- and offset of words while participants are
reading in the task. After the task, fixation duration sums with
on- and offsets are computed for all sentences viewed. We define
a sentence-level metric, taking the summed fixation duration on
all sentence words and dividing it by the count of words in the
sentence. Only sentences with such normalized word fixation dura-
tions > 20 ms are considered. This filters out sentences with many
skipped words. Sentences are sorted in descending order of sen-
tence fixation duration sum. Output are longest-fixated sentences
per participant. Based on that, we segment the EEG by using the
fixation onsets of each word in the longest fixated sentences

3.2.2 EEG Recording & Preprocessing. EEG data were recorded
using semi-dry electrodes with a sodium chloride (NaCl) solution
connected to an OpenBCI Cyton Biosensing Board as described in
2.2. Continuous EEG data were segmented into epochs time-locked
to fixation onset for each word in the longest-fixated sentences.
Sentences were classified into two conditions: High Agreement,
which included sentences rated 4 or 5 on a 5-point Likert scale, and
Low Agreement, which included sentences rated 1 or 2.

We preprocessed EEG data within MNE-Python [12]. First, a
50 Hz notch filter was applied to remove line noise, and a .5–15
Hz bandpass filter was used to eliminate high- and low-frequency
noise. Signals were re-referenced to the common average reference.
Independent Component Analysis was performed using the Info-
max algorithm to identify and remove artifacts such as blinks, eye
movements, and muscle activity. Artifact-prone components were
automatically labeled and excluded using the ICLabel plugin inte-
grated within MNE-Python [22, 25]. Only epochs free of residual
artifacts and corresponding to correct responses with a fixation
on the target word were included in the final analysis, while error
trials and those with distractor fixations were excluded.

EEG frequency analyses examine the spectral properties of EEG
signal oscillations, including frequency, amplitude, and phase. Fre-
quency is measured in Hertz (Hz) and indicates the number of full
oscillations per second, while amplitude or power represents the
voltage range between the maximum and minimum points. In this
work, we investigated power changes in the theta band (5–8 Hz).
For fixated words, we computed theta power relative to a baseline
period (-500 ms to 0 ms) preceding the first-word fixation onset as
in previous work [7]. Theta power was extracted from electrodes
P3, P4, and Pz based on previous work [9, 15, 16].

We normalized data using z-scores, in order to account for between-
subject and electrode variability, where baselinef represents the
mean theta power during the baseline period (-500 ms to 0 ms),
and activitytf corresponds to theta power within the post-stimulus
window (0 ms to 1500 ms).

𝑍tf =
activitytf − baselinef√︃

1
𝑁

∑𝑁
𝑖=1 (baselinef,𝑖 − baselinef)2

3.3 Participants
We recruited 8 participants. All participants have either normal
or corrected vision (max. +/- 4.5 diopters) and are German native
speakers. Their participation was compensated by 40 euros. The
data of 3 participants had to be excluded because of unusable EEG
data (1) or missing gaze data (2). Therefore, in the following, we
only report on the results of the 5 remaining participants (2 male, 3
female, mean age 24 years).

3.4 Results
Regarding agreement with a sentence, we gained ratings for 65
sentences, whereby 33 are considered as high agreement (judged
by 4 and 5 on the 5-point Likert scale) and 19 as low agreement
(judged by 1 and 2 on the 5-point Likert scale).

A Bayesian t-test on average z-score normalized theta power
from the parietal region (P3, P4, Pz) during the 1000 - 1500ms time
window revealed moderate evidence for a difference between high



Escaping the Filter Bubble CHI EA ’25, April 26–May 01, 2025, Yokohama, Japan

1 min 1 min 

LSL Recording

Immigration
policy scale

ET Calibration
EEG Impedance

Resting state
eyes open

Resting state
eyes closed

Search and read
online news

Agreement  
familiarity rating

Socio-
demographics

8 min 

LSL Recording

Figure 3: Experimental procedure of the study. Participants provided informed consent, completed an immigration policy
scale [24], and answered questions on familiarity and interest in immigration policy. EEG and eye-tracker calibration followed.
After resting-state EEG recording, participants performed an 8-minute news search on immigration policy. Post-task, they
rated familiarity and agreement with their longest-fixated sentences, followed by socio-demographic questions.
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Figure 4: Posterior distribution of the Event-Related Syn-
chronization/Desynchronization (ERS/ERD) difference be-
tween high and low agreement conditions in the parietal re-
gion (1000–1500ms). The distribution peak at 0.71 SD power
change with 89% of the mass above zero (red dashed line)
indicates stronger synchronization for high versus low agree-
ment, with a Bayes Factor of 7.8 supporting this difference.

