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A B S T R A C T

Distraction in VR training environments may be mitigated with a visual cue intended
to guide user attention to a target. A survey of related literature suggests a past fo-
cus on “search and selection” tasks to evaluate a cue’s capability for guidance. We
investigate the capability of 9 eye-tracked cues with a new type of task that focuses on
how to restore attention when a short distraction (e.g., a notification) shifts focus away
from a target. Our study includes a guidance task in which subjects gaze at objects in
a randomized order and a restoration task in which gaze sequences are interrupted by
distraction events after which gaze must be returned to an object. We consider a wider
variety of factors and metrics than previous studies, varying object spacing, gaze dwell
time, and distraction distance and duration, and breaking down guidance time into sub-
components. Results show a general positive trend for cues that directly connect the
user’s gaze to the target rather than indirectly suggesting direction. Results further re-
veal different patterns of cue effectiveness for the restoration task than for conventional
guidance. This may be attributed to knowledge that subjects have about the location
of the object from which they were distracted. An implication for more complex dis-
traction tasks is that we expect them to be between the short distraction and regular
guidance in terms of memory of object position. So, we speculate cue performance for
other tasks would vary between the short distraction and guidance results. For restora-
tion, some cues add complexity that reduces, rather than improves, performance.

© 2025 Elsevier B.V. All rights reserved.

1. Introduction1

As virtual and augmented reality technologies have matured,2

they have seen a rapid increase in application to industry [1, 2].3

VR can be used to simulate dangerous situations with minimal4

risk for training purposes [3] or improve designs off-site [4],5

while AR can be used to augment the work site with helpful6

guidance imagery [5, 6]. In each scenario, the user’s visual at-7

tention is of paramount importance [7]. For example, a trainee8

in a VR oil rig training simulation may be distracted by system9

alerts and miss important details while not looking at a target10
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object [3], a repair technician may not be able to find the target 11

area of interest [5], and a warehouse employee may need guid- 12

ance to find the next part in an order picking task [8]. Visual 13

cues, such as arrows [9, 10, 11] or highlights [12, 13] on target 14

objects, are often employed in such systems to guide a user’s 15

attention to relevant objects, and as such have been the subject 16

of substantial research. 17

Attention restoration after a distraction, however, presents a 18

more dangerous scenario in the industrial context. A construc- 19

tion worker, for example, can be injured after a short loss of 20

situational awareness on-site [7]. This could be mitigated by 21

visual cues restoring attention to an important target after a dis- 22

traction. However, such cues have primarily been studied in a 23

guidance context in which the cue guides the user to a new, pre- 24

viously unseen target, while less work has focused on how to 25
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guide a user’s attention back to a target once it has already been1

lost.2

We consider that these two contexts may require different cue3

solutions, and so to address this gap, we present user studies that4

evaluate the performance of 9 visual cues at restoring visual at-5

tention to a target object when their attention shifts elsewhere6

(attention restoration) and simply guide users’ attention to an-7

other object (attention guidance). Our results give insight into8

the differences between these tasks and why results may not be9

directly transferable from one to the other.10

Cues were first tuned to subjectively preferred parameters11

during a preliminary tuning study (see Appendix A). In a sepa-12

rate main study, attention guidance was tested by cues visually13

guiding users to a set of targets in a random sequence. Dur-14

ing this we measured total time to get through a whole set and15

total number of incorrect targets looked at during the trial. To16

test attention restoration, this sequence was occasionally inter-17

rupted by distraction events, after which gaze was restored by18

a visual cue. During this we measured the time taken to look19

back at the correct target. To better understand the nature of the20

tasks and the cues’ performance in different scenarios, we also21

varied task parameters such as target spacing (wide or narrow),22

amount of gaze-dwell time required to activate a target (short or23

long), distance that distractions spawn from the target (close or24

far), and number of distraction elements (1, 3, or 5).25

Through our study results, we find that a highlight, Dyn-26

SWAVE [14], and a thick line strip rendered along a cubic curve27

are generally the best performing cues, though each performed28

best in different scenarios. We also find a different pattern of cue29

effectiveness between restoration and guidance tasks, suggest-30

ing a fundamental difference in how solutions for them should31

be approached.32

We consider the contributions of our work to be: 1) An exten-33

sive direct comparison of recent prior studies on attention guid-34

ance and restoration cues, 2) a comparison of the largest col-35

lection of cues available in the literature, 3) insight into the dif-36

ference between restoration and guidance tasks, and 4) deeper37

insight into how each cue performs in varying conditions (wide38

vs narrow target layouts, different distraction parameters) and39

recommendations for particular training contexts.40

This paper extends work that was presented in [15]. We now41

include a larger study analysis that breaks down guidance time42

into subcomponents, considers errors made during guidance43

and restoration stages, and reports subjective feedback. Addi-44

tionally, we include results from the preliminary study in which45

users tuned parameters of each cue.46

2. Related Works47

Many approaches have been suggested for guiding a user’s48

attention to nearby or out-of-view targets. In Table 1, we49

present a comparison of the most relevant works in the litera-50

ture. We prioritize recent works and those that compare a large51

number of cues. While our work focuses on VR, we include52

works in other mediums (e.g. augmented reality) because they53

solve a similar problem. We present observations and patterns54

found from looking at the state of the field as a whole.55

A form of arrow pointing at the target is by far the most 56

commonly tested visual cue, appearing in over half (12) of the 57

surveyed works, and is often used as a baseline to test a new 58

cue against (e.g. [10, 19, 27]). Arrows typically perform well 59

[27, 14], but not exceptionally so, and may have difficulty guid- 60

ing to targets behind the user [23]. Arrows are most often ren- 61

dered as 3D objects pointing at the object’s position in the scene 62

[10, 25] or a 2D image rendered pointing in the direction the 63

user should look to face the target [26, 14]. The FlyingARrow 64

[11, 24], a more novel arrow technique, animates the arrow to 65

move from the user’s view towards the target, but the cue’s ani- 66

mation speed may affect the user’s eye movement speed. 67

A form of target highlighting is also among the most common 68

guidance techniques. Classically highlights take the form of a 69

simple visual overlay or outline of the target object [29, 30, 70

31]. More subtle highlighting cues often leverage the human 71

visual periphery’s sensitivity to flickering to draw gaze to the 72

target without the user even noticing the highlight was there [16, 73

32]. Other works insert highlights diegetically (e.g. a firefly 74

[13] or swarm of bugs [12]) to draw attention while maintaining 75

immersion. 76

A common limitation with highlighting techniques is the re- 77

quirement for the target to already be in the user’s field of view. 78

If the user is looking far enough away from the target and can- 79

not see the cue, it will have no effect. Grogorick et al. [32] 80

attempted to remedy this by moving the flickering stimulus to- 81

wards the target, but study on this technique has been limited. 82

The most common task to compare and evaluate these visual 83

cues is Search and Selection. In most, a target is selected by 84

the system, the cue guides the subject’s gaze towards it, and the 85

subject must indicate that they found it. Distractors are often 86

present to make the task more challenging. Targets are often 87

spread 360° around the subject [20, 18, 10], but are sometimes 88

just placed in front [19, 12, 27] if the author’s context deems it 89

appropriate. 90

We consider these tasks to be centered on attention guidance; 91

critically, the subject does not have previous knowledge of the 92

target’s position before the cue appears. We argue that this is 93

fundamentally different from attention restoration, in which the 94

user has already looked at the target but was visually distracted 95

and must be guided back. In our survey, we found no works 96

directly addressing the problem of attention restoration, which 97

we address in our following study. 98

Despite the increased accessibility of eye-tracking within 99

headsets, most (14) of the surveyed papers did not include eye- 100

tracking within their cues’ designs. That is, the appearance of 101

the cues did not respond to the user’s eye movements, and was 102

instead placed statically in a scene or fixed to head gaze. Stud- 103

ies that included eye-tracking suggest that designing cues to re- 104

spond to eye movements has potential to improve visual cues 105

[14]; therefore we include eye-tracking in the design of all of 106

our compared cues. 107

Our study addresses the noted gaps in the literature by intro- 108

ducing a new type of task that mirrors minor distractions (e.g. 109

phone notifications) and by directly comparing the largest selec- 110

tion of cues in the literature (9 plus a No Cue baseline), under a 111

wide variety of conditions (e.g. different target layouts). 112
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Author Cues Task Metrics Results ET Subjects Medium
Bailey,
2009 [16]

SGD (warm-cool),
SGD (luminance),
None

Image viewing; SGD occa-
sionally appears in unusual ar-
eas

Response time, per-
ceived image quality,
gaze patterns

SGD produced low response
time (<500ms) and effectively
changed gaze patterns

Yes 10 Desktop

Binetti,
2021 [9]

Arrow (near and
far depths), Audi-
tory

Search and selection; targets
spread 360° around subject;
accuracy not enforced

Selection time and accu-
racy, NASA-TLX

Near arrow showed worse times,
but was alleviated with added au-
ditory cue

No 32 AR

Biocca,
2006 [17]

Attention Funnel,
Highlight, Verbal
Description

Search and selection; targets
spread 360° around subject;
accuracy not enforced

Selection time, error, and
variability, NASA-TLX

Attention Funnel enabled faster
target selection, higher consis-
tency, and demanded least mental
effort

No 14 AR

Bork,
2018 [10]

3D Arrow,
Aroundplot, 3D
Radar, EyeSee360,
sidebARs, Mirror
Ball

Search and selection with
varying target patterns; targets
spread 360° around subject;
accuracy enforced

