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Abstract

[Purpose] This study investigates users’ focus of attention and its changes during
pedestrian navigation, examines the applicability of the think-aloud method for
studying user information behavior in outdoor real-world environments, and pro-
vides improvement suggestions for mobile map applications from the perspective
of user focus. [Method] Three pedestrian navigation experiments were designed
in outdoor real-world environments, requiring users to think aloud while oper-
ating. [Results] During pedestrian navigation, users paid more attention to
the search system than to external information; throughout the navigation pro-
cess, users showed high attention to the display of search system results, while
their primary focus on external information before, during, and after walking
exhibited a shift from “environmental conditions-location-destination condi-
tions.” [Limitations] Data were manually segmented into three time periods,
which involves unavoidable errors. [Conclusion] The think-aloud method is
suitable for user interaction research in outdoor real-world environments; op-
timizing map functions based on both the external information users focus on
and the search system itself can provide users with a better user experience.

Full Text
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Abstract

[Objective] This study investigates users’ attentional focus and its changes dur-
ing pedestrian navigation, examines the applicability of the think-aloud method
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for researching user information behavior in real outdoor environments, and pro-
vides improvement recommendations for mobile map applications from a user
attention perspective.

[Methods] We designed three pedestrian navigation experiments in real out-
door environments, requiring participants to think aloud while operating their
devices.

Results During pedestrian navigation, users exhibited greater attention to the
search system than to external environmental information. Throughout the
navigation process, users showed high attention to search result displays, while
their primary focus on external information shifted from “environmental condi-
tions” to “location” and finally to “destination situation” across the pre-walking,
mid-walking, and post-walking phases.

[Limitations] Manual division of data into three time periods introduces un-
avoidable errors.

[Conclusions] The think-aloud method is applicable for user interaction re-
search in real outdoor environments. Optimizing map functionality from the
perspectives of both external information and the search system itself can en-
hance user experience.

Keywords: Think-Aloud Method; Pedestrian Navigation; Awareness

Introduction

With the proliferation of smartphones, mobile map applications have become
essential tools for daily travel. According to data from the BigData-Research
Data Center, mobile map navigation software exhibits high usage rates, with
59.7% of users using it frequently and 38.6% occasionally. Among mobile map
functions, route navigation, location search, and public transportation queries
are the three most commonly used features [1]. Since interactivity represents a
key aspect of map functionality [2], studying user-map interaction behaviors is
crucial for enhancing map functionality. During interaction with mobile maps,
users consciously or unconsciously attend to information from either the map
or their surroundings to facilitate interaction. Therefore, investigating users’
attentional focus during map usage is significant for understanding user-map
interaction behaviors and improving map functionality.

Based on map spatial cognition theory [3], users navigating and locating desti-
nations attend to and utilize maps to acquire, recognize, memorize, and employ
spatial information for decision-making and action guidance. The user-map in-
teraction process involves complex perceptual, representational, memory, and
thinking activities. When users verbalize their thoughts during task comple-
tion, a close connection is established between thinking and speech [4]. As a
method for studying complex information processing and thinking processes [5],
the think-aloud method enables researchers to study users’ thought processes
or cognitive psychology through their verbalizations. Also known as the think-
aloud protocol or verbal protocol method, it requires participants to vocalize
their ongoing behaviors and thoughts during information seeking. Researchers
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record these utterances using audio equipment to understand user thinking and
analyze behavioral motivations [6]. Given that complex thinking activities ac-
company user-map interactions, using the think-aloud method to study atten-
tional focus during these interactions is feasible.

2.1 The Think-Aloud Method

Research on the think-aloud method itself focuses on its introduction and pro-
motion, validity verification, and comparative studies with other methods or
different think-aloud variants. Originating in psychology, the method was first
proposed by Duncker et al. [7] in 1945 and was later introduced and promoted
in other fields at the turn of the 21st century. During its early adoption in
information science, numerous studies addressed the method’ s concepts and
procedures [8], and it gained prominence across various subfields of information
science. In human-computer interaction research, the method’ s value for under-
standing user cognitive processes received full recognition [9] and became widely
promoted.

