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Figure 1: The Evaluated Immersive Egocentric Network Layouts: (A) Cube: Encodes ego–alter connection strength using depth
along the Z-axis. (B) Cylindrical: Uses radii of semi-cylinders centered on the user to represent ego-alter connection strength.
(C) Radial: Immersive extension of a radial layout common in desktop environments, centered at the user’s feet. (D) Spherical:
Encodes ego-alter connection strength via radii of spheres centered on the user.

Abstract
Egocentric networks focus on a focal node (ego) and its neighboring
alters, emphasizing local sub-networks rather than the whole graph.
On traditional desktops, such visualizations su�er from clutter as
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networks grow, whereas immersive environments o�er added spa-
tial depth and embodied interaction. We explore how to design
egocentric network layouts for these spaces. We �rst identify es-
sential design properties and dimensions tailored to immersive
environments. Based on these, we design four layouts–Cube, Cylin-
drical, Radial, and Spherical–that vary across design dimensions.
We evaluate these layouts in a user study with 24 participants com-
pleting egocentric analysis tasks. Our study suggests that Cube
performed well for tasks focused on ego-alter connection strength.
In contrast, Spherical was more e�ective for understanding alter

���
���

���
���

���
���

���
���

���
	�


���
	��

���
���

���
���

���
���

�
�
���

���
��	

���
���

���
���

���
���

https://orcid.org/0009-0003-5613-610X
https://orcid.org/0000-0002-6382-2752
https://orcid.org/0000-0002-2813-1972
https://orcid.org/0000-0002-5095-7500
https://orcid.org/0000-0003-4527-4905
https://orcid.org/0000-0001-6754-7834
https://orcid.org/0000-0001-9414-9911
https://orcid.org/0000-0002-3344-9694
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3822518.3830041


https://doi.org/10.1145/3822518.3830041




SUI ’26, October 10–11, 2026, Bari, Italy Takahira et al.

Figure 2: Design Dimensions for Egocentric Network Layouts in Immersive Environments: The red node represents the ego,
green nodes are 1st-degree alters, and blue nodes are 2nd-degree alters. (D1) Alter strength can be encoded along the -�. axes,
radial axis, or depth, either with or without a shared reference plane. (D2) Viewpoint assumptions vary from �xed to �exible.
(D3) Spatial layout dimensionality ranges from 2D to 3D. (D4) Primary exploration mode can be either egocentric or exocentric.

increase cognitive load due to the challenges of navigating and
interpreting complex 3D structures [10, 23].

3.2.4 Primary Exploration Mode (D4). Layout design in immersive
environments typically emphasizes either an exocentric view or an
egocentric view as the primary exploration mode [53, 57] (Fig. 2-
D4). The exocentric view provides an external, global perspective,
enabling users to grasp the overall structure at a glance. This view-
point supports a strong sense of scale and helps users build an initial
mental model, with the ability to zoom in for detailed inspection as
needed. However, additional navigation may be required to exam-
ine speci�c subnetworks or node-level details closely. In contrast,
the egocentric view places the user inside the network, o�ering a
�rst-person perspective that �lls their �eld of vision. This immer-
sive setup emphasizes subnetworks immediately surrounding the
user, allowing focused inspection with minimal occlusion [53]. To
explore the broader network, however, users must navigate across
di�erent areas. Prior work suggests that egocentric views can re-
duce cognitive load by enabling users to focus on one subregion
at a time and improve memory recall through embodied spatial
cues [57]. Both views are widely used in VR-based network visu-
alization [34, 53–55], each o�ering advantages depending on task
and exploration phase.

3.3 Immersive Layouts of Egocentric Network
Building on the desirable properties ( P1 , P2 ) and the design di-
mensions, we introduce four immersive layouts for egocentric
networks—Cube, Cylindrical, Radial, and Spherical—for further ex-
ploration (Fig. 3). In selecting and designing these layouts, we
considered the unique potentials of immersive environments, par-
ticularly the use of spatial depth and �exible, viewpoint-driven
navigation. These a�ordances create new opportunities to rethink
egocentric network layouts beyond the limitations of traditional
2D representations. At the same time, we ensured that the selected
layouts collectively span a broad range of combinations across the
four design dimensions, enabling comparative analysis in the subse-
quent user study. Following conventions from prior visualizations

such as target diagrams [8, 44], we do not display the ego node or its
links to 1st alters, reducing visual clutter; �rst- and second-degree
alters are instead distinguished visually. In the following layout
descriptions, we de�ne the �oor as the -/ -plane and the vertical
axis as . , assuming a standing user in an immersive space.