Selection time, Head tra-
jectory pattern

EyeSee360 and 3D Radar
showed lowest selection times

No 24 AR

Grogorick,
2018 [18]

ColorDot, SGD,
ZoomRect, Zoom-
Circle, SpatialBlur,
None

360 ° image viewing, cues
occasionally appear to attract
gaze

Search time, Subtlety of
cue

No cues performed outstandingly
well; ZoomRect performed best

Yes 102 VR

Gruenefeld,
2017 [19]

Arrow, Halo,
Wedge, EyeSee360

Direction estimation; targets
180° or 360° around subject;
accuracy not enforced

Estimation accuracy,
NASA-TLX

EyeSee360 showed lowest esti-
mation error; No result for task
load

No 16 AR

Gruenefeld,
2018 [20]

Halo (AR and
VR), Wedge (AR
and VR)

Search and selection; Direc-
tion estimation; Targets spread
360° around subject; accuracy
not enforced

Selection time and ac-
curacy, Estimation error,
SUS, RAW-TLX

Halo and Wedge performed sim-
ilarly well; Correlation found be-
tween number of targets and se-
lection time

No 16 VR &
AR

Gruenefeld,
2018 [11]

FlyingARrow,
EyeSee360

Search and selection; Direc-
tion estimation; Targets spread
360° around subject; accuracy
not enforced

Selection time and error,
Estimation error, SUS,
RAW-TLX

FlyingARrow showed slightly
worse selection time and estima-
tion, but not significantly so, but
was rated more usable

No 12 AR

Gruenefeld,
2019 [21]

3D Radar, Eye-
See360

Movement estimation of out-
of-view targets

Estimation error, usabil-
ity

3D Radar enabled more accu-
rate estimation and was consid-
ered more usable

No 48 VR

Gugen-
heimer,
2016 [22]

SwiVRChair, None 360° video viewing with story
stimuli surrounding subject;
occasional forced rotation and
blocks

RSSQ, Presence, Enjoy-
ment

SwiVRChair produced higher
presence and enjoyment scores;
Both resulted in minimal simula-
tor sickness

No 16 VR

Harada,
2022 [23]

Moving Window,
3D Arrow, Radi-
ation, Spherical
Color Gradiation,
3D Radar

Search task; Targets spread
360° around subject; accuracy
not enforced

Search time, Cue recog-
nition time, Fixation
count and duration, Sac-
cade count and length

Moving Window and Radiation
had low search time for frontal
targets but high times for targets
in back; 3D Radar showed even
search times across all regions

No 30 VR

Hu, 2021
[24]

bSOUS, fSOUS,
FlyingARrow
(+arc and +trail)

Search and selection; Targets
generally in front of subject;
accuracy enforced, but targets
disappeared after time

Search time, Selection
success rate, NASA-
TLX

bSOUS generally outperformed
fSOUS and incurred lower task
load; FlyingARrow performed
second-best, but cue speed may
influence search time

No 24 VR

Jo, 2011
[25]

Aroundplot, 2D
Radar, 3D Arrow
Cluster

Search task; targets spread
360° around subject; accuracy
enforced in 1 of 2 tasks

Search time, Search fail-
ure rate, NASA-TLX

Aroundplot enabled a lower
search time and fail rate when
more objects were present com-
pared to 2D Radar

No 16 Mobile
AR

Lange,
2020 [12]

HiveFive, Arrow,
Blurring, Deadeye,
SGD, None

Search and selection; Targets
generally in front of subject;
accuracy not enforced

Time to First Fixation
(TTFF), Selection accu-
racy, IPQ, RAW-TLX

HiveFive showed lowest TTFF
and highest immersion scores;
Arrow showed similarly low
TTFF

No 20 VR

Lin, 2017
[26]

AutoPilot, Arrow,
None

Viewing 360° videos with dif-
ferent desired gaze patterns

Ease of focus, Engage-
ment, Enjoyment, Pres-
ence, Discomfort

Cues increased enjoyment and
ease of focus; AutoPilot resulted
in discomfort with large rotations

No 32 VR

Markov-
Vetter,
2020 [27]

MAP, MAP+, Ar-
row

Search and selection; Targets
in a ring in front of sub-
ject; Secondary oddball task
included for task load

Search speed, False se-
lections, Errors in odd-
ball task, HRV, NASA-
TLX

Arrow enabled faster search
speeds and lower task load.
Objective metrics of task load
were more sensitive.

No 15 AR

Renner,
2017 [14]

None, Attention
Funnel, Arrow,
Arrow ET Flick-
ering, SWave,
DynSWave

Search and selection task; Tar-
gets to subject’s left and right;
accuracy enforced

Selection time, Angular
head movement

Arrow was fastest and best
rated, with SWave showing simi-
lar results; DynSWave performed
worse than SWave

Yes 20 VAR

Renner,
2017 [28]

Picking Light, Ar-
row, SWave

Guided placement; Cues
placed either in center of FOV
or upper right

Placement time, Head
movements, NASA-TLX

Cues in central FOV performed
better than cues in periphery;
SWave outperformed arrow

Yes 21 VAR

Table 1. Works related to the field of attention guidance cues, including a brief description of the associated task and main results, and whether Eye
Tracking (ET) was used in cue design. Works comparing multiple cues in mixed reality were prioritized. Bolding indicates the cue, or a variation of it, was
used in our study. Medium indicates how the cues were visualized, with AR implying use of an AR headset while mobile AR implies a tablet or phone.
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3. Visual Cues Design1

