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Abstract
First-visit supermarket shopping is a demanding case of non-visual indoor wayfinding. Blind and
low-vision shoppers must make sense of functional zones, work through repetitive aisles, and confirm
shelf areas while also dealing with queues and checkout. We use retail wayfinding to describe
how movement, in-store search, and shelf-level confirmation are coupled. Retailer-held 2D layouts
and product placement data can support verbal guidance, but many dynamic, sensory, and social
conditions remain outside these data. We outline a requirement-driven mixed-methods study with
52 blind and low-vision participants: 30 in Study A, 30 in Study B, with eight participants taking
part in both. Audio-recorded dialogue, verbal route descriptions, observer-coded event traces, and
post-task interviews will be used to examine how shoppers request spatial information, confirm
progress, and manage uncertainty from store-level orientation to shelf-level confirmation. The
expected output is an initial coding matrix showing what needs to be represented, at what scale,
and when confirmation or assistance becomes necessary in non-visual retail wayfinding.
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1 Introduction

Large indoor environments are difficult to navigate without vision because spatial information
has to be selected, timed, and confirmed while the traveller is moving. Classic work describes
non-visual wayfinding as problem solving around decision points, route knowledge, and
uncertainty [18, 15], while guidance studies show that the form of spatial information affects
cognitive load [7]. For blind and low-vision travellers, being on the correct path is therefore
only part of the problem. Guidance also has to be understandable, confirmable, and able
to support re-orientation when the perceived environment no longer matches the expected
route [20, 6]. This paper focuses on first-visit supermarket shopping as a specific case of
non-visual indoor wayfinding. A shopper enters with a list, moves between functional zones,
searches within aisles, narrows down relevant shelf areas, and eventually reaches checkout.

As Figure 1 suggests, this recurrent task-chain can describe shopping more generally.
The non-visual problem lies in how shoppers understand each stage, confirm progress, and
re-establish orientation when expected cues are missing or unclear. Supermarkets make this
harder because repetitive aisles and changing shelf displays make orientation unstable, while
other customers affect where it is safe to stop, search, or ask for help.
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Figure 1 Recurrent shopping process and scale transitions during a first-visit supermarket task.
The cycle is not unique to blind and low-vision shoppers; the paper focuses on the non-visual
representation requirements that arise when this cycle has to be completed without visual access.

We use retail wayfinding to denote wayfinding in retail spaces where navigation is tightly
coupled with in-store search and shelf-level confirmation. This definition builds on non-visual
wayfinding and verbal route description research [18, 2], and responds to recent studies
of grocery navigation, product descriptions, and shopping support for visually impaired
people [14, 12, 3, 11]. In this setting, decision points are not only geometric locations such
as aisle entrances. They also occur at functional moments in the shopping task: deciding
whether an aisle is relevant, where to begin shelf-level search, or how to confirm that the
relevant category area has been reached. Recent indoor navigation systems have made
progress in positioning, semantic guidance, infrastructure-light interaction, and floor-plan-
based support [21, 5, 10, 8]. Yet many still frame success as reaching a destination or
point of interest. Supermarket guidance raises a more specific GIScience question: how can
store structure and retailer-held spatial data be translated into information that supports
non-visual shopping decisions?

Rather than presenting a completed navigation system, this paper asks which retail
elements need to be represented, at which scale, and for which stage of a non-visual shopping
task. We expect uncertainty to become especially visible at scale transitions, such as from
store-level orientation to aisle-level travel, and from aisle-level travel to shelf-level confirmation.
Some requirements may be represented from 2D layout and product placement data, while
others require dynamic sensing, human knowledge, or interaction. The contribution is a
requirements-focused study design with an initial coding matrix linking task stage, information
need, spatial representation, and likely data source.

2 Background and Related Work

2.1 Wayfinding without vision
Research on wayfinding without vision shows that visually impaired travellers can acquire
spatial knowledge, but the process depends strongly on how information is structured and
timed. Passini and Proulx conceptualise wayfinding as problem solving around decision
points, while Loomis, Klatzky, and Golledge connect non-visual navigation to route know-
ledge, landmarks, and spatial language [18, 15]. Montello’s account of spatial knowledge
acquisition is also useful here, because it distinguishes procedural route knowledge from
broader configurational understanding [16]. In the orientation and mobility sense, support
should therefore do more than compute a path: it should help the traveller maintain position,
heading, relevant cues, upcoming decisions, and ways to re-establish orientation when an
expected cue is not found [22, 23, 4].



