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ABSTRACT

Visually impaired individuals often encounter uncertainty and limited autonomy when
navigating complex indoor environments, such as museums, sports centers. While
tactile cues have been proposed as compensatory aids, few studies examine how
tactile guidance influences psychological security and actively motivates exploration
behaviors in such contexts. This research investigates the mechanism by which tactile
interaction supports sense of security, exploration intention, and spatial dominance.
Study 1 employed formative interviews with ten visually impaired participants and
two accessibility designers to extract design needs and key tactile guidance elements.
Study 2 implemented a scaled tactile-guidance system prototype within a simulated
museum environment and collected 227 survey responses to examine how tactile
design influences users’ sense of security, exploration intention, and spatial dominance.
Results show that tactile guidance increases users’ exploration intention and spatial
dominance primarily through sense of security as a key mediating mechanism. This
highlights how emotional reassurance enables tactile cues to support more confident
and self-directed navigation behaviors, offering actionable implications for inclusive
museum wayfinding systems.
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INTRODUCTION

Museums increasingly seek to provide inclusive visitor experiences (Brock et
al., 2023); however, blind and low-vision (BLV) individuals still encounter
substantial barriers in navigation, orientation, and independent exploration
within complex exhibition environments. While accessibility interventions
have traditionally focused on ensuring basic reachability and functional
guidance, recent work suggests that effective wayfinding support must also
address users’ psychological experience, particularly feelings of safety and
confidence in unfamiliar public spaces.

Tactile wayfinding systems—including tactile maps, continuous guidance
strips, vibrotactile feedback, and symbolic textures—offer a promising design
approach for supporting non-visual navigation in museums. Prior research
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has demonstrated that tactile and multimodal interfaces can enhance BLV
visitors’ autonomy and spatial understanding (Ahmetovic et al., 2021).
However, most existing studies remain oriented toward usability outcomes,
leaving the affective mechanisms that motivate exploration and spatial
agency underexplored.

To address this gap, this study investigates how tactile guidance shapes BLV
users’ exploration-related behaviors through an emotional-cognitive pathway.
We propose that tactile guidance does not directly promote exploration, but
rather operates through sense of security as a key psychological mediator.
In addition, we examine whether spatial perception ability moderates the
extent to which tactile cues translate into perceived safety.

Empirically, this study combines a formative qualitative inquiry with a
controlled experimental study in a simulated museum environment. Using
PLS-SEM, we examine how tactile guidance influences security, exploration
intention, and spatial dominance, while also testing the moderating role of
spatial perception ability. Overall, the study contributes design knowledge
for inclusive museum wayfinding by positioning security as a central affective
mechanism underlying tactile navigation and deriving actionable implications
for supporting BLV users’ spatial agency beyond basic passability.

RELATED WORK
Tactile Wayfinding for Blind and Low-Vision Visitors in Museums

Museums are information-rich public environments (Kayukawa et al.,
2023) in which blind and low-vision (BLV) visitors often face barriers to
independent navigation and exhibit engagement. To address this, prior studies
have explored tactile and multimodal wayfinding systems that extend beyond
visual signage, including tactile maps (Wang et al., 2022), audio-supported
navigation, and sensory-based spatial cues. These systems aim not only to
provide directional assistance, but also to support visitors” understanding of
surrounding spatial structures and exhibit contexts.

Recent work in museum accessibility further emphasizes that enhancing
autonomy requires integrating tactile exploration (Avni et al., 2025) and
customizable guidance features (Garcia Vizcaino, 2024), suggesting that
navigation support should also consider experiential and psychological
dimensions of visiting cultural spaces.

Beyond Accessibility: Psychological Experience in Inclusive
Wayfinding

While tactile guidance has often been evaluated through usability and
functional accessibility outcomes, emerging inclusive design research argues
that effective wayfinding should also address visitors’ affective experience—
particularly feelings of safety, confidence, and trust in unfamiliar environments
(Blokland et al., 2025). This aligns with the broader shift from designing
for basic passability toward supporting spatial agency and meaningful
participation.
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Moreover, tactile map design guidelines highlight that predictability,
continuity, and standardized tactile encoding (Wabinski and Touya, 2022)
are critical for enabling users to build coherent spatial representations, which
may serve as a prerequisite for security and exploratory behavior.