3.3.1 Cube Layout. The Cube layout encodes ego–alter connection
strength along the / -axis in 3D space. It begins with a 2D force-
directed layout on the -. -plane (Fig. 3-A1), after which nodes are
repositioned along the / -axis based on their connection strength
to the ego; stronger connections appear closer to the user’s initial
viewpoint (Fig. 3-A2). Because nodes are distributed across multiple
depth layers without a shared reference plane, users must interpret
depth without anchored depth cues when viewing from the front.
The user is positioned outside the network, o�ering an exocentric
perspective that reveals the overall structure. This layout encour-
ages �exible exploration from multiple angles, such as side views
(-/ or ./ planes), allowing users to interpret connection strength
through both horizontal and vertical positioning rather than relying
solely on frontal depth cues.

3.3.2 Cylindrical Layout. The Cylindrical layout is a curved vari-
ant of the Cube layout, wrapped around the user along the . -axis at
their initial position (Fig. 3-B1). It begins with a 2D force-directed
layout on the -. -plane, which is then bent semi-cylindrically
around the user. To encode ego–alter connection strength, each
node’s radial distance from the . -axis is adjusted; nodes closer to
the axis represent stronger ties (Fig. 3-B2). Unlike Cube, the Cylin-
drical layout is optimized for a �xed viewpoint, reducing occlusion
by curving the network around the user. However, this limits side
views, so users must rely primarily on frontal depth cues to assess
connection strength.

3.3.3 Radial Layout. The Radial layout adapts the widely used
2D radial layout for egocentric networks [8, 37, 44] to immersive
environments (Fig. 3-C). Nodes are positioned on the �oor (-/ -
plane) using the radial layout algorithm by Brandes et al. [8], with
concentric circles centered on the user’s initial position. Each node’s
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Figure 3: The Four Proposed Layouts: (A1) Front view of Cube Layout. (A2) Side view of Cube Layout. (B1) Front view of
Cylindrical Layout. (B2) Side view of Cylindrical Layout. (C) Top view of Radial Layout. (D) Side view of Spherical Layout.
Across all layouts, 1st alters are colored green, and 2nd alters are colored blue. The orange arrows denote the direction of the
encoded value. The human �gure illustrates the user’s initial viewpoint in immersive environments.

radial distance from the center represents its connection strength
to the ego. This layout restricts node positions to �xed distances
from the center, which limits placement �exibility and can lead
to occlusion or link crossings. Because the network surrounds the
user in 360 degrees, only a subnetwork is visible at a time. However,
anchoring nodes to the �oor provides a depth reference, aiding in
depth perception. Users can also move vertically to obtain a top-
down view, e�ectively replicating the traditional 2D radial layout.

3.3.4 Spherical Layout. The Spherical layout arranges nodes using
a spherical force-directed algorithm, positioning them within a 3D
sphere centered on the user’s initial location (Fig. 3-D). Ego–alter
connection strength is encoded by each node’s radial distance from
the center, with stronger ties placed closer to the user. This design
is inspired by the Ego-Bubble layout proposed by Sorger et al. [53],
but di�ers in two key ways: the radial distance re�ects connection
strength, and a spherical force-directed algorithm is employed to
preserve clustering patterns. Unlike 2D force-directed layouts, the
spherical algorithm allows greater �exibility in node placement and
creates a fully immersive 360-degree network view. The layout is
optimized for a �xed central viewpoint, minimizing occlusion from
that position. Because the user is situated “inside” the network, they
cannot view the entire structure at once.