X. Zhou and S. Timpf 27:3

2.2 Verbal route descriptions and non-visual guidance
Verbal route descriptions (VRDs) are valuable because they reveal how spatial information is
selected and structured for action. They can include landmarks, distances, surfaces, sounds,
object relations, and re-orientation cues. Balata’s work on verbal route descriptions for non-
visual navigation shows that such descriptions are richer than simple turn-by-turn commands
and often contain information that supports orientation and confidence [2]. Recent work on
dynamic indoor environments further suggests that verbal descriptions need to respond to
movable objects, people, and changing local conditions [1].

In supermarkets, this matters because a useful instruction may need to explain why an
aisle is relevant, where local search should begin, and which cue can confirm the right shelf
segment. VRDs therefore offer not only a guidance modality, but also an empirical window
into shopping-relevant spatial cognition.

2.3 Assistive indoor navigation and grocery shopping
Accessible indoor navigation systems have improved considerably, especially in positioning,
semantic features, infrastructure-light interaction, and smartphone-based map interpreta-
tion [21, 5, 10, 8]. Studies of real-world use further show that visually impaired travellers
adapt common navigation technologies to situated needs, rather than simply following pre-
computed routes [6]. Yet many systems still treat success mainly as reaching a destination
or a point of interest. This framing is only partly adequate for supermarket shopping. A
shopper may reach the correct department and still struggle at the shelf, because category
boundaries, shelf organisation, prices, and packaging cues remain uncertain.

Recent work on grocery navigation, product descriptions, and wearable shopping assistance
addresses this gap from complementary directions [14, 12, 3]. Grocery navigation studies
show how mobile guidance can support store movement, product-description work clarifies
what information is needed to distinguish similar items, and wearable assistance highlights
the difficulty of shelf-level recognition in dense scenes. The last-few-metres problem is
relevant because uncertainty often appears close to the target, where local confirmation and
object interaction become necessary [20]. What remains open is how blind and low-vision
shoppers connect store layout, functional zones, sensory cues, and product search during an
unfamiliar trip. We address this as a representation problem rather than another positioning
or product-recognition system.

3 Retail Wayfinding as a Distinct Problem

Supermarket retail wayfinding is not reducible to indoor wayfinding plus product identification.
Instead of following one route to one destination, the shopper completes a list through repeated
cycles of moving, searching, confirming, and re-orienting. Reaching the right zone is useful,
but it is not enough if the shopper cannot decide where to begin searching, how to confirm
the relevant category or shelf area, or how to re-establish orientation when the expected shelf
arrangement is not found [14, 12, 3]. Retail wayfinding is therefore used here as a spatial
representation problem, not just a task label. The difficulty comes from doing list-based
shopping in repetitive shelf spaces, where product categories can be ambiguous and conditions
change with carts, displays, restocking, and crowding [17].

Retailer-held spatial data make this distinction concrete. A 2D floor plan can represent
entrances, checkout areas, aisles, cross-aisles, and broad functional zones, while product
placement data indicate where categories or items are expected to be. Together, these data
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can support store overviews, zone-level routing, and some aisle-level guidance. However, they
rarely capture shelf-level accessibility, temporary obstacles, crowding, sound masking, or
local confirmation cues. The research problem is therefore to determine which parts of the
shopping task can be represented from stable spatial data, and where non-visual guidance
needs sensing, human knowledge, or interaction.

4 A Requirements-Oriented Framework for Retail Wayfinding

We use a requirements-oriented framework to translate supermarket shopping episodes
into spatial representation requirements. It links shoppers’ needs to supermarket structure
and verbal guidance implications, while keeping the focus on representation rather than
system architecture. When a shopper asks a question, hesitates, requests confirmation, or
reconstructs a route after the task, this mapping helps identify what spatial knowledge was
needed and whether it could plausibly be derived from retailer-held data. The framework is
an initial coding lens to be refined through the empirical study.

Supermarkets are treated as functional spatial systems, from entrances and checkout
areas to aisles, shelf segments, and points where shoppers confirm progress. These elements
operate across store, zone, aisle, and shelf scales. Uncertainty often increases when shoppers
move from travelling to searching or from searching to confirming.

Table 1 summarises this mapping as an initial coding matrix. The four requirements
provide a working lens derived from prior work on non-visual wayfinding, verbal guidance,
cognitive load, in-situ navigation technology, last-few-metres wayfinding, and remote sighted
assistance [18, 7, 2, 6, 20, 13]. In the empirical study, the table will be refined into a task-stage
by need matrix linking each episode to the spatial representation required at that moment.