Figure 1 shows visual cues in the test environment with Nar-2

row Target Spacing. Cues were tuned to reasonable appearance3

parameters within a preliminary study described in Appendix4

A. Cues are:5

No Cue: We consider the absence of a cue as a baseline.6

Arrow (Arr): The Arrow (Figure 1a) is a single 3D ar-7

row. Such arrows are perhaps the most commonly deployed8

cue (e.g., Google Expeditions). The arrow is placed along the9

path of the shortest arc on a head-centered sphere with sphere10

radius being the head-to-target distance.11

Arrow Trail (ArrT): The Arrow Trail (Figure 1b) places12

multiple arrows along the same arc as arrow, forming a trail13

from the gaze point to the target. As the gaze moves away from14

the target, the number of arrows increases. This may provide a15

stronger cue than a single arrow.16

Arrow Field (ArrF): The Arrow Field (Figure 1c) is a novel17

cue that renders many arrows on a head-centered sphere. Arrow18

placement does not depend on any gaze tracking: arrows appear19

static rather than moving. The arrows appear at vertices of an20

(invisible) icosphere and each points along an arc towards the21

target. This may be useful with reduced or no eye tracking.22

DynSWAVE (DynS): DynSWAVE (Figure 1d) is based on23

a cue by Renner and Pfeiffer [14]. Concentric circles move24

along a head-centered sphere towards the target, such that the25

movement appears like decreasing circle radius (implemented26

by scrolling textured lines towards a sphere pole anchored at27

the target). Movement speed increases as the user looks far-28

ther from the target. This cue performed well in work by others29

[14, 28], motivating its comparison to a broader set of cues.30

Border (Bor): The Border (Figure 1e) displays a single cir-31

cle on the head-centered sphere, so the circle appears centered32

on the target. As gaze moves away from the target, the cir-33

cle’s edge follows the gaze (radius appears to increase) until it34

reaches a boundary. This cue is similar to Halo [20], however,35

considering our experiment environment, we do not adjust for36

clutter.37

Vignette (Vig): Our Vignette (Figure 1f) cue is similar to38

Fade to Black [33]; it progressively darkens portions of the39

scene far from the target as user attention drifts. We use a40

screen-space shader to orient a tunnel effect in front of the user41

(with an offset toward the target), which gets more prominent42

(darker, sharper) the farther the user looks away. The open por-43

tion of the tunnel never leaves the user’s field of view com-44

pletely, to prevent confusion about where to shift visual focus.45

Line Strip (LineS): The Line Strip (Figure 1g) is a simple46

cue sharing some features with Wedge [20] and 3DPath [34].47

A thick line strip (appearing like a curved banner) is displayed48

along a 3D Hermite cubic curve from a point on the gaze vector49

(at a small distance from the head) to the target, as in Biocca et50

al. [17], showing the full path. The simple view of the whole51

path may be effective or liked for its clarity.52

Attention Funnel (AtFun): The Attention Funnel (Figure53

1h) is based on Biocca et al. [17], which placed multiple rings54

along a cubic curve between the student and the target.55

Highlight (Hi): Highlight (Figure 1i) is a simple cue that56

highlights the target with a yellow emission effect, increasing in57

intensity as the eye moves away from the target. The color was 58

chosen to contrast other scene colors. Unlike the other cues, this 59

cue appears directly on the target, which may draw attention 60

immediately to the target location as long as it is in the field 61

of view. The highlight cue was not included in Table A.8 or 62

the tuning study, because it was added for the main comparison 63

study. 64

Cues other than Highlight and Vignette were colored red to 65

contrast other scene colors and because red is a standard alert 66

color for attention. Cues were rendered in such a way to be 67

visible even behind occluding objects (occluding objects appear 68

partially transparent, as for menus in [35]). A first-order IIR 69

filter was applied to eye gaze when rendering cues to reduce 70

high-frequency jitter and smooth its motion. 71

4. Guidance and Restoration Studies 72

Our experiment’s main contribution was to study perfor- 73

mance with an attention restoration task, different from prior 74

studies. A guidance task was also included to clarify how dif- 75

ferent tasks produce difference relative cue performance, and to 76

consider more conditions than prior guidance studies. The tasks 77

required subjects to look at barrel targets in sequence, dwelling 78

on them for a short time to activate and proceed to the next step. 79

In a guidance stage, subjects activated 8 targets in random- 80

ized order with a cue for guidance. In an attention-restoration 81

stage, subjects occasionally had to shift gaze to spherical dis- 82

traction objects and then return to the same target (with a cue 83

active). Both stages used within-subjects design for 10 cue con- 84

ditions (the 9 cues and No Cue) with other factors varying target 85

and distraction properties. Both stages took place in a virtual 86

offshore oil rig, with users seated at a station near the top of the 87

rig and blue barrels used as targets (Figure 2). In both stages, 88

targets or distractions were considered “looked at” if the angle 89

between gaze vector and vector to target went below a 4 degree 90

threshold. 91

4.1. Participants and Apparatus 92

98 subjects were recruited from local science and engineer- 93

ing departments for guidance and restoration studies, with ages 94

ranging from 18 to 35 (mean 21.4, StDev 3). Due to a record- 95

ing error, data from the first 31 subjects was not available for 96

the restoration stage analysis. All subjects used an HTC Vive 97

Pro Eye headset with one HTC Vive controller (for answer- 98

ing embedded questions). Experiments were performed on an 99

Alienware Aurora R13 with an Intel 17-12700KF processor and 100

GeForce RTX 3080 graphics card. The study was approved 101

by the university Institutional Review Board under the approval 102

number SU18-03 CACS. 103

4.2. Barrel Setup and Patterns 104

Two barrel setups (Figure 2), with varying target spacing 105

(narrow or wide) were used. The subject was seated on a plat- 106

form, 15 meters from the center of the grid of barrels. The 107

narrow setup had 8 barrels in a 3x3 grid format with a missing 108
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Fig. 1. The 9 visual cues compared in these studies. All examples are captured with the same gaze vector and target.

center, with each barrel 2 meters away from its neighboring bar-1

rels. The wide setup had 8 barrels in the same layout but spaced2

6 meters away from their neighboring barrels.3

Each barrel has a number between 1 and 8 displayed as a4

label in front. For 8 barrels, there are (8!) orders in which they5

can be sequenced. To ensure similar movement paths between6

barrel orders, we select randomly from a subset of 32 sequences7

that each consist of the follow movement types: 1 vertical move8

between neighboring barrels, 1 neighboring-barrel horizontal9

move, 1 long diagonal move (between non-neighbors), 1 two-10

unit vertical move (non-neighbors), 1 two-unit horizontal move11

(non-neighbors), 2 mixed moves crossing two horizontal and12

one vertical units, and total path length of 13.3 grid units. This13

made paths similar in complexity and length while appearing14

random to users.15

4.3. Procedure16

After filling out a consent form, a background questionnaire,17

and undergoing eye tracking calibration, subjects performed18

two training rounds to get used to activating target barrels, ex-19

periencing distractions, and seeing visual cues. Each stage was20

preceded by a brief training session to get subjects accustomed21

with the task.22

4.3.1. Attention Restoration Stage23

The attention restoration stage used a 10x2x2x3 study design24

with the following variables: Cue: which cue was seen, Target25

Spacing: narrow or wide barrel spacing (as described earlier),26

Distraction Distance: close or far placement of spherical dis- 27

traction objects (distance from current target barrel), and Dis- 28

traction Breadth: number of objects in the distraction (1, 3, 29

or 5). Subjects performed 2 rounds of the restoration task, each 30

with a different Target Spacing. In each round, the cue was used 31

6 times, each time with a different combination of Distraction 32

Breadth and Distance. 33

Subjects were given the following instructions before each 34

attention-restoration round: “Activate each barrel by looking at 35

it for 1 second in order of ascending label. Look at all spheres 36

when they appear, starting with the red sphere. Notify the proc- 37

tor when you are ready to begin.” 38

Subjects gazed at barrels in ascending label order, random- 39

ized according to the procedure noted in subsection 4.2, for 1 40

second each. While gaze dwelled on a barrel, its label turned 41

light green. Once the target barrel had been gazed at for 1 sec- 42

ond, it was “activated” and its label turned a darker shade of 43

green. For every 2 or 3 activated barrels (random), a distraction 44

appeared while the subject dwelled on a barrel. This happened 45

after 0.5-1 seconds of dwell (random). Once the distraction task 46

began, a visual cue was rendered to help guide them back. Af- 47

ter activating a full set of 8 barrels, the barrel pattern was re- 48

randomized and reset. This was done as many times as needed 49

until 6 distraction events had occurred. 50

To handle the distraction objects, a subject had to look at all 51

presented spheres, in an order, to remove the spheres. Distrac- 52

tions appeared accompanied by a “beep” sound, and the num- 53

ber of spheres was determined by Distraction Breadth. Spheres 54

were placed on an arc such that they had equal distance from the 55
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Fig. 2. Environment layouts used in experiments. Left: narrow target spacing during the tuning study. Center: wide target spacing with 5 far distractions
during restoration stage. Right: narrow target spacing with 3 close distractions during restoration stage.

target barrel. A sphere at one end of the arc (chosen randomly)1

was colored red and others (if present) were initially white. The2

subject had to look at the red sphere, causing it to vanish, and3

the next closest sphere along the arc turned red, denoting that it4

was the new target. Each red sphere disappeared when it was5

gazed at for 3 graphics frames. The 3-frame threshold avoids6

activation by jitter or approximate moves over the distraction.7

The result was subjects performing a “sweeping” motion with8

their gaze across the arc of spheres.9

Distraction Distance had 2 levels: close and far. Close and far10

spheres were placed at a distance of approximately 4.2 and 7.111

meters from the target barrel, respectively. Distraction Breadth12

had 3 levels: 1, 3, or 5 distraction spheres. For 1 sphere,13

the sphere was positioned either vertically/horizontally (for the14

middle barrels) or diagonally (for corner barrels) away from the15

barrels by the sphere distance. For 3 or 5 distractions, addi-16

tional spheres were placed in an arc, rotated about the target17

with the first sphere. When Target Spacing was narrow, distrac-18

tions appeared outside of the barrel layout; when it was wide,19

distractions appeared within the barrel layout (as seen in Figure20

2).21

Once the subject finished the distraction task, they returned22

their gaze to the target object, guided by the visual cue. Subjects23

completed trials with each combination of Distraction Distance24

and Distraction Breadth once per cue, thus each cue was used 625

times in a row. The order of combinations was randomized for26

each cue, the order of cues per attention-restoration round was27

randomized, and the order of Target Spacing was randomized.28

4.3.2. Guidance Stage29

The guidance stage used a 10x2x2 study design with the fol-30

lowing independent variables: Cue: which cue was seen, Tar-31

get Spacing: narrow or wide (as before), and Mandated Dwell32

Time: how long the subject must look at a target barrel be-33

fore it is considered activated, either short (.125 second) or long34

(1 second). The short dwell was intended to be imperceptible,35

being just long enough to ensure that subjects glance at each36

barrel while moving at a fast pace with minimal thought. The37

1-second pause was considered more consistent with prior stud-38

ies in that it does not proceed immediately, but the task is also39

more generic than other studies in that it does not involve any40

Fig. 3. Median guidance time for each cue at different levels of Target Spac-
ing and Dwell Time. Error bars were computed by bootstrapping and show
the range containing the middle 68 percent of 5000 median estimates, each
being the median of 98 values (sampled with replacement). This is analo-
gous to standard error when using parametric data.

longer or interactive tasks to be performed. 41

Subjects were given the following instructions with in-VR 42

text before each guidance round: “Activate each barrel by look- 43

ing at it in order of ascending label. A cue will be present to 44

guide you. Notify the proctor when you are ready to begin.” 45

As in the Attention Restoration stage, barrel labels were again 46

randomized according to the procedure in subsection 4.2. 47

Subjects completed 4 rounds of the guidance task, each using 48

a different combination of Target Spacing and Mandated Dwell 49

Time. We consider the use of a cue to activate a full set of 8 50

barrels as a single trial, creating 10 trials per round (1 for each 51

cue condition. No distractions occurred and the cue was active 52

throughout each trial. 53
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Table 2. Pairwise Wilcoxon comparisons for total guidance time between
different cues. One pairwise test was performed for each combination of
Target Spacing and Dwell Time levels, making a total of 4. Number and
color show the number of significant differences found between the pairs
(p < .05 after Holm correction). A negative (-) sign indicates that the row’s
cue had a lower (better) time than the column cue.