3.3.5 Other Layouts. We conducted internal tests on various lay-
out candidates and selected four—Cube, Cylindrical, Radial, and
Spherical—for further evaluation. These layouts were chosen for
their ability to clearly expose trade-o�s across the identi�ed design
dimensions and to e�ectively leverage key a�ordances of immersive
environments. During the design exploration, we tested layouts
that encoded ego–alter strength along the - or . axes by �rst plac-
ing nodes on a plane using a 2D algorithm and then displacing
them along one axis. However, these approaches resulted in severe

visual clutter from the initial viewpoint and made poor use of the
depth dimension. We also explored a cone-shaped variant of the
radial layout, similar to cone trees [49], which encoded strength in
depth and helped reduce link crossings when users adjusted their
viewpoint. Despite this bene�t, it sacri�ced the clarity provided
by an anchored plane, making strength assessment more di�cult.
We ultimately selected the conventional Radial layout instead, as it
was the only candidate employing anchored depth encoding and
served as a comparative baseline, re�ecting the common approach
for egocentric network visualization in desktop settings.

4 User Study
We conducted a user study to examine user performance across dif-
ferent immersive egocentric network layouts. This study received
approval from the Institutional Review Board at Hong Kong Uni-
versity of Science and Technology and proceeded only after the
subjects signed consent forms.

4.1 Tasks
Our user-study tasks are grouped by the focus of egocentric net-
work analysis: Tasks 1 and 2 target ego–alter connection strength,
Tasks 3 through 6 target alter topology, and Task 7 combines both
dimensions, requiring participants to consider connection strength
and topology simultaneously. These tasks are grounded in previous
research on egocentric networks [1, 25, 46, 50, 53, 60] and general
network task taxonomies [36], aligning with our desirable proper-
ties P1 (strength) and P2 (topology) described in Section 3.1.

P1 Task 1: Identify Alter with Highest Strength to Ego. Par-
ticipants select the 1st alter with the strongest connection to the
ego, which is typically located near the initial viewpoint but not
necessarily the closest.
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Figure 4: (A) Highlighted nodes by a raycaster. (B) Highlight-
ing of nodes using a halo e�ect. (C) Response menu for the
counting tasks. (D) Result and resume menu.

P1 Task 2: Identify Alter with Lowest Strength to Ego. From
three randomly highlighted 1st alters, participants identify the one
with the weakest connection to the ego (Fig. 4-B). We limited the
selection to three nodes based on pilot testing to ensure task feasibil-
ity. As weaker connections tend to lie farther from the participant,
this task requires assessing distant nodes.

P2 Task 3: Identify Alter with Most Neighboring Nodes. Among
the three highlighted nodes, participants select the one with the
most connections to other alters, including both 1st and 2nd alters.
This task re�ects the identi�cation of central nodes within the alter
network; as in Task 2, the choice was limited to three nodes.

P2 Task 4: Find Common Neighbor. Participants identify a com-
mon neighbor between a randomly highlighted node pair. This task
supports topology understanding of the alter network, requiring
participants to either observe multiple nodes simultaneously or
recall their connections. To ensure consistent di�culty, each high-
lighted pair shares between three and six common neighbors.

P2 Task 5: Count 2nd Alters. Participants count the 2nd alters
connected to a randomly highlighted 1st alter. This task empha-
sizes identifying nodes that expand the network beyond immediate
connections [25, 60]. Unlike Task 3, it focuses on the connections
of a single 1st alter. The highlighted 1st alter is linked to one to six
2nd alters, a range chosen to ensure task feasibility. Participants
submit their answers using an interactive panel (Fig. 4-C).

P2 Task 6: Count 1st Alter Clusters. Participants count the clus-
ters formed by 1st alters, where a cluster is a group of mutually
connected nodes. The number of clusters ranges from two to four.
This task is critical for understanding the ego’s social context and
its role in bridging di�erent groups [2, 47]. Among the topology-
related tasks, it requires the broadest view, as participants must
observe the largest number of nodes simultaneously.

P1 P2 Task 7: Identify Common Neighbor with Highest Con-
nection Strength to Ego. Participants select the common neigh-
bor with the strongest connection to the ego from among those
shared by two highlighted nodes. This task combines Task 1 (strength
assessment) and Task 4 (common neighbor identi�cation), requiring
simultaneous evaluation of both connection strength and network
topology. It provides insight into how users integrate positional
and topological cues. As in Task 4, the highlighted node pair shares
between three and six common neighbors.

