Finding landmarks — An investigation of viewing behavior during spatial navigation
IN VR using a graph-theoretical analysis approach
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Background Results
Spatial navigation is increasingly investigated in complex virtual reality 0 .
(VR) environments using eye tracking. However, classical analysis pooL Do the graphs contain clusters? Gaze-graph-defined landmarks
algorithms do not account for the changed conditions in VR, e.g. R < I We investigate whether the graphs | 10 houses are outstanding in several graph theoretical
freedom of movement, thus, a new analysis method is needed. . ‘*’? contain clusters using the spectral measures and show several characteristics of landmarks.
2 A, graph  partitioning approach. The Therefore, we call them gaze-graph defined landmarks.
Methods ,' results do not reveal any cluster
200 ; . -1 20
; "I 4 patterns, so the city can be treated as
Eye tracking data of 22 participants was Watrix Enfries one for the following analysis. A\ [ P
Fig. 4: The sparsity pattern of the graph’s sorted adjacency 5 s X 7ol B2
measured while they were freely exploring the e foss ot csploy hsters LN R pe '
e e y]c e 1y exp r:g " ) WA (M LS, 1 A rich club of landmarks
V|rtuat C(Ijtyvsa r?veg c;r Thmm }:S'nfsg d i €ad- oy " ) : SRERY. AR The rich club coefficient shows,
mounte eadset. e city Seahaven L7, [ ) e > -
e of 213 1 iy rocionod 1 . Y Pr . o (b : that the 10 high node degree
CONSIStS 0 QUSES ahd was desighed 1o e . : .. Mo _pss .« 103 houses appear most often in a
..___....,..:.;. 8§ 5 & -". . ’ el i 207 ° - 2 .
resembled a small European town. S0 per P2 ) o g 81 T . £ rich club, thus, the gaze-graph-
Fig 1 Experimental sotuy i Fomrrsl ot @ . o (TR, F ek defined landmarks are
"0' . e 5 ° 1° 2 ' : o ’ 5 ;
: e e & Mean Node Degree preferentially connected to
Pre-processin St itk g Q150 of
= ‘ : . ..,...6 . o.... Z STD 0.34
/A""\Q\ o . __-i""'.".- '_.,'. . S & 24_ 0
‘ €§'?§‘\ ®.. i 8 £ .0 ? : : . e ;'; Fig. 7: Graph with houses color/size coded to match the frequenc
(‘A\"&}.((_/A!’%ﬁgﬂg}lw ® 14 . . ® .. ' .. ""2 togoccurinpa rich club ! !
SN e 7 o
,'.w” L}@ }:?\"{'55‘3"{;;?4 !‘:-\\.."4“ %ﬂ;}%iﬂjl‘ ° -37 -85 33 81 29 27 25
%;%/{/QA\?}E@:%Q%%@K@@W ® Hierarchy Index . .
%‘;ﬂﬁ@!ﬁm\!‘-‘! f%’ﬁ]’/ Fig. 6: Node degree distribution over all participants. ‘2 or more IS there d thEOrEtlcal baS|S
//} e = e \'\‘ ‘\‘v; Fig. 5: Gaze graph with node color matching the node degree centrality values. Fig. 7: Hierarchy index distribution over all participants houses
\ ol Pk Nesl I\ I ion?
et e for triangulation:
= S

!}—ﬁ-—’i‘ N

Some houses are outstanding in the analysis

The node degree centrality identifies important nodes in graphs.
Our results reveal a small subset of 10 houses that have a high node
degree consistently exceeding the two-sigma distance from the
mean node degree of all other houses. The importance of these
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In a large part of the city, several
thouse  g3ze-graph-defined landmarks
are visible. We do not know if
participants performed
onouses triangulation, but in principle it

Fig 2: Map of Sezhaven Fig 3: Gaze graph houses is supported by the hierarchy index, which shows a clear would be possible in these areas
1. Ray casting identifies the viewed objects hierarchical structure of the gaze graphs. i 8 Location data of ot e I e e o I e
2.  Cleaning: participants with more than 30% data loss are excluded e RS e e by prl s e e
3. Interpolation of missing data samples
4.  Gaze events are defined as data clusters on the same object of at
least 266 ms duration We propose new methodology to pre-process and analyze eye tracking data in complex VR environments using the data form gazes and a graph
5.  Gaze graphs created from gaze events (undirected & unweighted) theoretical analysis approach. Our results identify a subset of 10 houses outstanding in several graph theoretical measures, which we call gaze-
’ nodes = viewed houses graph-defined landmarks. Overall, this method provides a new and unique insight into visual attention during spatial navigation.
. edges = visual connections
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