Together, these studies motivate the need to examine tactile guidance not
merely as an assistive tool, but as an experiential infrastructure shaping Sense
of Security, and ultimately influencing Exploration Intention and Spatial
Dominance in museum navigation contexts.

RESEARCH MODEL AND HYPOTHESIS DEVELOPMENT

This study proposes a structural model to examine how Tactile Guidance
(TG) influences blind and low-vision (BLV) visitors’ spatial behaviors in
museum environments. Rather than treating tactile wayfinding as purely
functional navigation support, we conceptualize TG as an experiential
infrastructure that shapes psychological and behavioral outcomes through
an affective mechanism. Specifically, the model positions Sense of Security
(SS) as a key mediator linking tactile guidance to both Exploration Intention
(EI) and Spatial Dominance (SD).

Prior museum accessibility research has shown that tactile and multimodal
navigation systems can enhance autonomy and independent mobility for BLV
visitors. However, much of the existing work remains focused on usability
and task performance, leaving the psychological pathways (Avni et al.,
2025) that motivate active exploration less clearly articulated. Extending
inclusive design perspectives that emphasize emotional comfort and trust in
navigation contexts, this study argues that tactile guidance contributes to a
predictable and reliable environmental perception, thereby fostering security
as an action-enabling psychological resource.

Tactile Guidance and Sense of Security

Tactile guidance systems provide structured spatial cues—such as tactile
maps, guidance strips, and feedback nodes—that help users anticipate spatial
continuity and reduce uncertainty. Predictable tactile encoding has been
identified as essential for building coherent non-visual spatial representations
(Trinh et al., 2023). Therefore, we hypothesize:

H1: Tactile Guidance (TG) positively influences Sense of Security (SS).

Moderating Role of Spatial Perception Ability

Individual differences in spatial cognition may shape how effectively tactile
cues are interpreted (Schinazi et al., 2016). Spatial navigation studies suggest
that BLV users adopt heterogeneous strategies depending on their spatial
perception skills. Accordingly, we propose that spatial perception ability
strengthens the effect of tactile guidance on security:

H2: Spatial Perception Ability (SP) moderates the relationship between
TG and SS, such that the effect is stronger for users with higher SP.
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Sense of Security as a Driver of Exploration and Spatial Dominance

Security represents not only an emotional outcome but also a psychological
prerequisite for proactive behavior (Golledge, 1993). Visitors who feel secure
are more likely to engage in exploration and develop a stronger sense of
spatial control. Thus, we hypothesize(see Figure 1):
H3: Sense of Security (SS) positively influences Exploration Intention (EI).
H4: Sense of Security (SS) positively influences Spatial Dominance (SD).
Finally, combining these pathways, the model suggests that tactile guidance
impacts exploration-related outcomes primarily through security:
HS5: Tactile Guidance (TG) positively influences Spatial Dominance (SD).

Tactile Guidance

Spatial Dominance

Sense of Security
“H2

Spatial Perception
Ability

Exploration Intention

Figure 1: Conceptual model of the proposed relationships among tactile guidance,
sense of security, exploration intention, spatial dominance, and spatial perception
ability. Sense of security functions as the key mediating mechanism, while spatial
perception ability moderates the relationship between tactile guidance and sense
of security. A direct path from tactile guidance to spatial dominance was also
tested.

Overall, this research model provides an empirically testable framework
for understanding tactile wayfinding as an affective—behavioral mechanism
supporting inclusive museum experiences.

METHOD

This study employed a mixed-method research design to investigate affective—
behavioral mechanism through which Tactile Guidance (TG) influences blind
and low-vision (BLV) visitors’ exploration-related outcomes in museum
environments (Kayukawa et al., 2023). The overall procedure consisted of
two sequential components: a formative qualitative inquiry (Study 1) and a
controlled experimental study with structural model testing (Study 2) (see
Figure 2).
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Research Question 1 Research Question 2

How do tactile guidance systems enhance How does tactile guidance influence users’
the sense of security of visually impaired sense of security, exploration intention, and

users in museum environments? spatial dominance in museum environments?

l \A
Study 1 Study 2

Identify key experiential variables (security, Verify the proposed model linking tactile
exploration, spatial dominance) through guidance, sense of security, exploration
focus—group interviews with visually - intention, and spatial dominance based on
impaired users and tactile—design experts, a survey with 227 participants.

combined with case analysis of museum

guidance systems.
1 |

1

Study Integration

Study 2 builds on Study 1 findings and empirically
validates the proposed conceptual model.

