Comparison of Alpha Wave in Different Stages of Web
Search: An Indicator for Selective Attention

Mahsa Torabi'®, Mahdieh Mirzabeigi***, Javad Abbaspour?
Habib Hadianfard*™, Yashar Moshfeghi®

Abstract

Purpose: This research aims to understand better users' cognitive and
attentional processes during web searches and provide insights for
improving user experience.

Method: This research is fundamental in terms of its objective, quantitative
nature, and casual-comparative data collection method. Data on users' brain
waves were collected using EEG devices at different stages of web search.
The search stages included identifying information needs, query
formulation, reviewing search engine results pages (SERPSs), and relevance
judgment of content pages.

Findings: The results showed that selective attention significantly differs
across various stages of web search. The highest alpha wave activity was
observed during the relevance judgment stage, while the lowest activity was
noted during the query formulation and SERP review stages. These
differences indicate changes in internal and external selective attention
levels at different stages of web search.

Conclusion: Users' external selective attention decreases while their
internal selective attention increases. Conversely, during query formulation
and SERP review, because users quickly need to select relevant items
among words and titles and engage with the search engine's interface, their
external selective attention increases and internal selective attention
decreases. This information can be used to develop more effective and user-
friendly web search technologies and to enhance user experiences in digital
environments.
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Introduction

Web search has become one of the most essential activities in
contemporary digital life, shaping how users access information, solve
problems, and make decisions in online environments. Because search
sessions usually involve large volumes of information, multiple
interface elements, and constant competition among visual stimuli,
users must continuously filter relevant from irrelevant inputs. In this
context, selective attention plays a fundamental role. It allows
individuals to focus on information that is useful for the current task
while ignoring distractions. Understanding how selective attention
changes during different stages of web search is therefore important
not only for cognitive science but also for the design of more effective
search systems and user-centered digital interfaces.

Although attention has been widely studied in psychology and
neuroscience, many conventional methods rely mainly on behavioral
measures and may not fully capture the fast and dynamic nature of
web search behavior. The stages of searching the web are cognitively
different from one another: reading the task, formulating a query,
reviewing search engine results pages, and judging the relevance of
content pages all require distinct attentional demands. For this reason,
electroencephalography (EEG) offers a valuable alternative because it
can measure brain activity in real time. In particular, alpha-band
activity has often been associated with attentional states and cognitive
processing, making it a useful indicator for investigating changes in
selective attention across web-search stages.

Purpose

The purpose of this study was to examine whether selective attention
differs across the various stages of web search and to determine
whether alpha-wave activity can serve as an indicator of these
differences. More specifically, the study aimed to compare attentional
patterns during four stages of search behavior: identifying the
information need and reading the task, formulating the query,
reviewing the search engine results page (SERP), and judging the
relevance of content pages. By doing so, the researchers sought to
better understand the cognitive processes involved in online searching
and to provide findings that could contribute to improving the
usability and effectiveness of web-search technologies.
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Method

This research was conducted as a quantitative, fundamental, and
causal-comparative study. The participants were graduate students
from Shiraz University who were selected purposively, based on the
assumption that they possessed relatively strong search skills. The
sample consisted of 12 participants, and the study included both male
and female users within the age range of 22 to 36 years.

To collect neural data, the researchers used a LiveAmp EEG
system with a 64-channel cap and a sampling rate of 250 Hz. EEG
electrodes were positioned according to the 10-20 international
system. Participants completed web-search tasks in Google using the
Chrome browser, while their brain activity was recorded continuously.
The search process was divided into several stages, including reading
the task, formulating the search query, reviewing search results, and
evaluating the relevance of retrieved pages.

The recorded EEG signals were exported in EDF format and
processed using MNE-Python. Preprocessing steps included channel
removal, band-pass filtering from 1 to 45 Hz, independent component
analysis (ICA) for artifact removal, baseline correction, and power
spectral density estimation using the multitaper method. The alpha-
band relative power was then calculated. To test whether selective
attention varied across stages, the researchers used repeated-measures
analysis of variance (ANOVA).

Findings

The results showed that selective attention differed significantly
across the stages of web search. Alpha-wave activity was not constant
during the search process, but instead varied according to the
cognitive demands of each stage. The highest alpha activity was
observed during the relevance judgment of content pages. In contrast,
the lowest alpha activity appeared during query formulation and SERP
review.

These findings suggest that attentional focus changes in
meaningful ways as users move through different parts of the search
process. The researchers interpreted the higher alpha activity during
relevance judgment as reflecting stronger internal selective attention,
which may occur when users are evaluating and comparing
information more deeply. On the other hand, the lower alpha activity
during query formulation and SERP review was interpreted as
reflecting greater external selective attention, because users must
attend closely to words, titles, snippets, and interface elements while

Librarianship and Information Organization Studies, 37(1), Spring 2026



rapidly selecting relevant cues from the screen.

In other words, the findings indicate that search behavior is
cognitively dynamic. Some stages require more inward-focused
evaluation, while others demand outward-directed scanning and
selection. This pattern demonstrates that the attentional demands of
web search change from one stage to another rather than remaining
stable throughout the task.

Conclusion

This study concludes that selective attention is stage-dependent during
web search and that alpha-wave activity can be used as a meaningful
indicator of these attentional shifts. When users judge the relevance of
retrieved content, internal attention appears to increase, whereas
during query formulation and SERP review, external attention
becomes more prominent. These results provide evidence that the
cognitive processes underlying web search are more complex than can
be captured by simple behavioral measures alone.

From an applied perspective, the findings may help designers and
researchers develop more user-friendly search interfaces, improve
information-retrieval systems, and support more effective digital
interactions. By identifying how attention changes across search
stages, the study contributes to a deeper understanding of user
behavior in online environments and offers a foundation for future
research on cognition, attention, and human-computer interaction.
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