4.2 Evaluation Metrics
We assessed participant performance using task completion time,
accuracy rate, and movement distance in the immersive space. Com-
pletion time was measured from task start to response, which in-
volved clicking a node (Tasks 1, 2, 3, 4, 7) or selecting an answer
panel (Tasks 5, 6). Movement was recorded as the total camera
travel distance. We also collected qualitative feedback through a
questionnaire and a semi-structured interview.

4.3 Experiment Design
We conducted a within-subjects study comparing the four layouts
(Cube, Cylindrical, Radial, and Spherical), which span diverse design
dimensions. To minimize learning e�ects, each participant was as-
signed a unique network dataset for each layout. Since computing
optimal node positions for each dataset was time-consuming, we
used the same dataset across all tasks within each layout, focus-
ing the comparison on layouts rather than tasks. Each participant
completed 28 tasks (4 layouts � 7 tasks).

4.3.1 Dataset. We used synthetic datasets derived from a widely
studied co-authorship network [43], commonly employed in ego-
centric network analysis. To balance realism with experimental
control, we referred to the structural properties of the larger ego
networks in the source dataset, which feature edge densities of
10–30%, 20–40 �rst-degree alters, 30–60 second-degree alters, and
2–4 clusters among the 1st alters. Using these ranges as a reference
and con�rming task feasibility through pilot testing, we �xed each
dataset at 60 nodes—one ego, 30 1st-degree alters, and 29 2nd-degree
alters—with an edge density of approximately 20% and two to four
clusters among the 1st-degree alters. Ego–alter strengths were as-
signed across ten discrete levels, while all 2nd alters were given a
constant, lower strength to re�ect their secondary analytical role.

4.3.2 VR Environment. The VR environment was built with A-
Frame [56], Three.js [12], and d3.js [7], and ran in a web browser.
Nodes and links used Three.js sphere and cylinder geometry with
uniform size, and were placed within a depth range that remained
perceptually e�ective from the initial viewpoint. The system ran
at 80 FPS on Meta Quest 2 headsets. Participants navigated the
environment using both physical movement and virtual controls.
The left joystick enabled omnidirectional “�ying” based on headset
orientation, while the right joystick supported vertical movement.
Following A-Frame’s default behavior, real-world physical move-
ment was directly re�ected in the virtual space at a 1:1 scale via
headset position tracking. We observed that pilot participants often
returned to their starting viewpoint. Therefore, we provided a reset
button for quick repositioning. We recorded the total camera travel
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distance as a single combined metric aggregating three components:
physical walking, controller-based navigation, and the discrete repo-
sitioning produced by each reset. Because a reset instantly relocates
the camera to the starting viewpoint, it adds travel distance without
any corresponding bodily e�ort. We therefore interpret movement
distance as an aggregate indicator of overall navigation activity
rather than a measure of physical e�ort, and complement it with
qualitative observations of how participants moved. Interaction
with nodes was done via raycasters from both controllers. When a
ray intersected a node, it turned yellow (Fig. 4-A), and pressing the
trigger con�rmed the selection. Further details on the implemented
layout speci�cations, including sizes, angles, node dimensions, and
movement speeds, are provided in the supplemental materials.

4.3.3 Participants. We recruited 24 participants for the study. Their
VR experience varied: 8 participants had no experience, 10 had low
experience, 5 had moderate experience, and 1 had high experience;
none reported very high experience. Familiarity with 3D games,
which may relate to spatial navigation, varied as well: 5 participants
had no experience, 8 had low experience, 3 had moderate experi-
ence, 2 had high experience, and 6 had very high experience. Most
participants had limited experience with network visualization: 8
had none, 7 had low experience, 4 had moderate experience, 2 had
high experience, and 3 had very high experience.

4.3.4 Experiment Protocol. After signing a consent form and com-
pleting a demographic questionnaire, participants were introduced
to egocentric network concepts (e.g., ego and alters) using printed
handouts, which also explained each task with 2D node-link di-
agrams and the layouts’ encoding methods with VR screenshots
(see supplemental materials). Before the main tasks, participants
wore the VR headset and explored the immersive environment. The
tutorial included practice with selecting highlighted nodes, clicking
menu windows, and navigating via physical and controller-based
movement, following the instructors’ guidance. For this phase, we
used a 3D force-directed layout distinct from those in the main
experiment. Participants completed the tasks for each layout in an
order counterbalanced by a Latin square design to mitigate order
e�ects such as fatigue or learning. During the tasks, participants
could ask questions, but instructors only referred to information
covered in the tutorial to prevent unintended guidance. Acciden-
tal selections could be canceled and the task resumed (Fig. 4-D),
with completion time and movement data recorded continuously
without reset. After completing all tasks for each layout, partici-
pants removed the headset and �lled out a questionnaire. Once all
four layouts were tested, they ranked their preferences and took
part in a brief interview. Each session lasted about 80 minutes, and
participants received $10 as compensation.