Figure 2: Overall research framework linking the two study stages, corresponding
research questions, and the logical integration between study 1 and study 2.

Study 1: Formative Inquiry and Construct Development

To ensure the proposed structural model captured BLV users’ lived navigation
experience, Study 1 was conducted as a formative inquiry (Avni et al., 2025).
Focus group discussions were conducted with visually impaired participants
and wayfinding designers to identify key perceptual and psychological factors
associated with tactile navigation (see Figure 3). Findings from Study 1
informed the operationalization of the core latent constructs used in Study 2,
including Tactile Guidance (T'G), Sense of Security (SS), Exploration Intention
(EI), and Spatial Dominance (SD). This approach aligns with inclusive design
research emphasizing, accessibility interventions should be grounded in users’
experiential needs rather than purely functional assumptions (Kayukawa
et al., 2023).

All focus group and interview sessions were audio-recorded with
participants’ consent and transcribed for analysis. To make the
construct development process more transparent, we conducted iterative
thematic coding focusing on recurring experiences related to tactile cue
interpretation, route continuity, decision-point confirmation, perceived
safety, exploratory willingness, and perceived spatial control in museum-
like environments. Case analysis of existing tactile guidance systems
was used to compare how these experiential concerns were addressed
in practice. The convergence of user narratives, expert perspectives, and
case observations informed the proposed relationships and construct
definitions examined in Study 2.
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Individual Code Examples

User A: “| often bump into people or display cases in
museums. If there were tactile path cues underfoot to
signal turns, I'd feel more confident walking further.”

User C: “Feeling that slightly raised strip on the ground
makes me feel at ease—it's like having someone guide
me."

PreliminaryThemes

.
1.Tactile cues enhance
sense of safety
——

FinalThemes/Variables

Perceived Tactile
Guidance

Y

User B: “Scmetimes the audio guide gets too chaotic, 2.Spatial predictability
and I'm afraid I'll take a wrong tum, especially when and lack of control
it's crowded.” \ J

Sense of Security

User E: “If | could know in advance which way the
path ends or that there are no obstacles ahead, I'd
dare to move forward.”

3.Willingness to explore Exploration Intention

and trust-building
—

User F: “| want to feel that sense of *knowing where
I am’ in a space.”

S

Spatial Dominance

4.Multimodal integration
of design cues
—

Designer D: “We've found that visually impaired users
place more trust in “tangible’ cues than in lighting or
voice prompts.”

Figure 3: Focus group discussion and construct extraction process.

Study 2: Experimental Scenario and Procedure

Study 2 was conducted in a simulated museum environment designed as a
controlled tactile wayfinding context. The setting incorporated tactile maps,
continuous guidance strips, vibrotactile feedback nodes (Banaei et al., 2007),
and symbolic tactile textures, corresponding to typical navigation sequences
in museum visits (Khusro et al., 2022). Participants were asked to complete
a structured task flow: entering the space, identifying pathways, locating
transitional nodes, exploring exhibition areas, and returning to the exit. This
workflow provided a consistent contextual basis for assessing psychological
and behavioral responses to tactile guidance.

A total of 227 blind and low-vision participants were recruited through
accessibility service organizations and museum visitor networks. All
participants experienced a unified tactile-guidance condition in the simulated
environment.

To empirically test hypotheses H1-HS, the experimental setting
implemented a structured tactile wayfinding system, including raised
floor guidance strips, wall-mounted relief and Braille signage, vibrotactile
handrails, and audio beacons (National Academies of Sciences, Engineering,
and Medicine, 2025). These elements were designed to support non-visual
orientation, route confirmation, and exploratory engagement.