In validity verification studies, scholars examined whether the method affects
certain populations’ work performance, such as working time and efficiency [10],
to explore its effectiveness for specific user groups. Think-aloud methods have
several variants, primarily including traditional think-aloud, active listening
think-aloud, and active intervention think-aloud, distinguished by the experi-
menter’ s role throughout the process. In traditional think-aloud, experimenter-
participant interaction is minimal, with the experimenter only reminding partic-
ipants to continue thinking aloud after prolonged pauses, without engaging in
conversation. In active listening think-aloud, the experimenter plays an interme-
diate role. Since participants often use filler words to indicate thinking during
pauses [11], experimenters can repeat participants’ last statements with ques-
tioning intonation to maintain naturalness similar to normal communication
[12]. Active intervention think-aloud involves deeper experimenter-participant
interaction, with experimenters questioning participants about their think-aloud
content to understand the purposes or reasons behind behaviors and thoughts
[13].

Due to these variations, comparative studies of different think-aloud types have
become a research focus, including comparisons between traditional and in-
structed think-aloud [14], and between concurrent think-aloud (thinking while
performing tasks) and retrospective think-aloud (thinking after task comple-
tion) [15], aiming to understand how different think-aloud types affect task
performance.

2.2 Application of Think-Aloud Method in User Interaction Research

In user interaction research, scholars have focused on using think-aloud to study
information seeking behavior, product usability evaluation based on users, and
interactive interface design. User information seeking behavior research typi-

chinarxiv.org/items/chinaxiv-201711.01933 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01933

ChinaRxiv [$X]

cally employs traditional think-aloud, conducted in laboratory settings where
search topics or tasks are designed. Participants are required to search for
needed information while verbalizing their operations and thoughts, which are
recorded by experimenters who remind participants to continue thinking aloud.
These studies are often combined with other data collection and analysis meth-
ods, primarily applied to: (1) research on user information seeking strategies
and processes, exploring strategies and processes when users search for specific
information online to build theoretical models [16]; (2) research on cognitive pro-
cesses of information seeking, examining web browsing behavior patterns and
analyzing cognitive dimension influencing factors [17]; (3) research on factors
affecting information seeking behavior, analyzing influences on different popu-
lations’ information seeking behaviors [18] or impacts of different task types on
user information seeking behavior [19].

Research on product usability evaluation and interactive interface design primar-
ily employs active listening and active intervention think-aloud. These studies
involve participants using products or operating on interfaces while thinking
aloud, with experimenters asking questions about operations or utterances, such
as “What operation are you performing?” or “Why did you do that?” [20] to
gain deeper understanding. In usability evaluation, users employ think-aloud
to evaluate specific products (websites, software, etc.), analyzing product de-
velopment factors from the user perspective to provide improvement basis [21].
In interactive interface design research, think-aloud is used in specific interac-
tive systems, such as clinical computer systems and online shopping website
interfaces, to analyze how different interfaces affect user experience or work
performance, thereby informing design [22-23].

Currently, think-aloud research on user interaction behavior primarily focuses
on web information search behavior, with few studies examining mobile map
navigation behavior or attentional focus during pedestrian navigation. There-
fore, this study focuses on using think-aloud to investigate attentional focus
during pedestrian navigation.

Methodology

Route navigation is one of the three most frequently used mobile map functions
[1]. As a type of route navigation, pedestrian navigation helps users locate des-
tinations on foot, providing daily convenience and thus being frequently used.
This study designed three pedestrian navigation tasks to investigate user behav-
ior:

1. Starting from Wuhan Shopping Mall, search for and walk to the highest-
rated Hubei cuisine restaurant nearby.

2. Starting from Fuke Mall in Wuhan, search for and walk to the Wuhan
Taiyangshen Modern Health Center (Xudong Branch).

3. Starting from the entrance of Wuhan New World Department Store
(Xudong Branch), search for and walk to the TEENIE WEENIE brand
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store in that mall.