4.4 Guiding Questions
Based on the layout design dimensions, task characteristics, and
prior research reviewed in Section 2, we developed the following
guiding questions along with our expectations:

GQ1: Which layouts support accurate and e�icient assess-
ment of ego–alter connection strength, and which hinder
it? This addresses property P1 . We expect Radial, with anchored
depth encoding, to facilitate accurate strength assessment. While

Cube uses non-anchored encoding from the initial viewpoint, it
also allows side-view inspection, making it e�ective. In contrast,
Cylindrical and Spherical may impair depth perception due to the
lack of a reference plane, potentially hindering performance.

GQ2: Which layouts facilitate accurate and e�icient identi-
fication of alter topology? This addresses property P2 . Under-
standing topology requires minimizing node and edge occlusion.
We expect the Spherical, with minimal spatial constraints and oc-
clusion, to perform well. In contrast, Radial, which �attens nodes
onto a 2D plane and imposes strict layout constraints, is likely less
e�ective for topological tasks.

GQ3: Which layout best supports simultaneous understand-
ing of strength and topology? This question explores how lay-
outs perform when tasks require both P1 and P2 . Since layouts
may excel in one aspect but not the other, we aim to identify which
layout o�ers the best balance for integrated tasks.

GQ4: Which layouts are most and least preferred by users?
Beyond task performance, user experience matters. Viewpoint-
optimized, exocentric layouts tend to reduce discomfort such as
motion sickness; we expect Cylindrical to be most preferred.

GQ5: How do user strategies di�er across layouts? In Cylindri-
cal and Spherical, users can complete tasks with minimal movement,
relying mainly on head motion due to good visibility from the start-
ing point. In contrast, Cube and Radial require more movement and
frequent viewpoint adjustments to resolve occlusions and interpret
positional encoding.

5 Result
We analyzed task accuracy, completion time, movement distance,
and subjective feedback from the user study. For each task, we
assessed di�erences among the four layouts with an omnibus test
followed by pairwise post-hoc comparisons for the six layout pairs�4
2
�

= 6. Because accuracy is a binary outcome in a within-subjects
design, we used Cochran’s Q test for the omnibus comparison and
McNemar’s exact test for the pairwise comparisons. Completion
times and movement distances, being continuous, were analyzed
with the Friedman test followed by Wilcoxon signed-rank tests.
All pairwise comparisons used a signi�cance level of U = 0�05
with Bonferroni correction (U = 0�05�6 = 0�0083). Subjective rat-
ings (1–5) were aggregated by score frequency, with scales aligned
so that 1 indicated the least favorable response (e.g., low visual
clarity, high motion sickness) and 5 the most favorable (e.g., clear
layout, low physical e�ort). Layout preferences were summarized
by counting how often each layout was ranked in each position.
Task performance results are shown in Fig. 5, with 95% con�dence
intervals. Subjective ratings appear in Fig. 6.

5.1 Understanding Ego-Alter Strength
Task 1 yielded high accuracy rates for all layouts, with Radial per-
forming perfectly (100% accuracy), aligning with our expectations
in GQ1. Completion times showed no signi�cant di�erences. How-
ever, Spherical and Radial required less movement. We observed
that users could complete the task using head movements and vi-
sual scanning from the starting position. In contrast, users in the
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Cylindrical and Cube layouts often moved around to inspect nodes
from multiple angles.