The environment consisted of four functional zones: an entrance area,
Exhibit Zone A, a transition area, and Exhibit Zone B. The entrance
zone provided tactile maps and floor-texture contrasts to establish initial
spatial understanding. Zone A emphasized continuous tactile guidance
and relief confirmation to enhance Sense of Security (SS). The transition
area incorporated vibrotactile feedback and auditory cues to strengthen
directional reassurance. Exhibit Zone B introduced symbolic tactile textures
intended to reinforce Spatial Dominance (SD) and exploratory motivation
(see Figure 4).
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Tactile Symbolism

Vibrotactile and Auditory
Guidance

Tactile Line

Tactile Pattern

Entrance J;-\r;)a Exhibit Zone A Transition Area Exhibit Zone B
Figure 4: Experimental tactile wayfinding scenarios across four zones in the simulated
museum, illustrating tactile maps, route guidance, multimodal cues, and symbolic
textures.

Participants completed navigation tasks along a predefined route
(“Entrance - Zone A — Transition — Zone B — Exit”), after which they
filled out a structured questionnaire measuring Tactile Guidance (TG), Sense
of Security (SS), Exploration Intention (EI), and Spatial Dominance (SD) for
subsequent SEM analysis.

Measures

All constructs were measured using reflective multi-item scales adapted to the
tactile museum navigation context. TG captured users’ perceived continuity,
reliability, and interpretability of tactile cues. SS assessed the extent to which
participants felt safe and confident during navigation. EI reflected visitors’
willingness to proactively explore, while SD represented perceived spatial
control and agency. Spatial Perception Ability (SP) was included as an
individual-level moderating variable.

Data Analysis Procedure

All data were analyzed using SmartPLS 4.0. Following standard PLS-
SEM procedures (Ringle et al., 2023), the measurement model was first
evaluated through internal consistency reliability and convergent validity,
including Cronbach’s alpha, composite reliability (CR), and average variance
extracted (AVE) (Henseler et al., 2016). Threshold values above 0.70 for
reliability and above 0.50 for AVE were considered acceptable, in line with
established guidelines. The structural model was subsequently assessed to test
hypotheses H1-HS. Path significance and moderation effects were estimated
via bootstrapping with 5,000 resamples (Becker et al., 2018), applying two-
tailed testing at p < .05, consistent with recommended reporting practices for
moderation in PLS-SEM.

Model explanatory power was interpreted using the coefficient of
determination (R2), where values around 0.25, 0.50, and 0.75 may be
considered weak, moderate, and substantial depending on context.
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RESULTS

After validating the measurement model, the structural relationships among
Tactile Guidance (TG), Sense of Security (SS), Exploration Intention (EI),
and Spatial Dominance (SD) were examined using SmartPLS 4.0. Path
significance was assessed via bootstrapping with 5,000 resamples, consistent
with recommended PLS-SEM inference procedures (Becker et al., 2018).

Measurement Model Summary

All constructs demonstrated satisfactory internal consistency and convergent
validity. As shown in Table 1, Cronbach’s o values ranged from 0.872 to
0.913, composite reliability exceeded the recommended 0.90 threshold, and
AVE values were all above 0.74, indicating strong construct reliability at the
measurement level, consistent with established PLS-SEM evaluation criteria.

Table 1: Measurement model quality (o«/CR/AVE).

Composite

Construct Cronbach’s a Reliability (rho_c) AVE

EI(Exploration Intention) 0.878 0.925 0.803
SD(Spatial Dominance) 0.913 0.939 0.793
SP(Spatial Perception) 0.872 0.921 0.795
SS(Sense of Security) 0.884 0.920 0.741
TG(Tactile Guidance) 0.891 0.924 0.754

Structural Model and Hypothesis Testing

Bootstrapping with 5,000 resamples was conducted to evaluate the proposed
hypotheses. Table 2 shows that Tactile Guidance (TG) exerted a significant
positive effect on Sense of Security (SS) (f = 0.505, p < .001), supporting H1.
Sense of Security further predicted both Exploration Intention (EI) (p = 0.518,
p < .001) and Spatial Dominance (SD) (f = 0.586, p < .001), confirming SS
as the mechanism driving exploration-related outcomes. In addition, the
interaction term TG x SP significantly strengthened the TG — SS relationship
(B =0.148, p < .01), indicating a moderating role of Spatial Perception Ability
(SP).In an extended model that additionally included a direct TG — SD path,
tactile guidance showed a significant positive effect on spatial dominance
(B=0.266,t=5.203, p < 0.001).”