All three tasks were conducted in real outdoor environments. Thirty university
students experienced with Baidu Maps were recruited (participants N01-N30).
Each participant independently traveled to the outdoor starting point. The
experiment consisted of four parts: pre-test questionnaire, pedestrian naviga-
tion experiment, post-test questionnaire, and user interview. The pre-test ques-
tionnaire collected basic information about navigation habits before the navi-
gation experiment. The navigation experiment involved completing the three
real-environment navigation tasks. The post-test questionnaire gathered par-
ticipants’ experimental experiences. The interview was conducted online after
all tasks and questionnaires were completed. Since this study focuses on atten-
tional focus during pedestrian navigation, we used the think-aloud data from 30
participants performing three navigation tasks.

3.1 Research Questions

Users attend to map or environmental information to varying degrees during
pedestrian navigation. Therefore, studying their attentional focus and changes
aids understanding of user-map interaction behaviors. Based on this, this study
addresses two main questions: (1) What are users’ primary attentional foci
during pedestrian navigation? (2) How do users’ attentional foci change during
pedestrian navigation?

3.2 Research Methods

(1) Data Collection Method

Numerous data collection methods exist for user information behavior and inter-
action research, including questionnaire surveys, interviews, observation, experi-
ments, and think-aloud methods [24]. Compared to questionnaires, observation,
and experiments, think-aloud enables deeper understanding of user behavior,
offers flexible operation, allows free thinking around specific topics, involves
less experimenter influence than interviews, and is cost-effective—making it ef-
fective for understanding user cognition and behavioral processes. Since this
research was conducted in real outdoor environments, we used think-aloud to
collect user data to deeply understand thinking and cognitive processes. Due to
constraints preventing experimenter-participant interaction during experiments,
we adopted traditional think-aloud to design the experiment and collect verbal
data. During the three navigation tasks, all participants used pre-installed
screen recording software on their phones to record the entire process and oper-
ations. They were required to speak loudly into their phone screens about any
operations or thoughts, recording their map operations and think-aloud content.

(2) Data Analysis Method

Participants’ verbal data during walking were transcribed into text, yielding
745 utterances. Using NVivo 8 content analysis software, we applied grounded
theory’ s hierarchical coding approach. Coding is a process of analyzing, under-
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standing, and defining data. Grounded theory provides three coding methods:
open coding, axial coding, and selective coding [25], which some scholars term
first-level, second-level, and third-level coding [26]. Although Chinese literature
uses different names for these three coding types, their meanings are identical.
To reflect the hierarchical nature of coding in this study, we adopted the “first-
level coding,” “second-level coding,” and “third-level coding” nomenclature to
study users’ primary attentional foci during pedestrian navigation. Additionally,
based on the hierarchical coding results, we divided each participant’ s naviga-
tion duration into three equal parts—early, middle, and late walking stages—and
extracted think-aloud data from each period to examine changes in attentional
focus.

Results
4.1 Primary Attentional Foci in Pedestrian Navigation

(1) Coding Results
First-Level Coding

First-level coding involves labeling any codable sentences or fragments from raw
interview data—a process of breaking down, conceptualizing, and recombining
data [27]. During coding, researchers can choose word-by-word, sentence-by-
sentence, or event-by-event coding [25]. Since participants uttered one or several
sentences during specific time periods, we adopted sentence-by-sentence coding.
To minimize personal bias, we followed previous qualitative research methods
[25], using participants’ original words as first-level codes whenever possible.
When original words could not accurately express concepts, we abstracted rel-
evant nouns or concepts while adhering to the original meaning. After con-
tinuously comparing and summarizing participants’ raw utterances, extracting
concepts, and processing all 745 utterances from 30 participants, we obtained
14 first-level codes, as shown in Table 1 .