Cue Hi LineS DynS AtFun ArrT Bor Arr Vig ArrF NoCue
Hi 0 0 0 0 -2 -3 -3 -4 -4 -4
LineS 0 0 0 0 -1 -2 -3 -4 -4 -4
DynS 0 0 0 0 -1 -3 -3 -4 -4 -4
AtFun 0 0 0 0 -1 -1 -2 -4 -4 -4
ArrT 2 1 1 1 0 -2 -2 -4 -4 -4
Bor 3 2 3 1 2 0 -1 -3 -4 -4
Arr 3 3 3 2 2 1 0 -2 -4 -4
Vig 4 4 4 4 4 3 2 0 -1 -2
ArrF 4 4 4 4 4 4 4 1 0 -2
NoCue 4 4 4 4 4 4 4 2 2 0

4.4. Questionnaires1

After each attention-restoration round or guidance trial, a us-2

ability questionnaire panel appeared in the scene asking the sub-3

ject to rate the cue on a 7-point scale. It asked two questions:4

1) “How well did the cue guide your attention to the correct5

barrel?” and 2) “How much do you like the cue?”, with 1 be-6

ing “not very well/much” and 7 being “very well/much.” Sub-7

jects could select responses using ray-based interaction with the8

panel.9

After each attention-restoration round, a ranking question-10

naire appeared in the scene. 10 cue cards were presented, rep-11

resenting the 10 Cues. Subjects were asked to “Order the cue12

cards from worst to best in terms of how strongly they attracted13

your attention to the correct barrel in the previous trial.” and14

“Order the cue cards from worst to best in terms of how much15

you like its appearance.” Subjects ordered cards freely using16

ray-based interaction. When subjects pointed the ray at a card,17

the corresponding cue was displayed for 1 of 5 target barrels18

placed above the cue cards, for reference.19

4.5. Results20

4.5.1. Metrics21

We consider cues that can quickly guide or restore attention22

while minimizing incorrect target seeking to be superior. To23

that end, we use time and target error as our primary metrics.24

For the attention restoration stage, the lookback time is the25

time between the user finishing the distraction task and shift-26

ing their gaze back to the correct target. The lookback error27

count is the number of incorrect targets the subject looked at28

before finding the correct one.29

For the guidance stage, the guidance condition time is the30

total time taken to move through an 8-barrel sequence. Guid-31

ance time is additionally adjusted by subtracting the total man-32

dated dwell time to enable more straightforward comparison33

between the two dwell time conditions. Total guidance time34

was further broken down into movement time, amount of time35

taken to move from one target to the next, and dwell delay, how36

long after the target switched that the subject lingered on the37

previous target. Target error count for guidance is the number38

of incorrect targets looked at across a trial. To avoid counting39

an erroneous intermediate target along a move to the correct40

Fig. 4. Median time to move from one target to the next for each cue at
different levels of Target Spacing and Dwell Time.

Table 3. Pairwise Wilcoxon comparisons between cues for movement time
between targets. A negative (-) sign indicates less movement time for the
row’s cue.

Cue Hi LineS DynS AtFun ArrT Bor Arr Vig ArrF NoCue
Hi 0 0 0 0 -2 -4 -4 -4 -4 -4
LineS 0 0 0 -1 -2 -3 -3 -4 -4 -4
DynS 0 0 0 0 -3 -4 -3 -4 -4 -4
AtFun 0 1 0 0 -2 -4 -3 -4 -4 -4
ArrT 2 2 3 2 0 -2 -1 -4 -4 -4
Bor 4 3 4 4 2 0 0 -2 -4 -4
Arr 4 3 3 3 1 0 0 -2 -4 -4
Vig 4 4 4 4 4 2 2 0 -2 -2
ArrF 4 4 4 4 4 4 4 2 0 -2
NoCue 4 4 4 4 4 4 4 2 2 0

one, an incorrect target for both error metrics is only consid- 41

ered looked at if the user dwells on it for 100ms. 42

Subjective measures are also considered from the question- 43

naires given throughout the experiment. Secondary measures, 44

such as total eye and head movements, were also recorded, and 45

are reported in Appendix B. 46

Much of the data shows positive skew, with high-time and 47

high-error outliers. So, analysis primarily uses Friedman tests 48

to determine an overall effect caused by the independent vari- 49

able, and pairwise Wilcoxon signed-rank tests in cases where 50

there is an effect. Due to the large number of pairs for 10 vi- 51

sual cues, we correct p values using Holm corrections [36] to 52

avoid familywise error inflation. While multiple independent 53

variables are used in study, we focus primarily on differences 54

between cues. 55

4.5.2. Guidance Condition Time 56

Total guidance time between cues with all levels of other 57

variables included are summarized in Figure 3. A Friedman 58

test showed that cue condition affected guidance time (χ2(9) = 59
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472.15, p < .001). We performed pairwise tests separately1

within each of the 4 combinations of Target Spacing and Man-2

dated Dwell Time. This allows us to compare the use of each3

cue in different scenarios. Table 2 summarizes results of pair-4

wise Wilcoxon tests between the resulting 4 sets of data.5

We suggest that results support putting the cues into 3 cat-6

egories. Highlight, LineStrip, DynSWAVE, and AtFunnel all7

perform better than all other cues in at least 1 case, with their8

overall medians being comparable. ArrowTrail, Border, and Ar-9

row perform worse than the previous group but better than the10

last 3. Vignette, ArrowField, and NoCue perform worse than11

the others. We postpone a fuller discussion comparing cues un-12

til Section 5 to first show all metrics.13

Comparing levels of Target Spacing and Mandated Dwell14

Time, with all other values collapsed, gives us insight into15

the nature of the guidance task itself. Wide Target Spacing16

(median 5031ms) incurs significantly more time than Narrow17

(3472ms, p < .001). This is intuitively expected, as more space18

between targets will require more movement between targets19

and may decrease the chance that the next target will be seen20

in the subject’s periphery. Long Mandated Dwell Time (me-21

dian 4781ms) incurs significantly more time than Short (median22

3791ms, p < .001). We suspect this may be due to longer time23

taken to react to new target switches after the eye has come to a24

rest on a target for a full second.25

We see several interesting differences within individual cues26

when varying Target Spacing and Dwell Time. The general dif-27

ference between wide and narrow Target Spacings is also shown28

when comparing within each cue, and in each case the guidance29

time is again higher with wide target spacing (p < .001). Ad-30

ditionally, some cues appear to have larger gaps between their31

performance with wide or narrow targets, such as Highlight,32

Arrow, and NoCue.33

4.5.3. Guidance Time Breakdown34

We consider and measure time for two primary actions the35

subject performs during the guidance task: movement and36

dwell. Movement is the time between the subject leaving one37

target and reaching the next correct target. This includes sac-38

cadic movements and the search process to reach the correct39

target, including movements towards and dwell on incorrect tar-40

gets. Dwell includes mandated dwell time on the correct target41

and the time from when the target switches until the subject42

moves their eyes off the old target (here named dwell delay).43

We consider dwell delay an indication of how quickly the cue44

triggers a subject’s response, with lower delay seen as positive.45

We considered further dividing the total dwell time to include46

an error metric when subjects look off of the correct target, look47

at an incorrect target, then back at the correct one. While the48

times were non-zero, and showed differences between Target49

Spacing and Dwell Time levels (p < .001 for both), differences50

were not shown between cues themselves. As such, we exclude51

this analysis.52

As seen in Figure 4, movement time shows a similar pat-53

tern to total guidance time in shape between cues and pairwise54

comparison results. Once again, Wide Target Spacing (median55

2051.5ms) incurs more movement time than Narrow (1050ms,56

Fig. 5. Median delay to move gaze off an old target for each cue at different
levels of Target Spacing and Dwell Time.

Table 4. Pairwise Wilcoxon comparisons between cues for dwell delay. A
negative (-) sign indicates less delay for the row’s cue.

Cue Hi LineS DynS AtFun ArrT Bor Arr Vig ArrF NoCue
Hi 0 -2 0 -2 -3 -2 -3 -3 -3 -4
LineS 2 0 0 0 -3 -2 -2 -4 -3 -4
DynS 0 0 0 0 -2 0 -2 -3 -4 -4
AtFun 2 0 0 0 0 0 -2 -3 -2 -2
ArrT 3 3 2 0 0 0 -3 1 -2 -2
Bor 2 2 0 0 0 0 -2 -1 -2 -2
Arr 3 2 2 2 3 2 0 -3 -1 -3
Vig 3 4 3 3 -1 1 3 0 1 -1
ArrF 3 3 4 2 2 2 1 -1 0 -1
NoCue 4 4 4 2 2 2 3 1 1 0

p < .001). Interestingly, results for Mandated Dwell Time are 57

reversed, with Long Dwell Time (1391ms) incurring less than 58

Short (1724ms, p < .001). Possibly, the longer dwell time al- 59

lowed subjects to see the next target in their periphery and pre- 60

pare to move towards it. 61

Dwell delay (seen in Figure 5) shows slightly different pat- 62

terns. With the exception of Highlight, cues that immediately 63

appear near the subject’s focal point appear to perform best. 64

Highlight shows poor performance with Wide targets and Long 65

dwell time, with a similar median to NoCue, implying that 66

since the Highlight can appear outside their field of view they 67

may have not noticed the target switch. Arrow shows poor 68

performance with Wide targets and Short dwell time, possi- 69

bly because the arrow is drawn in the periphery between the 70

gaze point and target, and thus subjects take longer to respond. 71

NoCue shows poor performance in the same case. 72

4.5.4. Guidance Error Counts 73

Errors were counted if a subject’s gaze dwelled on an incor- 74

rect target for longer than 100ms, and were tallied across the 75

8-target trial. Results per cue are shown in Figure 6. The pat- 76
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Fig. 6. Number of erroneous targets gazed at throughout an 8-target guid-
ance trial for each cue.

Table 5. Pairwise Wilcoxon comparisons between cues for restoration look-
back time. A negative (-) sign indicates less lookback time for the row’s cue.