Table 2: Bootstrapping results for the baseline structural model.The direct effect of TG
on SD (H5) was additionally tested in an extended model including the TG — SD path.

Hypothesis Structural Path (Original Sample) ~ Std. Dev. t-value  p-value

H1 TG — SS 0.505 0.053 9.567  <.001
H2 TGxSP — SS 0.148 0.056 2.663 =0.008
Control SP — SS 0.118 0.056 2.128 =0.033
H3 SS — EI 0.518 0.051 10.251 <.001
H4 SS — SD 0.586 0.047 12.371 <.001

HS TG — SD 0.266 0.051 5.203 <.001
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Model Explanatory Power

Global model fit indices suggested an acceptable approximation of the
empirical covariance structure. The estimated SRMR was 0.068, below
the commonly reported cut-off of 0.08, while NFI indicated satisfactory
incremental fit (0.866) (Henseler et al., 2016).

Regarding explanatory power, the model accounted for moderate variance
in the endogenous constructs (R? = 0.276 for SS, 0.269 for EI, and 0.343 for
SD), supporting the proposed affective—behavioral pathway in tactile-guided
museum navigation.

Table 3: Model fit indices (smart PLS estimated model).

Fit Index Value Recommended Threshold Interpretation

SRMR 0.068 <0.08 Acceptable model fit
d_ULS 0.096 Lower is better Indicates small discrepancy
d_G 0.032 Lower is better Indicates good overall fit
Chi-square 38.386  Descriptive only in PLS Not primary criterion

NFI 0.866 >0.80 acceptable Satisfactory incremental fit
DISCUSSION

The findings suggest that tactile wayfinding in museums functions not only
as an assistive aid but also as an experiential condition shaping how blind
and low-vision visitors engage with space. Sense of Security (SS) emerged
as the central mechanism through which Tactile Guidance (TG) influenced
exploration-related outcomes. Rather than primarily operating through
direct behavioral activation, tactile cues appeared to enhance environmental
predictability and trust, enabling more proactive spatial engagement. The
moderating role of Spatial Perception Ability (SP) further indicates that
tactile guidance does not operate uniformly across users, as those with
stronger spatial perception skills may derive greater security from tactile
information. Overall, these results suggest that inclusive museum wayfinding
should move beyond basic passability and instead support confidence,
agency, and meaningful participation through continuous and interpretable
tactile environments (Wang et al., 2023).

DESIGN IMPLICATIONS

Based on the validated affective-behavioral mechanism, our findings
suggest that tactile wayfinding systems in museums and cultural public
spaces should be designed not merely to increase navigational information,
but to cultivate a stable Sense of Security as the emotional prerequisite for
confident exploration. Continuous and predictable tactile routes—such
as guidance strips and feedback nodes—can help construct a trustworthy
environment that supports agency and reduces uncertainty (Avni et al.,
2025). In addition, coherent tactile encoding through tactile maps, texture
zoning, and anticipatory node cues can enable visitors to form an overview
of spatial structure before movement, strengthening path understanding and
navigational confidence. Given the moderating role of Spatial Perception
Ability, tactile systems should further provide layered feedback, ranging from
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basic orientation confirmation (e.g., vibrotactile nodes) to richer semantic
textures that support spatial meaning-making and engagement across diverse
users. Finally, inclusive museum navigation should move beyond basic
passability toward fostering spatial dominance and proactive participation,
where multimodal integration of tactile and audio support may enable BLV
visitors not only to navigate safely but also to explore cultural environments
with greater confidence and autonomy (Ahmetovic et al., 2021).

CLOSING PARAGRAPH

In summary, this study demonstrates that tactile wayfinding in museums
shapes exploration-related outcomes primarily through Sense of Security,
with the individual spatial perception ability moderating this mechanism. By
reframing tactile guidance as an affective infrastructure that supports trust,
agency, and engagement, the proposed model offers empirical evidence and
actionable principles for designing inclusive cultural environments in which
BLV visitors can explore with confidence and autonomy.
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