Understanding How Trace Visualizations
Influence Exploration Behaviors in VR

Understanding how the end users, ordinary citizens, experience designed public spaces is fundamental in the field of urban design. Virtu-

al Reality (VR) technologies significantly enhance the ease of evaluating public space designs by creating virtual simulations. This allows
users to immerse themselves more deeply in the space compared to traditional screen-based presentations. However, the true experience
of space design only occurs once it is physically constructed. Designers still face challenges in effectively investigating how citizens might
interact with the future space. In evaluating public space designs, one obstacle is that users can only provide feedback based on individual
experiences, lacking knowledge of how others have perceived or used the space, which contrasts with the real world situations where people
experience and perceive public spaces with the association with how others’ experiences.

Main take-aways

Trace visualizations have been used to analyze user behaviors. Visualizing traces of previous users unlocks possibilities of enhancing curi-
osity and meaningful exploration of the space, which could inspire more association about use scenarios and a deeper understanding of the
spatial properties, and eventually benefit the evaluation outcomes.

This project explored the influences of visualizing human traces on users’ explorative behaviors in virtual reality space. We started with con-
ducting interviews with urban designers to understand the utilization of traces in the processes of public space design and their perspectives
regarding implementing trace visualizations to support public space design evaluation. Insights from the interview informed the selection of
traces for the experiment including user pathways, gathering situation, full-body motion, and space atmosphere. Subsequently, we integrated
trace visualizations into a VR shopping street and conducted the experiment with 20 participants to evaluate the impacts of each trace visual-
ization on user exploration. The outcomes from interviews and operational activities undertaken by participants revealed exploration patterns
associated with each type of the trace visualizations and related findings concerning user perceptions of the trace visualizations. The project
concluded with the implications for implementing trace visualizations in VR environments and the limitations of the research.

Trace visualizations
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Follow and jump between lines

Users may naturally followed the lines and
exhibited a tendency to continue exploration by
transitioning between lines. When approaching
the end of a line, users promptly assessed their
interests in the end point. If uninterested, they
would directly jumped to a neighboring line.

Compare line directions

When there were other lines intersecting the
pathway users are following, users may pause
and compare the directions of the traversing
lines, inspecting the environmental context
before moving.

Directly move towards endpoints

Users closely examined the trails of lines and
sought the endpoints of the lines before moving

Compare heatmap intensity

Motivated by the limitation of the first-person
view, users frequently paused to compare
different sections of the heatmap before moving
to the next position

Avoid approaching

Users may intentionally avoid stepping onto the
heatmap and observe in a distance.

Observe while moving

Rather than specifically approaching 3D
characters, users swiftly examined the
characters' actions and moved forward,
indicating a natural exploration approach akin
to travelers in the real world

Stop to look around

Users frequently stopped moving to examine
the overall environment. This behavior aimed
not only to understand the global atmosphere
but also to identify gathering places.

Move towards motion traces

Users directly move to the motion trace they
were interested in, conducting extensive
observation of each surrounding trace and
virtual object in close proximity. When there
were no traces presented in a close range,
users navigate based on space structures.

Orderly exploration

Users explored by following the space
structure. Each time participants encountered
a 3D character, they paused and examined its
motion

Directly move towards bubbles

Users approach the bubbles directly due to the
attraction of the visualization itself, as it can
stimulate association regarding positive
emotions or atmosphere, which ignites the
passion for interacting with the bubbles.

Compare bubbles

Users frequently stop moving and observe
multiple bubbles, which is likely due to the fact
that users try to decipher the meaning of the
visualization through comparing different
bubbles

Avoid approaching

Users intentionally avoided approaching the
bubbles because it brings distractions.
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(Guide users to tailored routes

Lines naturally encourage users to follow them, leading
users to be drawn more towards the surroundings
throughout the entire process of following a line

Designers can leverage this characteristic to guide users
along specific tailored routes, rather than emphasizing
specific points of interest.
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ﬁHelp find hard-to-detect places

Single lines traversing through less detected areas
evoke curiosity and are visually more indicative.

(Teleportation disrupts perception )

Teleportation seems to disrupt the continuity of the
users' perception of the line. Users may misinterpret a
single line as multiple different parallels.

Designers can present multiple pathways by using
distinct colors. Also, instead of applying gradient
effects, using shapes (e.g. footprint, arrow, etc.) to
avoid misperception.
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(Match the available user pathways)

Users would experience frustrations when they fail to
teleport to locations where trails of lines pass.

Designers can apply this arrangement to facilitate users
to discover places that are visually blocked by facilities.

Lines will likely not trigger curiosity if users can directly
’ identify the end points from their standing positions.

can comprehensively survey the entire space without
movement

(Not use lines in small spaces ﬂ

L Line is not well-suited for small open areas where users

(Heatmap is suitable for small areas)

The inability to grasp the entire heatmap at once
prompted participants to take more actions to compare
the heatmap intensity.

can view the heatmap without obstructing other objects
and reduce heatmap transparency to minimize

t Assigning the heatmap to a higher layer to ensure users

distraction.
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CEmphasize space ambiance
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Full-body motion visualization enhances users'
empathy for evaluating the space usage and inspired
more imagination about usage scenarios.

Designers might use less active animations for 3D
characters to convey the ambiance of the space while
preventing users from being overly distracted by their
actions.

Emphasize space usage )

Users may focus more on 3D characters’ actions and
| the objects they interact with.

Designers may apply full-body motion visualization in a
way that emphasizes functions of specific spatial
properties and the potential user interactions afforded
by them. For instance, assigning full-body motion
visualization to facilities and highlight intended use
situations, thereby enhancing users' spatial awareness.

ﬁLess intrusive visual enhancer )

The presence of the bubble visualization enhanced the
impact of the full-body motion visualization by implying
the emotional states of the 3D characters.

Designers can employ visual enhancers in a similar
fashion of the bubble visualization, on 3D characters or
locations, to illustrate intended atmosphere; Citizen
users can also use it to signify the vitality level they
aspire to experience in different locations.

Designers should assign areas available for teleportation
based on the positioning of line trails.
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Encourage exploration mindset
Users may focus on identifying the actions of previous

users instead of treating lines as social cues for
| supporting exploration.

environment over analyzing previous users' actions

Designers should emphasize experiencing the
before the evaluation session.

CHigher level of granularity
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Heatmap becomes less informative when evenly
distributed since users will perceive multiple places as
similarly important.

Enhancing the granularity of the heatmap to align with
the actions of individual users, rather than representing
aggregated gathering situations. )

(Be consistent with the environmenD

Users tend to shift their focus towards the heatmap
rather than the surrounding environment when the
heatmap becomes visually more prominent than the
material textures in the environment

Designers should adjust the heatmap color and
transparency to be less conspicuous than the material
textures in the environment

CMatch transparency to lighting )

The presence of 3D characters with transparency
appear to be lighter in sunny areas while becoming
more visible in shadowy areas.

Designers should adjust transparencies of visual
elements according to the environmental lighting
conditions or use alternative visual elements. Designers
may also intentionally utilize this feature to emphasize
objects in shadowy areas.

While bubbles are able to attract user attention directly

FLowering bubble's visual layer

due to its’ placement in a visual layer higher than other
objects, it is difficult to perceive their distances.

The visualization should be put in a visual layer lower
than the material elements of the environment.
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lemmlze distractions D

Bubbles cause distractions because it occupies a large
proportion of users’ visual areas and appear in a position
higher than the floor, which induce a misperception
about users being able to collide with the bubbles

Designers may further reduce the flowing effect
frequency and blur the boundaries of the bubbles.
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