Cue Hi LineS DynS AtFun ArrT Bor Arr Vig ArrF NoCue
Hi 0 -3 -1 -7 -5 -4 -6 -4 -3 0
LineS 3 0 0 -4 0 0 0 -1 0 0
DynS 1 0 0 -7 0 -1 -3 -2 -1 0
AtFun 7 4 7 0 0 2 1 0 2 5
ArrT 5 0 0 0 0 0 0 0 0 0
Bor 4 0 1 -2 0 0 0 0 0 1
Arr 6 0 3 -1 0 0 0 -1 0 0
Vig 4 1 2 0 0 0 1 0 0 0
ArrF 3 0 1 -2 0 0 0 0 0 0
NoCue 0 0 0 -5 0 -1 0 0 0 0

tern of results generally aligns with overall guidance time, i.e.,1

if a cue incurs more time, it is more likely that there were errors.2

Interestingly, Wide Target Spacing (median 1 error) incurs sig-3

nificantly fewer errors than Narrow (median 3 errors, p < .001),4

a reverse of the trend seen in overall guidance time. We suspect5

it was less likely to reach a wrong target when targets were far-6

ther apart and fewer targets are in view at one time.7

4.5.5. Attention Restoration Lookback Time8

For the restoration task, median lookback times for all cues9

at every combination of the other 3 variables are summarized10

in Figure 7, with Wilcoxon pairwise comparisons summarized11

in Table 5. The most notable result is that median times for the12

cues do not follow the same patterns as they did in the guidance13

stage. The primary differences appear to lie with Line Strip,14

Attention Funnel, Arrow Trail, and No Cue.15

While No Cue performed significantly worse than most other16

cues during guidance, here it performed better than Vignette17

(p = .024) and Attention Funnel (p = .015), was not shown18

to be significantly worse than any other cue, and had the third19

lowest median lookback time. We suspect this relates to the20

nature of the task; subjects had previous knowledge of the target21

(in contrast to a guidance task) and knew they had to return22

to the target once they cleared the distraction spheres. This is23

analogous to a quick distraction such as glancing to a tablet to24

dismiss a notification. It may be that some added visuals like25

the Attention Funnel have a negative effect of distracting the26

user from directly returning to a known target.27

While Line Strip, Attention Funnel, and Arrow Trail were28

among the better cues for guidance, here they fared signifi-29

cantly worse. Line Strip incurred higher lookback times than 30

Highlight (p = .02). Arrow Trail did worse than Highlight 31

(p < .001) and DynSWAVE (p = .016). Attention Funnel did 32

worse than Highlight (p < .001), DynSWAVE (p < .001) and 33

No Cue (p = .015). 34

Regarding the 3 other variables, of primary interest is the 35

Distraction Breadth. We initially assumed a larger number of 36

distraction spheres would incur higher lookback times. How- 37

ever, the median time for 1 distraction (325ms) is higher than 38

3 distractions (267ms, p < .001) and 5 (267ms, p < .001). 39

The medians for 3 and 5 distractions do not appear to differ 40

(p = .796). 41

Regarding Distraction Distance, we expected that far distrac- 42

tions (median 308ms) would incur more time than close dis- 43

tractions (267ms, p < .001). Visual inspection of Figure 7 44

appears to also suggest there may be an interaction between 45

cue and Distraction Distance, with cues such as Arrow showing 46

possible wider variations between close and far than cues like 47

DynSWAVE. In this sense, choice of cue may matter more for 48

farther distractions. 49

4.5.6. Attention Restoration Lookback Error Count 50

Similar to the guidance stage, lookback errors were counted 51

if a subject’s gaze dwelled on an incorrect target for longer than 52

100 ms before finding the correct target. Counts of errors per 53

trial are shown in Figure 8. Resulting distributions resemble a 54

Poisson distribution (with low λ), with heavy skew towards 0 55

errors, thus we compared cues using a Poisson test. Pairwise 56

comparison results are shown in Table 6. 57

Unlike in the guidance stage, lookback errors do not clearly 58

follow the same pattern as lookback time. While Highlight is 59

one of the best performing for lookback time, it has the highest 60

maximum error count and only shows significantly fewer errors 61

than ArrowField (p < .001). While Attention Funnel performed 62

worse than most cues in lookback time, it did not show signifi- 63

cantly more errors than any cue, and showed significantly fewer 64

than Vignette (p = .005), Arrow Field (p < .001), and No Cue 65

(p = .017). 66

Perhaps most importantly, while No Cue outperformed At- 67

tention Funnel and Border in lookback time, it resulted in more 68

errors than Line Strip (p = .002), DynSWAVE (p < .001), At- 69

tention Funnel (p = .017), and Arrow Trail (p = .008). Though 70

subjects were able to quickly find the correct target without a 71

visual cue, they were more likely to look back at an incorrect 72

target first, suggesting the cues were still useful for targeting. 73

4.5.7. Subjective Ranking 74

Subject rankings given at the end of each attention restoration 75

round were numerically coded (1 is low, 10 is high) and aver- 76

aged between a subject’s ranking for wide and narrow target 77

spacing rounds. Results are summarized in Figure 9. Likert- 78

like ratings were also collected at the end of each use of a cue, 79

but results do not differ substantially from rankings and are thus 80

not presented. 81

Pairwise comparisons, summarized in Table 7, follow a sim- 82

ilar pattern from guidance results. Given the number of cues, a 83

clear final ranking is not possible, but considering the number 84
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Fig. 7. Median time to look back from distractions to correct target for each cue at different levels of Distraction Breadth, Distraction Distance, and Target
Spacing. Error bars were computed by bootstrapping and show the range containing the middle 68 percent of 5000 median estimates, each being the
median of 67 values (sampled with replacement).

Table 6. Pairwise comparisons between cues for lookback errors. A nega-
tive (-) sign indicates that row’s cue was ranked lower than the column cue.

Cue Hi LineS DynS AtFun ArrT Bor Arr Vig ArrF NoCue
Hi 0 0 0 0 0 0 0 0 -1 0
LineS 0 0 0 0 0 0 -1 -1 -1 -1
DynS 0 0 0 0 0 0 -1 -1 -1 -1
AtFun 0 0 0 0 0 0 0 -1 -1 -1
ArrT 0 0 0 0 0 0 -1 -1 -1 -1
Bor 0 0 0 0 0 0 0 -1 -1 0
Arr 0 1 1 0 1 0 0 0 -1 0
Vig 0 1 1 1 1 1 0 0 -1 0
ArrF 1 1 1 1 1 1 1 0 0 0
NoCue 0 1 1 1 1 0 0 0 0 0

of times a cue is significantly better or worse than another, we1

see a rough ranking into 6 groups. ArrowTrail, AtFunnel, and2

LineStrip are ranked at the top, followed by DynSWAVE, then3

Arrow and Highlight, then Border, then Vignette, then Arrow-4

Field and NoCue.5

Interestingly, despite Highlight’s good performance in both6

stages, it is ranked only among the middle of the cues. Con-7

versely, NoCue performed well in attention restoration, but was8

ranked low. Looking at the top ranked cues, they all render a vi-9

sual component anchored near the user’s gaze point and leading10

directly to the target.11

5. Discussion12

In the following discussion, we primarily focus on differ-13

ences and similarity between the visual cues based on perfor-14

mance. Cues that are visually similar are grouped to better15

compare/contrast them.16

Fig. 8. Violin plot of the number of erroneous targets looked at when look-
ing back after a distraction event. Middle lines denote means; top and
bottom lines denote maximum and minimums.

Table 7. Pairwise comparisons between cues for subjective ranking. A neg-
ative (-) sign indicates that row’s cue was ranked lower than the column
cue.

Cue Hi LineS DynS AtFun ArrT Bor Arr Vig ArrF NoCue
Hi 0 -1 0 -1 -1 0 0 1 1 1
LineS 1 0 0 0 0 1 1 1 1 1
DynS 0 0 0 0 0 1 0 1 1 1
AtFun 1 0 0 0 0 1 1 1 1 1
ArrT 1 0 0 0 0 1 1 1 1 1
Bor 0 -1 -1 -1 -1 0 0 1 1 1
Arr 0 -1 0 -1 -1 0 0 1 1 1
Vig -1 -1 -1 -1 -1 -1 -1 0 1 1
ArrF -1 -1 -1 -1 -1 -1 -1 -1 0 0
NoCue -1 -1 -1 -1 -1 -1 -1 -1 0 0



Preprint Submitted for review /Computers & Graphics (2025) 11

Fig. 9. Subjective rankings for each cue, with 10 being best. Rankings were
provided for cues during wide and narrow Target Spacing, and were aver-
aged per subject.