In Task 2, the accuracy rates were higher for the Cube (96%) and
Radial (100%), both of which allow �exible viewpoint adjustment,
compared to the more constrained Cylindrical and Spherical (71%
each). The overall di�erence in accuracy was signi�cant (? = �003),
although no pairwise comparison survived Bonferroni correction.
These �ndings support GQ1, suggesting that layouts providing
an e�ective viewpoint can enhance the assessment of connection
strength, while those relying solely on multi-plane depth perception
result in lower accuracy. Although overall di�erences in completion
time and movement distance were signi�cant, pairwise compar-
isons did not yield signi�cant layout-level di�erences. However,
among the two most accurate layouts, Radial required substan-
tially less movement (180m) than Cube (401m), a gap even more
pronounced than in Task 1. In Cube, with nodes distributed across
multiple planes, users had di�culty judging depth and often moved
laterally to verify distances. P20 noted, “Relying on one perspective
is a little bit deceiving. I can kind of double-verify it in that way.”

5.2 Understanding Alter Topology
In Tasks 3 and 4, all layouts yielded high accuracy, but Cylindrical
and Spherical enabled faster completion and less movement due to
reduced occlusions and optimized viewpoints. These results sup-
port GQ2, suggesting that these layouts facilitate e�cient topology
comprehension. Users typically completed the tasks near the start-
ing point, relying on head movements and visual scanning rather
than active navigation.

In Task 5, although di�erences were not statistically signi�-
cant, the Spherical achieved the highest average accuracy, with the
Cylindrical close behind. Both are 3D layouts with low occlusion
from the initial viewpoint, which may have aided perception of the
2nd alters positioned farther from the user. Given the small e�ect,
this o�ers weak support for GQ2. In contrast, the Radial had the
lowest accuracy and signi�cantly longer completion times, due to
its constrained planar structure limiting topological clarity.

In Task 6, the overall di�erence in accuracy was signi�cant
(? = �003), and pairwise comparisons showed that Cube and Spheri-
cal yielded signi�cantly higher accuracy than Radial (? � �0083).
Completion times were comparable for Cube and Spherical, while
Radial was signi�cantly slower, likely due to its constrained layout,
which made cluster structures di�cult to perceive. Interestingly,
Cube and Spherical also showed the highest movement distances
(1062m and 900m). While high movement in Cube was consistent
with earlier tasks, the increase in Spherical is notable. As per GQ5,
this indicates di�ering task strategies across layouts: to grasp over-
all topology, many participants in Spherical transitioned from an
egocentric to an exocentric viewpoint. As P11 noted, “It’s possible
to view all nodes in the Spherical layout from the initial position, but
it was challenging to memorize cluster shapes, and I often lost track
of counted clusters when they moved out of sight.”

5.3 Understanding Strength and Topology
Task 7 required participants to identify a common neighbor with
the highest strength to the ego, combining ego–alter strength and
alter topology, addressing GQ3 (integrated task). Accuracy was

Figure 5: The Results for Mean Accuracy Rate, Completion
Time (seconds), and Movement Distance (meters): The con�-
dence intervals indicate a 95% con�dence level for the mean
values. Dashed lines signify signi�cance in the pairwise tests.

generally lower than in single-focus tasks (Tasks 1 and 4), indicat-
ing increased di�culty, but the Cube maintained relatively high
accuracy. Many users approached the task step by step, �rst iden-
tifying topology from the front view and then shifting to a side
view to assess strength, resulting in the largest average movement,
signi�cantly more than the other layouts. In contrast, the Spheri-
cal and Cylindrical, optimized for �xed viewpoints, showed more
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Figure 6: Subjective Feedback Results: Ratings of 1–2 indicate negative responses, and 4–5 positive ones, centered on a neutral
rating of 3. Layout preference percentages re�ect the proportion of participants selecting each layout as their top choice.

pronounced accuracy drops, highlighting their limitations for inte-
grated analysis.

5.4 Subjective Ratings
We analyzed participants’ subjective ratings, focusing on those who
gave positive (4 or 5) or negative (1 or 2) scores (Fig. 6).

Ease of Comprehension. Participants generally found strength
encoding via depth intuitive across all layouts. Many understood
that closer nodes indicated stronger ties to the ego even before
tutorial explanations. P15 remarked, “The closer nodes represent
closer friends.” Cylindrical and Cube received the highest ratings for
ease of understanding (92% and 75% positive, respectively), with
participants noting that having all nodes in front made strength
relationships easy to perceive.