Second-Level Coding

Second-level coding involves merging and categorizing first-level codes. For ex-
ample, “indoor temperature” and “weather” were categorized as “environmental
conditions,” representing specific states of temperature, humidity, wind, and rain
that users perceive in outdoor or indoor environments. “Time display,” “distance
display,” and “landmark display” were categorized as “search result display,” rep-
resenting content shown in the result interface after users input queries. After
clarifying internal connections among all first-level codes and merging related
or identical categories, we obtained 8 second-level codes.

Third-Level Coding
Third-level coding involves further determining core categories through induc-
tion, merging, and summarization of second-level codes [25]. During this pro-
cess, we found that users’ attentional foci during pedestrian navigation could
be summarized into two dimensions: “external information” and “search sys-
tem.” “External information” refers to information in users’ real environment,
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including “environmental conditions,” “location,” “time,” “traffic conditions,” and
“destination situation.” “Search system” refers to all information and services
provided by Baidu Maps, including “search result display,” “system prompt
services,” and “system positioning.” Our first-level, second-level, and third-level
codes are shown in Table 2 .

” « ” «

As shown in Tables 1 and 2, users primarily focused on external information
and search system content during pedestrian navigation. Total attention fre-
quency to external information was 99, while attention to the search system
reached 202, indicating greater focus on the search system. Within external
information, “environmental conditions” received the most attention (28 times,
approximately 30% of external information attention), as human senses are sen-
sitive and users can most directly perceive temperature and weather phenomena.
Within the search system, “search result display” received the most attention,
particularly “landmark display,” because map landmarks help users determine
correct directions and choose proper routes.

(2) Coding Consistency Check

In qualitative research, validity can be verified by comparing whether different
analysts independently produce consistent results when analyzing the same data
—i.e., reliability assessment, primarily expressed through inter-coder agreement
indices. Inter-coder agreement refers to the percentage of identical coding cat-
egories out of total categories, calculated as CA = 2S/(T14T2) [28], where S
represents the number of agreements and T1, T2 represent each coder’ s total
codes. CA values approaching 1 indicate higher consistency.

To verify coding consistency, we invited another researcher experienced in qual-
itative analysis but not part of our team to code independently. Since coders
might use different words for identical or similar concepts (e.g., one coded “road
construction situation” while another coded “road condition” for the same ut-
terance), we unified semantically identical codes after independent coding and
discussion. Following this approach, we standardized codes with identical mean-
ings while preserving distinct ones, then calculated inter-coder agreement with-
out changing either coder’ s total count. The resulting inter-coder agreement
index was CA = 0.77 > 0.5, indicating good consistency.

4.2 Changes in Attentional Focus During Pedestrian Navigation

After dividing participants’'verbal data into early, middle, and late walking stages
and conducting coding statistics, Figure 1 [Figure 1: see original paper] shows
that attention to the search system exceeded attention to external information
throughout navigation. We further analyzed second-level codes for “external
information” and “search system” across the three time periods.

Figure 2 [Figure 2: see original paper| reveals that within “external information”
second-level codes, attention to “time”remained relatively stable, while attention
to “environmental conditions,” “location,” and “traffic conditions” decreased
over time, and attention to “destination situation” showed a fluctuating upward
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trend. In the early walking stage, “environmental conditions”dominated external
information attention; in the middle stage, “location” became primary; and in
the late stage, “destination situation” emerged as the main focus. Thus, users’
primary external information attention shifted from “environmental conditions
— location — destination situation.”

Figure 3 [Figure 3: see original paper| shows that within “search system” second-
level codes, attention to “search result display” remained consistently high, peak-
ing in the middle walking stage.

4.3 Discussion of Experimental Results

Analysis of think-aloud utterances from 30 participants using Baidu Maps for
pedestrian navigation, using grounded theory hierarchical coding, reveals atten-
tional foci and their changes.

(1) Attentional Foci and Changes in Pedestrian Navigation

When using mobile map apps for pedestrian navigation, users attend to both
external information and search system content. In the early stage, after con-
firming routes on the map, users develop a general understanding and easily no-
tice surrounding environments when starting to walk. Notably, if participants
previously used public transportation (subway then bus) from the experimental
starting point (Qunguang Plaza) to the shopping mall, they paid more attention
to environmental conditions in the early walking stage because the significant
difference between indoor subway environments and outdoor conditions created
strong sensory impressions.