5.1. Visual Cues Discussion1

5.1.1. Highlight2

Highlight is one of the best-performing cues. For attention3

restoration (Table 5), it had better times than all but 2 other cues.4

For attention guidance (Table 2) it is again one of the strongest,5

showing better performance than all but 3 cues in at least 1 case.6

Given the short Dwell Delay with narrow targets (on average7

less than 200 ms), we suspect the Highlight’s quick change in8

color may trigger a preattentive reflexive saccade [37]; subjects9

noted the effect occasionally making their eyes move to it auto-10

matically before they were consciously aware of it.11

Important to Highlight’s design is that the effect is placed on12

the target itself. A benefit to this is potentially that it draws13

attention to the target directly rather than indirectly through a14

visual effect component at another location. A possible draw-15

back is if the user does not have the target in view, there should16

be no effect. This may be why it performs very well in look-17

back time (Table 5) but not as well in lookback errors (Table 6).18

We also expected Highlight to perform poorly with wide Target19

Spacing, but the difference between narrow and wide does not20

appear much larger than the difference for other cues.21

We do see in the guidance task (Figure 3) a large gap between22

narrow and wide performance with long Mandated Dwell Time,23

with wide on median taking about 2 seconds longer to complete.24

We expected subjects did some broader search before catching25

the Highlight effect in their periphery, then moved quickly to-26

wards the target. Were this the case, we would expect to see27

higher Movement Time in the wide case, but this is not shown28

in data (Figure 4). Instead, we see the added time in the long-29

dwell/wide-targets case coming from dwell delay. Thus we sus-30

pect that the lack of imagery popping immediately into view31

(unlike cues like Line Strip) led to subjects relying on less accu-32

rate internal time counting or the more subtle cue of the barrel’s33

number switching from light green to dark green to know when34

to gaze away from the target, but once they did, they still found35

the target very quickly.36

5.1.2. DynSWAVE and Border37

These cues are grouped because they both visualize a ring(s)38

around the target. DynSWAVE is another top-performing cue.39

In the restoration task, its lookback time was lower than all but 40

NoCue, Highlight, and LineStrip. In the guidance task it is also 41

one of the strongest, showing a low error count and better per- 42

formance than many in guidance time (Table 2). The design 43

of the cue makes it immediately noticeable, which likely con- 44

tributed to resulting in lower dwell delay than other cues with 45

more subtle effects (Table 4). We expected a longer search 46

time, given that cues with animated speeds have sometimes 47

been shown to induce eye movement at that speed (e.g. Fly- 48

ingARrow in [24]). However, DynSWAVE outperformed six 49

other conditions in movement time (Table 3), implying that ef- 50

fect was not present in this task. 51

DynSWAVE outperformed Border in several cases while 52

Border never performed better than DynSWAVE (Table 2). This 53

is most noticeable in the guidance task’s Movement Time where 54

it outperforms Border in all 4 conditions. According to subject 55

feedback, while the arc of Border’s ring helped guide users in 56

the right direction, the indirect nature of its pointing led to some 57

“hot and cold” aspects to the searching. 58

Despite performing well, there are concerns about Dyn- 59

SWAVE’s design. It is visually large and obstructive. This 60

likely helps the user notice it immediately, leading to lower 61

dwell delay. But it may also clutter parts of the environment 62

the user wishes to inspect (e.g. scanning the environment dur- 63

ing a training explanation). The obstructive nature also makes 64

it impractical for extending to multiple targets, and may be in- 65

appropriate for some tasks. Additionally, all of our targets were 66

far away and generally in front of the user; the cue may have 67

a stranger appearance if the distance to the target is less than 68

the user’s height as the rings could appear to pass through their 69

body. 70

5.1.3. Line Strip and Attention Funnel 71

These cues are grouped together because they are aestheti- 72

cally different versions of the same concept: visualizing a curve 73

path from a short distance in front of the eyes towards the target. 74

In the restoration task (Figure 7), Line Strip sits somewhere in 75

the middle while Attention Funnel has the worst median look- 76

back time in several cases. We also see that the lookback time 77

for Attention Funnel is worse than Line Strip in 4/12 cases as 78

well (Table 5). Despite this, both cues resulted in minimal look- 79

back errors (Table 6). Had the cues resulted in high errors, we 80

might infer that they were misleading. Instead, we infer that 81

they were distracting, and led the subject to look directly at the 82

cue first, then the target. 83

Both cues performed much better in the guidance task than in 84

restoration, scoring much closer to each other and showing bet- 85

ter times than 6 of the other cues in at least 1 condition (Table 86

2). Both also resulted in low guidance error (Figure 6). Ad- 87

ditionally, they (along with the Arrow Trail) have the highest 88

subjective ranking. 89

We assumed the cues would be relatively self-explanatory, 90

and so there was no “tutorial stage” for cue usage, but several 91

subjects seemed confused when the Funnel appeared. We con- 92

sider that because there is no direct connection between the 93

rings of Attention Funnel, subjects did not have an intuitive 94

sense of how to follow it. Line Strip, however, shows the curve 95
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minimally, directly, and continuously, which may explain why1

it performed better than the Funnel.2

We suggest the difference in performance between guidance3

and restoration is due to differences in the tasks themselves.4

While the cues rendering directly in front of the user appears to5

be useful in guidance tasks, it may actually be a hindrance and6

distraction in restoration tasks.7

Because Line Strip and Attention Funnel render a visual8

component directly at the gaze point, we consider that these9

may benefit from the inclusion of eye tracking more than most10

of our studied cues. Without eye-tracking, cues would have to11

be rendered at at an approximated head gaze position, creating12

a potential offset between gaze and cue which may trigger extra13

motion or reflexive motion as the user is drawn first to the cue,14

then to the target. This is potentially evidenced by long guid-15

ance times with the Arrow Field cue, in which we expect users16

had to look for the arrows, then process the direction in which17

they were pointing.18

5.1.4. Arrow and Arrow Trail19

These cues are grouped together because they both place an20

arrow on an arc with head-to-arc distance equal to head-to-21

target distance.22

In the restoration task, Arrow Trail only performs better than23

Attention Funnel and worse than Highlight and DynSWAVE24

(Table 5), thus ranking around the middle. This is reinforced in25

the guidance task, where, for total guidance time, Arrow Trail26

performs better than Arrow, Border, Vignette, and Arrow Field,27

but worse than Highlight, DynSWAVE, Line Strip, and Atten-28

tion Funnel (Table 2).29

In the restoration task, Arrow is only shown to perform worse30

than DynSWAVE and Highlight. In guidance, it outperforms31

No Cue, Vignette, and Arrow Field, but performs worse than32

all others at least once.33

The Arrow’s problem may relate to the its placement between34

the gaze and the target. This offset was chosen in the tuning35

study and is a compromise between a near-target arrow that36

may be out of view and a gaze-placed arrow that must be first37

interpreted in-place to understand its direction. The user may38

“chase” an arrow in the periphery. In the restoration task (Fig-39

ure 7), there is a spike in lookback time for the 1-far-distraction40

narrow-targets case; since the distraction was farther away, the41

subject likely took more time to notice it was rendered. This42

spike happens to a lesser degree as well in the wide targets case,43

and was likely smaller due to the arrow’s offset (15% for wide44

compared to 45% for narrow) leaving it closer to the eye and45

more immediately noticeable.46

During guidance (Figure 3) we also see poor performance47

times in the wide targets cases, which appears to be worse with48

a short mandated dwell time. This is also replicated in move-49

ment time, and to a larger extent in dwell delay with a Short50

Mandated Dwell Time. This suggests that Arrow takes longer51

both to be noticed and to guide users. Longer dwell delay is52

likely caused by its peripheral design; longer movement time53

may be related to its tendency to incur error.54

Because the arrow does not directly connect to the target, if55

the eye is far away from the correct target and there is an incor-56

rect target along the path, it could appear like the arrow is point- 57

ing to the incorrect target. This is supported by Arrow showing 58

higher error counts than the ArrowTrail and LineStrip (which 59

do directly connect to the target) in both restoration (Figure 6) 60

and guidance (Table 6). 61

5.1.5. Vignette 62

Vignette had one of the highest median lookback times in the 63

restoration task (Figure 7); it was shown to be worse than High- 64

light, DynSWAVE, and No Cue. This holds true for lookback 65

error as well, where it performed worse than most cues (Table 66

6). The trend continued in the guidance task, where for total 67

guidance time it was only shown to perform better than No Cue 68

and Arrow Field. In closing subject interviews, they often said 69

they did not like how obtrusive it was and that it was too indirect 70

to see exactly where it was pointing. 71

Given its large and obtrusive nature, we expected a positive 72

aspect of the cue would be subjects immediately noticing it, 73

thus helping to lower guidance and lookback times. However, 74

this appeared to not be the case, as Vignette incurred more dwell 75

delay time than all conditions aside from No Cue and Arrow 76

Trail (Table 4). Additionally, like Border, Vignette uses a “cir- 77

cular” style of cue that indirectly suggests a broad potential of 78

target locations instead of a precise targeted area, potentially 79

evidenced by Vignette incurring more movement time (Table 80

3) and error (Figure 6) than most cues during the guidance task. 81

5.1.6. Arrow Field 82

Arrow Field has the second highest median lookback time 83

of all cues (Figure 7), and the worst overall performance of all 84

cues in the guidance task (Table 2). Subject interviews revealed 85

many thought it hurt more than it helped and that they didn’t 86

like having to look elsewhere at multiple arrows to find where 87

they were pointing. Two subjects asked if it was a misleading 88

cue designed to make the task harder. 89

We suspect poor performance was due to two primary fac- 90

tors. First, the arrows are not placed on a path between the gaze 91

point and target, likely meaning that to find the target, subjects 92

had to first move their gaze off the path to the target, then in- 93

terpret the direction, then move to the target. This is supported 94

by high lookback (Figure 7) and guidance (Figure 3) times, and 95

supports the idea that a cue’s position may better communicate 96

direction than its shape. Second, we suspect something about 97

the spherical coordinates on which it was placed made it not al- 98

ways obvious where any 1 arrow was pointing; if subjects didn’t 99

know to follow the arrow’s path on a sphere it might look like it 100

was pointing to a completely different target. This is supported 101

by Arrow Field incurring more errors during both restoration 102

(Table 6) and guidance tasks (Figure 6). 103

5.1.7. No Cue 104

No Cue performed surprisingly well during the restoration 105

task: it incurred the third lowest median lookback time, sig- 106

nificantly lower than Vignette and Attention Funnel (Table 5). 107

However, while subjects found the correct target quickly, look- 108

back error revealed that they were more likely to find incorrect 109

targets along the way (Table 6). We suggest this is because sub- 110

jects could remember roughly where the target they needed to 111
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look back to was, but did not have a visual pointing out exactly1