Visual A�ractiveness. Spherical and Cylindrical were preferred
for their visual appeal, largely due to their clean initial viewpoint
and minimal visual clutter. Several participants highlighted the
immersive experience of being surrounded by nodes in the Spherical
as a key factor in its appeal.

Physical Movement and Comfort. Radial and Spherical, both
o�ering 360-degree views, were seen as the most physically de-
manding, despite the highest movement distances occurring in
Cube. In Cube, participants often walked or sidestepped, which felt
natural, whereas in Radial and Spherical they remained stationary
while rotating, causing greater fatigue and motion sickness. As P6
noted, “Remaining stationary while rotating was more disorienting
and physically uncomfortable than moving around.”

Overall Preference. Cylindrical (42%) and Cube (29%) were the
most preferred layouts, addressing GQ4 (layout preference). Par-
ticipants appreciated Cylindrical for its minimal occlusion, wide
visibility from the initial viewpoint, and reduced need for body
rotation. In contrast, Radial was the least preferred, owing to its
frequent rotation requirements and low visual clarity.

6 Discussion
Our study reveals how egocentric network layouts a�ect user per-
formance and experience across key analytical tasks, from which
we derive design guidelines. The guidelines are bounded by our
study conditions and o�ered as informed suggestions.

6.1 Implications from Task Categories
P1 Use Anchored Depth Encoding for Accurate Ego-Alter
Connection Strength Assessment. Encoding connection strength
via depth is most e�ective when nodes share a single reference plane.
As demonstrated by the Radial, anchored depth encoding enables
accurate judgment of ego–alter strength, even for distant nodes.

P1 Support Multi-Angle Viewing to Improve Depth Judg-
ment. Layouts distributing nodes across multiple planes (e.g., Cube)
bene�t from multi-angle viewing. While non-anchored depth en-
coding can impair distance perception, multi-angle observation
helps verify spatial relationships and improves accuracy. Incorpo-
rating viewpoint adjustment tools, such as rotation or repositioning
widgets, can further support non-anchored depth encoding.

P2 Spherical Layout is E�ective for Localized Topology Tasks.
The Spherical layout e�ectively supports topology tasks through its
�exible node distribution and reduced occlusion in 3D, aided by an
optimized initial viewpoint. It is well suited for exploring local net-
work regions, such as �nding common neighbors or counting 2nd
alters. However, its reliance on an egocentric perspective can limit
tasks requiring a comprehensive network view. When users needed
to count 1st alter clusters, they had di�culty recalling spatial rela-
tionships across di�erent regions, leading to greater movement and
longer completion times. This aligns with prior research indicating
that exocentric views o�er better support for memory and spatial
understanding in overview tasks [32]. Orientation aids, such as an-
notations or spatial markers, can mitigate this limitation by helping
users maintain spatial awareness.
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P2 Avoid Using Radial Layout for Topology Tasks. The Ra-
dial layout is generally inadequate for topology tasks due to its
restrictive placement constraints, frequent node occlusion, and edge
overlaps. These limitations hinder the accurate interpretation of
network structures. For topology-focused analysis we recommend
exploring more �exible 3D layouts than Radial.

P1 P2 Cube Layout O�ers a Balance for Combined Tasks. The
Cube layout o�ers a good balance between representing ego–alter
strength and network topology, leading to higher accuracy in com-
plex, combined tasks. Users often approach these tasks sequentially,
�rst examining topology from the front and then strength from
side views, achieving e�cient and accurate performance at the
cost of considerable movement. Designers can account for this by
supporting easy viewpoint manipulation or layout transitions to
reduce user e�ort and enhance usability.

Participants Prefer Layouts with Less Occlusion and an Exo-
centric View. The Cylindrical layout ranked highest in subjective
evaluations, praised for its low visual clutter, minimal movement
requirements, and ease of grasping the overall structure. The Cube
layout was also well-received due to its similarly exocentric per-
spective, which aligns with preferences found in previous stud-
ies [32, 40]. In contrast, users found the Spherical layout to be more
physically and cognitively demanding, reporting higher cognitive
load and stress, which contradicts some earlier �ndings [57].