and low agreement conditions (𝑀 = 0.72, 95% CI [−0.32, 1.73],
evidence ratio = 7.8, posterior probability = .89). This indicates
that the data are approximately 7.8 times more likely under the
alternative hypothesis than under the null hypothesis. Figure 4 and
Figure 5 show the distribution of the results of the event-related
theta synchronization. Figure 6 shows the event-related theta syn-
chronization for low and high agreement.

4 Discussion and Future Work
In this work, we evaluated EEG and eye-tracking as a research
method for quantifying selective exposure in real-time. We discuss
the implications of our research in the following.

Interactive systems that mitigate selective exposure can lever-
age our multimodal data approach, such as EEG and eye-tracking
metrics, to foster a balanced and diverse information consump-
tion. Yet, one limitation of our work is that we propose a research

Lo
w

 A
gr

ee
m

en
t

H
ig

h 
A

gr
ee

m
en

t

0 2 4
Theta ERS Variation to Baseline

Figure 5: Density ridgeline plot showing the distribution of
mean Theta ERS/ERD in the parietal region for Low Agree-
ment and High Agreement conditions, calculated over the
1000–1500ms time window. Median values and 80%/95% cred-
ible intervals are displayed.

method using eye tracking and EEG, two metrics that are not com-
mon within consumer devices. However, researchers can use our
method to study the degree of selective exposure within interactive
systems in near real-time. Furthermore, the multimodal integration
of EEG and eye tracking is becoming more dominant in virtual
reality devices, which commonly contain eye tracking sensors and
can be extended by EEG electrodes and other peripheral physiolog-
ical measures [1, 5]. In future work, we will evaluate our approach
in immersive environments with consumer sensors in integrated
virtual reality systems. Overall, we envision recommendation al-
gorithms to adapt and reduce the reinforcement of echo chambers
and encourage exposure to attitude-inconsistent information, ulti-
mately reducing the spread of one-sided information and reducing
susceptibility to misinformation and disinformation. For example, a
chatbot can cognitively augment the user’s sense of disinformation
by sensing selective exposure in real-time and providing alterna-
tive views when reading news. Cognitive augmentation has been a
recurring theme in HCI research and should be studied extensively
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Figure 6: Event-related theta response for low and high agreement conditions. The shaded region (1000–1500 ms) marks the
analysis window, where we found moderate evidence of greater theta synchronization with high agreement.

when being used to reduce exposure to disinformation [19, 28].
To this end, our work contributes to the realization of bias-aware
systems as proposed by Boonprakong et al. [2] in the context of
HCI.

The development of systems that modulate selective exposure
raises significant ethical concerns. Imposing diverse viewpoints
without user consent might lead to perceived coercion, undermin-
ing trust in bias-aware systems [21]. Designers of these systems
must ensure transparency by clearly communicating how and why
content is adapted. Additionally, for future work it is important to
address the potential biases introduced by algorithmic interven-
tions, as they may disproportionately affect users with specific
cognitive or ideological profiles.

5 Conclusion
Our exploratory study suggests theta band power changes during
news reading might contribute to an operationalization to detect
selective exposure. We combined EEG and eye tracking with natu-
ral reading behavior to address methodological limitations of self-
reporting and artificial reading tasks. In a preliminary study with
five participants reading news from various political spectrums,
we found moderate evidence for theta power as a predictor for
high agreement with consumed information. Consequently, theta
power is a promising metric for assessing selective exposure in real-
time for interactive systems. Although our systematic approach
requires laboratory hardware in experimental environments, we
are confident that consumer devices will integrate EEG and eye
tracking in future devices (e.g., virtual reality headsets). This lays
the groundwork for future research to examine individual differ-
ences in theta responses and explore additional neurophysiological
and gaze markers to develop robust metrics for detecting selective
exposure during real-world information consumption.
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