In the middle stage, users frequently encountered intersections or previously
selected landmarks, requiring location confirmation to determine subsequent di-
rections, thus increasing location information attention. In the late stage, when
near destinations, if maps indicated proximity but users couldn’ t locate des-
tinations due to outdated map information, they focused more on destination
situation, confirming destination orientation and surroundings to verify loca-
tions. Additionally, users often selected prominent place names or buildings
displayed on maps as reference points or landmarks for direction judgment,
making landmark display particularly important throughout navigation.

Throughout pedestrian navigation, attention to the search system consistently
exceeded attention to external information. Moreover, as users approached des-
tinations, the ratio of search system to external information attention increased
from 1.6:1 in the early stage to 2.2:1 in the middle stage and 2.5:1 in the late
stage. This increasing focus on the search system reflects users’ growing con-
centration on map interaction to reach destinations, while decreasing external
information attention reflects reduced environmental influence as map interac-
tion intensified.

(2) Application of Think-Aloud Method in User Interaction Research
Previous think-aloud user interaction research was primarily conducted indoors.
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Based on the Web of Science “Information Science & Library Science” category,
we selected 25 most relevant articles (retrieved April 8, 2017). Among these,
23 studies on user interaction behavior (including search, browsing, and other
interactions with information system interfaces and functions) used think-aloud
methods in indoor environments. For example, the most highly cited study
(191 citations) by Fidel et al. [29] examined high school students’ web informa-
tion search behavior in school computer labs using think-aloud and observation
methods. In the most recent study by Brett et al. [30], think-aloud was used to
collect usability test and evaluation data on the University of Houston Library’
s Primo interface to provide improvement recommendations.

This study applied think-aloud in real outdoor environments for actual search
and navigation experiments using mobile map apps. The research demonstrates
that think-aloud is not limited to indoor user interaction studies but is also ap-
plicable to outdoor real-environment user interaction research, such as mobile
map interaction studies, thus providing examples for future outdoor think-aloud
research. Since think-aloud data collection can be limited by external environ-
mental factors, users might hesitate to think aloud or do so less frequently
without experimenter supervision outdoors. Therefore, when using think-aloud
in real outdoor environments, researchers should provide adequate training, em-
phasizing the importance and necessity of thinking aloud outdoors to overcome
users’ hesitation or concerns. Additionally, before participants depart for out-
door experiments, researchers should ensure normal and smooth data recording
by checking screen recording and audio tools to avoid experimental failure due
to equipment issues. When possible, experimenters can accompany participants,
though they must not guide think-aloud. They can supervise, assist with equip-
ment issues, or use active listening or active intervention approaches to question
participants about operations or thoughts for deeper behavioral understanding.

(3) Recommendations for Enhancing Mobile Map User Interaction
Experience

Based on findings that users paid considerable attention to “environmental
conditions” in the early stage, “traffic conditions” in the middle stage, and “des-
tination situation” in the late stage, we propose corresponding recommendations
for improving mobile map interaction experience.

Since users focused on environmental conditions including temperature in the
early stage, mobile map apps could provide voice reminders or display current
temperature at appropriate interface locations before navigation begins, helping
users prepare mentally or take necessary measures. Since users also focused on
traffic conditions in the middle stage, mobile map apps should update walking
route conditions in real time, promptly alerting users to detours or safety pre-
cautions when encountering traffic jams, congestion, or road construction ahead,
reducing unnecessary detours due to unknown conditions. In the late stage,
users’ increased attention to destination situation stemmed from outdated map
information that failed to remove demolished business information, preventing
destination location. Therefore, mobile map apps should leverage user partic-
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ipation by placing problem feedback entry points prominently in destination
information interfaces and providing rewards for users who report outdated
information, encouraging active participation in database updates to remove
obsolete information and add correct information.
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