which target was correct.2

Results for No Cue only worsened for the guidance task3

where it incurred more total time, movement time, dwell de-4

lay, and errors than every other cue in at least one case (Table5

2), with results being particularly bad in the case of wide tar-6

gets. This is likely because wide target spacing makes it more7

difficult to both notice that the target has switched and quickly8

see which barrel is the correct target within periphery. We sug-9

gest the difference between performance in these tasks is due to10

memory of target position for restoration.11

5.2. Restoration vs. Guidance12

Judging from cue performance we see 2 main differences be-13

tween the 2 tasks: moving from restoration to guidance, Atten-14

tion Funnel and Line Strip perform much better and No Cue15

performs much worse. No Cue worsening likely points to a16

greater difference between the 2 tasks.17

In restoration, users already know where the target they need18

to return to is, and that they need to return to it. Critical here19

is that the distraction is brief and forced, analogous to quickly20

addressing a notification in a training simulation. The user is21

not necessarily mentally distracted from the task as they might22

be during a longer or more complex task. Since the user can23

keep in mind that they need to return, and they already know24

where the target is, a cue might actually distract them from get-25

ting back to it, as evidenced by the performance of cues like26

Attention Funnel and Arrow Field. When evaluating the ef-27

fect of Distraction Distance on No Cue, we also see particu-28

larly large time gaps between near and far distractions (Figure29

7), suggesting that when the subjects gazed far enough away30

from the target that it gets out of view, it may take longer to find31

again without assistance. Higher error counts also suggest that32

subjects were more likely to look at incorrect targets on the path33

to the correct one, a problem which may worsen with a higher34

number of denser targets.35

In guidance, the user does not know where the target will be36

and has to find it, explaining No Cue’s poor performance. Look-37

ing at total guidance time, when targets are narrow the user can38

at least get a general sense for where the next target might be39

(presumably using peripheral vision), so the performance isn’t40

dramatically worse than the worst cues, but when the targets are41

wide this worsens by several seconds.42

Ultimately, if the situation calls for a user with no knowledge43

of where they’re supposed to look to find a new target, a cue44

should definitely be used. If the situation calls for a user with45

previous knowledge of the target position to be guided back to46

the target, their own memory might be useful enough, but the47

lack of visuals may not snap them out of whatever distraction48

they’re currently in, or may lead them to incorrect targets first.49

The difference in cue effectiveness patterns between the two50

task types may point to the existence of other patterns for other,51

unconsidered tasks. More specific distraction situations may52

need to be studied for more targeted guidance.53

5.3. Distraction Breadth and Distance54

Distraction breadth referred to 1, 3, or 5 spherical objects55

in the distraction. Our initial expectation was that increased56

breadth would increase lookback time, as the added movement 57

and time could cause some forgetting about target position. Fig- 58

ure 7 appears to disprove this: most cues have a higher median 59

lookback time for 1 distraction than for 3 and 5. Also, breadths 60

3 and 5 tend to have similar lookback times. This is consistent 61

with pairwise tests, for which there is a difference between 1-3 62

and 1-5 pairs, but not between 3-5. 63

This may have more to do with the inertia or control of eye 64

movement than the cue. We speculate the following: with 1 65

distraction, the subject moves to the distraction, takes a short 66

pause to confirm that they’ve looked at the distraction and check 67

if other distractions are present, then reverses direction 180 de- 68

grees to move back to the target. With 3 or 5 distractions the 69

subject can move their eye over to the distraction space, pause 70

to recognize that they have reached it and that there are addi- 71

tional distractions, then when they complete the sweep they are 72

immediately aware that they can return and only have to change 73

direction by 90 degrees. 74

Distraction distance varied the distance from the target (close 75

or far). This varied the needed eye movement distance and put 76

the target further out of field of attention. 77

Wilcoxon tests showed that close and far distractions differed 78

with all other variables collapsed, and visual inspection sug- 79

gests more distant distractions produced higher median look- 80

back time in every case (Figure 7). While this is not surprising 81

in general, we do visually infer some interaction between Dis- 82

traction Distance and other variables besides cue. For example, 83

Arrow had a particularly large gap with 1 distraction and nar- 84

row targets and Attention Funnel had a large gap with 3 distrac- 85

tions/wide targets and 5 distractions/narrow targets, while cues 86

like Highlight and DynSWAVE have smaller gaps throughout. 87

This may suggest that some cues are more subject to ambiguity 88

in certain cases when the target goes out of field of attention. 89

5.4. Target Spacing Discussion 90

Target spacing was the spread of target barrels: narrow or 91

wide. When narrow, all barrels could generally be in view at 92

once, whereas with wide targets generally only 2-3 other targets 93

were in the field of attention at once. While the wider targets 94

also increase the amount of needed eye movement, we believe 95

it is this periphery effect that has the largest effect on perfor- 96

mance. It was our expectation that conditions using a narrow 97

target layout would result in faster times than those with a wide 98

layout. 99

In Figure 7 it appears this is not always true, as the medi- 100

ans sometimes overlap, though it is still often the case for cues 101

that don’t directly point to the target. Despite this, the wilcoxon 102

test between narrow and wide did show differences (p < .001) 103

though the effect is likely not large. However, looking at Figure 104

3, we see the effect appears much larger in the guidance task; 105

there was a general gap between most cues, and a larger gap in 106

cues that do not directly connect to the target. Looking at the 107

breakdown of guidance time, it appears that most of this differ- 108

ence was in movement time, and not dwell delay. The larger 109

gap in time for the guidance task compared to restoration may 110

be due to the task trial generally taking longer (thus allowing 111

time for gaps to become more pronounced) or because of some 112

inherent difference in the task. 113
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6. Conclusion1

When discussing a preferred cue, we provide 3 main recom-2

mendations. If it is possible to include in the environment de-3

sign, a well designed Highlight cue can provide quick guidance4

or restoration as long as the targets are within view, and is us-5

able with multiple targets. If there is a singular out-of-view tar-6

get, DynSWAVE will quickly grab the user’s attention in either7

a restoration or guidance task. If DynSWAVE is too obstructive8

for the application environment or task, LineStrip along a curve9

will provide quick guidance and may be usable with multiple10

targets, but may not be appropriate for attention restoration. In11

fact, a designer may opt to show no cue for a restoration task12

unless they can confirm the user is actually distracted in a way13

that affects memory of prior visual targets.14

Our work also gives insight into the nature of tasks used for15

these studies. Many prior works have focused on guidance-16

based tasks when evaluating cues. Results here show that those17

results are not directly applicable to an attention restoration18

task. Given the prevalence of distraction in VR environments,19

more research may need to be done specifically into restoration20

tasks.21

Limitations and Future Work. Although we accounted for22

many variables within our restoration and guidance tasks, cues23

can still be tested in a variety of other conditions to see if they24

work in practical applications. For example, all of our targets25

were still and generally in front of the user, and the environment26

was static and designed with a small palette of colors. Distrac-27

tions were not spontaneous, as the study needed to present many28

distraction events in a limited time, so the extent to which cues29

grab attention for an occasional or spontaneous distraction is30

not assessed.31

Future work will attempt to overcome these limitations. By32

using a more natural educational or training environment with33

a real-world task, we can study the effects of cues in a more34

realistic setting. Targets can have more variable locations to35

test cues’ abilities to guide attention to targets behind the user,36

and the environment can be more visually varied to test their37

ability to stand out to the user. A more sophisticated dis-38

traction simulator can allow for varied and controlled distrac-39

tions that further guarantee a user will actually be distracted40

(e.g. unprompted noises, simulated phone notifications, etc...).41

Cues can be combined to take advantage of their strengths in42

given circumstances. This will give more insight into attention43

restoration as a task and how cues respond to more widely vary-44

ing conditions. Further insight into studies of these tasks could45

also breakdown how subjects spend their time during trials and46

general eye movement patterns to see if those differ between47

cues as well.48
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Appendix A. Preliminary Tuning Study 82

Appendix A.1. Overview and Environment 83

A preliminary study was conducted to guide the selection 84

of good cue parameters for fairer comparison of cues in the 85

main study (selecting reasonable and consistent parameters). 86

We used an 8x2 within-subjects design. Independent variables 87

were the 8 visual cues and 2 target spacing options (narrow and 88

wide layouts). Highlight was excluded. 89

All experiments used a virtual offshore oil rig environment, 90

with users seated at a station near the top of the rig. Blue barrels 91

and other environment objects (Figure 2) were used as targets. 92

For narrow spacing, there were 4 target barrels, with moderate 93

space between them, all visible at once, and placed on a plat- 94

form. For wide spacing, there were 2 barrels spread out on the 95

platform and a helicopter and crane as added targets to the left 96

and right, not fitting in a single view. 97

Appendix A.2. Participants and Apparatus 98

13 subjects participated in the tuning study. Each subject 99

used a Vive Pro Eye headset with one controller used for ray- 100

based menu interaction. Experiments were run on an Alienware 101

Aurora R9 with an Intel i7-9700K processor, 64GB of RAM, 102

and GeForce RTX 2080 Super graphics card. 103

Appendix A.3. Parameters 104

The cue parameters for each cue are shown in Table A.8. In 105

terms of visuals, most cues share two common parameters: the 106

rate at which the cue fades when gaze approaches the target and 107

cue size. Those with a placement parameter are either placed 108

along an arc (the shortest path along a head-centered sphere) 109

or cubic Hermite curve. In order to handle objects in the VR 110

scene occluding our cues, select cues are rendered such that 111

they appear through other objects. 112

Table A.8. Parameters for each Visual Cue
Cue Parameter 1 Parameter 2 Parameter 3
Highlight N/A N/A N/A
Arrow Offset From Gaze Fade Arrow Size
Arrow Trail Placement Fade Arrow Size
Arrow Field Number of Arrows Fade Arrow Size
DynSWAVE Wave Speed Fade Intensity
Border Boundary Fade Movement
Vignette Darkness Close Speed Aperture Size
Line Strip Placement Fade Line Width
Attention Funnel Rings or Goals Fade Ring/Goal Size
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Table A.9. The most often-selected parameters for each cue in the tuning
study. A / indicates a tie between 2 values.