5 Planned Study and Coding Approach

Subject to ethical approval, the study will be conducted in June–July 2026 in unfamiliar
supermarkets with 52 blind and low-vision adults. Study A will involve 30 participants in an
in-situ shopping task, while Study B will involve 30 participants in a complementary verbal
description and post-task reconstruction task; eight participants will take part in both. This
partial overlap connects the two components without treating them as one repeated-measures
experiment.

In Study A, participants will locate predefined product categories from different functional
zones and then move toward checkout. The store will be checked in advance only to ensure
that these target categories are present and can be encountered in plausible shelf areas; no
exact product choice is prescribed. A human guide will act as a proxy for future non-visual
guidance, prioritising participant requests and safety-critical interventions over unsolicited
route planning. The guide may confirm that a participant has reached the relevant category
area or intervene for safety, but will not identify a specific product as the correct purchase.
Guide-initiated statements and participant-initiated requests will be coded separately. The
aim is not to test product recognition or exact item selection, but to identify what spatial
and semantic information becomes necessary from store-level orientation to category-level
search and shelf-level confirmation.

The study will combine audio-recorded in-situ dialogue with verbal route descriptions,
observer-coded event traces, and short post-task interviews. Event traces will be logged as
time-stamped episodes, covering the main transition points from entry orientation to checkout.
These traces do not evaluate route optimality; instead, they show where participants moved
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Table 1 Initial coding matrix linking non-visual needs, spatial knowledge, representational basis,
and verbal guidance implications in supermarket shopping.

Need Spatial knowledge
needed

Representational
basis / likely data
source

Verbal guidance im-
plications

Safety Safe corridors, reliable
boundaries, safe stop-
ping points near search
locations [18, 7, 6]

2D geometry + optional
dynamic updates

Edge-following cues,
clearance cues, safe
pause points before
search [2, 6, 14]

Control Preferred pacing; avail-
able clarifications per
task stage [9, 6, 13]

Task-stage model + dia-
logue state + user pref-
erences

User-driven queries; pro-
gressive disclosure; re-
peat/rewind; transition
cues for local search [9,
6, 13]

Understanding Zones and relations; an-
chors relevant to shop-
ping (checkout, entrance,
service counter) [16, 21,
8]

2D plan + semantic zon-
ing

Short store overview; an-
chor references; bound-
ary references between
adjacent zones [21, 8, 19]

Confidence and
re-orientation Confirmation cues at

aisle entrances, shelf
ends, and category
boundaries under aisle
ambiguity [20, 2, 1, 14]

Topology + decision-
point model + cue hier-
archy from VRDs

Confirmation checks;
conditional return cues;
aisle-identity confirma-
tion [20, 2, 1, 13]

smoothly and where uncertainty or assistance became visible. Interviews will ask participants
to reconstruct the trip and identify trusted cues, moments of uncertainty, and situations
where assistance became necessary.

The analytical unit will be an event episode: a bounded segment of dialogue or movement
around a task-relevant spatial action. Each episode will be coded by task stage, need type,
cue type, spatial scale, decision context, assistance source, and likely data source. Task
stages include entry orientation, zone targeting, aisle traversal, shelf-level search, shelf-area
confirmation, re-orientation, and checkout. Cue types include structural, semantic, tactile,
auditory, olfactory, and social cues. Decision contexts distinguish geometric decision points
from functional ones, such as choosing where to begin a shelf search. The resulting matrix
will compare what participants asked for in situ, what they reconstructed after the task, and
which environmental features were represented by 2D layout or product placement data. The
main analytical task is to move from recorded interaction to representation requirements:
identifying stable coding categories, overlaps, and cases where sensing, human knowledge, or
interaction remains necessary.

6 Conclusion

Retail wayfinding frames first-visit supermarket shopping as more than destination-based
indoor navigation. The shopping cycle itself is not unique to blind and low-vision shoppers.
What is specific is the need to represent movement, in-store search, shelf-level confirmation,
and re-orientation in forms that can be understood and confirmed without visual access.
The framework developed here relates shoppers’ needs to supermarket structure and to the
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limits of retailer-held 2D layout and product placement data. The planned mixed-methods
study with 52 participants provides the empirical basis for refining this framework. Its main
analytical task is to turn the recorded dialogue, route descriptions, event traces, and post-task
reconstruction into a coding matrix for task stages, spatial scale, assistance, and confirmation.
This matrix makes the data comparable across what participants request in situ, what they
remember after the task, what can be represented from stable retailer-held data, and what
depends on dynamic sensing or human knowledge. By focusing on this transition from
observed shopping behaviour to representation requirements, the paper supports later work
on verbal guidance, spatial data modelling, and non-visual supermarket navigation support.
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