6.2 Implications for Design Dimensions
D1 Balance Strength Encoding with Topology Clarity. A key
�nding highlights the trade-o� between e�ective ego-alter con-
nection strength encoding and expressive topology representa-
tion. While connection strength to nearby alters is generally easy
to assess, distant nodes are harder to judge, especially with non-
anchored depth encoding that hampers depth perception. Con-
versely, anchored depth encoding improves depth clarity but limits
spatial layout �exibility. Layouts supporting multi-angle viewing
(e.g., Cube) help navigate this trade-o�, letting users shift perspec-
tives and integrate strength and topology cues.

D2 Consider Fixed Viewpoints When Multi-Angle Viewing is
Less Critical. Optimizing the initial viewpoint involves a trade-o�
between clarity and �exibility. Layouts with �xed viewpoints, such
as the Cylindrical and Spherical, reduce occlusion and allow quick
grasp of topological structures with minimal movement, suiting
topology-focused tasks. However, this advantage comes at the cost
of limiting multi-angle exploration. For tasks requiring con�rma-
tion from di�erent perspectives, such as assessing distant nodes’
depth or grasping full network topology, we recommend opting for
layouts that enable multi-angle exploration.

D3 Leverage 3D Layouts in Immersive Environments. Our
�ndings show that 3D layouts support intuitive navigation and
reduce occlusion through natural movement, even for VR novices,
enabling clearer task-relevant views. While 2D layouts in VR sim-
plify depth perception and o�er a familiar, desktop-like experience,
they underutilize 3D space, resulting in lower task accuracy, e�-
ciency, and user preference. For networks comparable to those we

studied, we therefore recommend prioritizing 3D layouts in immer-
sive environments. For substantially smaller or sparser networks,
where occlusion matters less, simpler 2D layouts may su�ce or
even be preferable, a trade-o� that remains to be veri�ed.

D4 Align View Mode with Task Types. Choosing between ex-
ocentric and egocentric views depends heavily on the analytical
goals. Exocentric views are generally preferred for comprehensive
overviews and reduced motion sickness. In contrast, egocentric
views, as in Spherical, arrange nodes around the user, reducing
occlusion and enabling rapid, sequential inspection of subnetworks.
However, these bene�ts must be carefully weighed against limita-
tions like fatigue from stationary rotation and di�culty viewing
the entire network simultaneously.

7 Limitations
Network Diversity and Dynamics. Though derived from real
co-authorship data, our ego-networks were modest in size, narrow
in density, and static. Since network size a�ects performance [23],
denser or larger graphs would introduce more occlusion and clutter;
Spherical, with its spacious arrangement, may better accommodate
them, though this remains unveri�ed. Real-world analysis also often
involves multiple egocentric networks or temporal dynamics [33,
37, 60]. Future work should test how our �ndings extend to larger,
denser, and dynamic settings.

Participant Expertise. Although our tasks mirror common ego-
centric network analysis tasks that experts perform, our partici-
pants were not domain experts. Analysts’ exploration strategies
and work�ows are strongly shaped by domain-speci�c goals and ex-
pectations about network structure [3]; experts may thus prioritize
di�erent cues or navigate di�erently, a�ecting both performance
and layout preferences. The applicability of our �ndings to profes-
sional contexts remains to be veri�ed with experts.

Confounding of Design Dimensions. The four layouts di�er
along multiple design dimensions simultaneously. This holistic com-
parison evaluates complete, coherent designs as used in practice,
but prevents isolating any single dimension’s e�ect; performance
di�erences should therefore be attributed to layouts as a whole
rather than to individual design choices.

8 Conclusion
This study identi�ed desirable properties and design dimensions for
visualizing egocentric networks in immersive environments. Draw-
ing on these insights, we proposed four novel layouts: Cube, Cylin-
drical, Radial, and Spherical. We evaluated these layouts through a
user study with 24 participants performing representative egocen-
tric network analysis tasks. While no single layout proved univer-
sally optimal, Cube was particularly e�ective for assessing ego–alter
connection strength, whereas Spherical was more e�ective for con-
veying alter topology. The study also revealed how layout design
shapes users’ strategies, a�ecting movement, task e�ciency, and
subjective experience. Based on these results, we derived design
guidelines, such as aligning viewpoint optimization with task de-
mands and balancing the clarity of strength encoding against topo-
logical expressiveness. These �ndings contribute to the growing
body of research on immersive network visualization.
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