Arrow Offset Fade Size
Narrow 45% Small Medium
Wide 15% Small Medium/Large

Arrow Trail Placement Fade Size
Narrow Along Arc Small Medium
Wide Along Arc Small Medium

At Funnel Rendering Fade Size
Narrow Rings Small Small
Wide Goalpost Edges Medium Small

Arrow Field # of Arrows Fade Size
Narrow Medium Small Medium
Coarse Medium Small Medium

Line Strip Placement Fade Size
Narrow Along Curve Small Medium
Wide Along Curve Small Medium

Vignette Close Speed Darkness Size
Narrow Medium Dark Small
Wide Medium Light Medium

Border Boundary Fade Movement
Narrow Narrow/Medium Small Ping Pong
Wide Medium Small/Medium Standard

DynSWAVE Intensity Fade Wave Speed
Narrow High Small Medium
Wide High Medium Medium

Appendix A.4. Procedure1

After filling out a consent form, a background question-2

naire, and undergoing eye tracking calibration, each subject per-3

formed two stages of tuning (one each for wide/narrow layouts).4

Each stage presented the 8 visual cues in a random order. Sub-5

jects changed the three parameters of each cue to find values6

that they believed to best guide their attention to the target. Ini-7

tial parameter values were randomized per cue.8

Subjects were asked to “adjust all settings to best draw your9

attention to the correct blue barrel when you are looking at the10

nearby blue barrels. But avoid settings you find too uncomfort-11

able” (slightly reworded for the wide spacing). In addition to12

tuning parameter values, subjects were asked which cues they13

like and disliked, and they were asked to explain (this aspect14

is not detailed here because it is studied in depth in the main15

experiment).16

In the narrow target spacing stage, participants were placed17

before a group of four closely spaced blue barrels. In the wide18

target spacing stage, the number of barrels was reduced to 2 and19

a helicopter and crane were added as targets, with target spacing20

placing some targets out of the field of view at all times.21

Appendix A.5. Results22

Table A.9 shows the most commonly selected parameter val-23

ues for each cue with wide and narrow targets.24

For Arrow, the main difference in parameter choice between25

narrow and wide targets was the offset. The most commonly26

picked value for offset with narrow targets was 45%, whereas it27

Fig. A.10. Amount of eye movement performed throughout an 8-target trial
for each cue (in degrees).

was only 15% with wide targets. This is likely due to the fact 28

that when viewing similar objects in a small area, the lower off- 29

set clears up any ambiguity. We additionally see a tie between 30

arrow size selections for wide targets. This may indicate that 31

some subjects prefer a larger Arrow when looking for objects 32

spread throughout a scene. 33

Differing from Arrow, participants most commonly selected 34

small sizes for the Attention Funnel objects. This may be due to 35

its obtrusiveness, which one subject noted. In terms of the ren- 36

dering technique used, subjects preferred the rings for fine tun- 37

ing and the goalpost edges for coarse tuning. For consistency, 38

we used the rings rendering technique in the main comparison 39

study. 40

For Vignette, the majority of subjects chose a dark, small 41

tunnel for narrow targets and a light, medium sized tunnel for 42

wide targets. Based on this, it appears that a more aggressive 43

tunnel may be necessary to find the correct object with narrow 44

targets, where the target object may be hard to discern. 45

There were no differences in the most commonly selected 46

parameter values for narrow and wide targets with the Arrow 47

Field. Subjects preferred the medium setting for # of arrows, 48

which is not in line with subject feedback in later studies, where 49

subjects indicate there are not enough arrows for narrow targets. 50

This may be a problem inherent to the cue, though, as one sub- 51

ject noted that the cue is ambiguous regardless of the setting. 52

The most common DynSWAVE selections were similar be- 53

tween narrow and wide targets, with the only difference being 54

the fade rate. Despite saying that the cue was disorienting, 55

participants chose a high intensity (many smaller waves) and 56

medium wave speed. 57

There were no differences in selected settings between nar- 58

row and wide targets for either Line Strip or Arrow Trail. Both 59

cues displayed a continuous object(s) along an arc or curve, but 60

subjects chose the arc version for Arrow Trail and the curve 61

version for Line Strip. 62

For Border, only the selected movement setting differed be- 63
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Table A.10. Pairwise comparisons for total eye movements between differ-
ent cues. One pairwise test was performed for each combination of Target
Spacing and Dwell Time levels, making a total of 4. Number and color show
the number of significant differences found between the pairs (p < .05 after
Holm correction). Sign indicates if the row’s cue had a lower total amount
of movement than the column cue.

Cue Hi LineS DynS AtFun ArrT Bor Arr Vig ArrF NoCue
Hi 0 0 0 0 0 0 0 -3 -4 -4
LineS 0 0 0 0 0 0 0 -4 -4 -3
DynS 0 0 0 0 0 0 0 -4 -4 -3
AtFun 0 0 0 0 0 0 0 -4 -4 -3
ArrT 0 0 0 0 0 0 0 -4 -4 -3
Bor 0 0 0 0 0 0 0 -3 -4 -3
Arr 0 0 0 0 0 0 0 -4 -4 -4
Vig 3 4 4 4 4 3 4 0 -1 -2
ArrF 4 4 4 4 4 4 4 1 0 -2
NoCue 4 3 3 3 3 3 4 2 2 0

Fig. B.11. Amount of head movement performed throughout an 8-target
trial for each cue (in degrees).

tween wide and narrow targets. This may be partly due to con-1

fusion about how Border’s movement parameter worked, as the2

ping pong effect is minimally noticeable with high amounts of3

eye movement.4

When carrying over tuned settings to restoration and guid-5

ance stages, we decided to keep the fade parameter consistent6

across cues and target spacings to remove fade as a confounder.7

Given that a small fade was chosen for most (11) conditions, we8

set all fade parameters to small. To ensure subjects would not9

view rings and goalpost versions of Attention Funnel as two10

separate cues, we set rendering method to rings for all condi-11

tions. When two settings tied (e.g. medium and large arrows12

with wide targets), we chose the setting that made the cue con-13

sistent between target spacings (e.g. medium for arrow size).14

Appendix B. Additional Metrics15

Other secondary measures were taken during the attention16

guidance stage. After analysis, these were considered to not17

substantially augment the current findings, but are included here18

for completeness. Other secondary measures include total eye19

and head movements. These movements are summed from the20

Table B.11. Pairwise comparisons for total head movements between dif-
ferent cues. One pairwise test was performed for each combination of Tar-
get Spacing and Dwell Time levels, making a total of 4. Number and color
show the number of significant differences found between the pairs (p < .05
after Holm correction). Sign indicates if the row’s cue had a lower (better)
time than the column cue.

Cue Hi LineS DynS AtFun ArrT Bor Arr Vig ArrF NoCue
Hi 0 0 0 0 0 0 -2 0 -4 -2
LineS 0 0 0 0 0 0 -2 0 -3 -2
DynS 0 0 0 0 0 0 -1 0 -2 -2
AtFun 0 0 0 0 0 0 -1 0 -2 -2
ArrT 0 0 0 0 0 0 -2 0 -2 -2
Bor 0 0 0 0 0 0 1 0 0 -2
Arr 2 2 1 1 2 -1 0 1 0 -2
Vig 0 0 0 0 0 0 -1 0 -1 -2
ArrF 4 3 2 2 2 0 0 1 0 -1
NoCue 2 2 2 2 2 2 2 2 1 0

changes in angle between gaze or head-forward vectors and 21

vectors to the target on every frame. 22

Subject eye and head movements were captured throughout 23

each guidance task trial. Movements were totaled from per- 24

frame angular (degree) changes throughout the trial, and are 25

summarized in Figures B.11 and A.10. Movement totals follow 26

a similar distribution as time metrics, and as such are analyzed 27

with Friedman and pairwise Wilcoxon tests. Analyses are sum- 28

marized in Tables B.11 and A.10. We assume a better cue will 29

incur lower amounts of movement, as more movement likely in- 30

creases the amount of time to find the target and, after repeated 31

attempts, may cause fatigue. 32

Eye movements follow a similar trend as guidance time, 33

though with fewer significant differences between cues. Only 34

Vignette, ArrowField, and NoCue are shown to incur signifi- 35

cantly more eye movement than the rest of the cues. Not sur- 36

prisingly, the wide targets case incurred much more eye move- 37

ment, and No Cue shows a larger spike in movement than with 38

narrow targets. 39

Head movements follow a similar pattern as eye movements 40

with a few notable exceptions. Head movement is near 0 for 41

all cues in the narrow targets case. Only Arrow Field differs 42

from any other cue when targets are narrow, likely implying 43

that subjects had to move their heads to see the various arrows 44

around the scene. When targets were wide, Arrow incurred sig- 45

nificantly more head movement than most other cues. We ex- 46

pect this is due to the arrow’s offset between the gaze point and 47

the target; it may have encouraged users to “chase” the cue with 48

head movements in addition to eyes. 49

Interestingly, Vignette was shown to incur more eye move- 50

ment than most cues (in addition to performing worse in most 51

other metrics), but did not differ significantly from most cues 52

in head movement. We infer that something about the cue’s 53

design encouraged subjects to search through targets with their 54

eyes, but maintain minimal motion with their heads. 55
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