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Attention: Pre-attentive Processing

• Occurs early in visual processing 

• Operates in parallel across the entire visual field

• Rapidly extracts basic features such as 

color, forms, position, and motion (Müller & 

Krummenacher, 2005)

• Mainly automatic  (Müller & Krummenacher, 

2005)

• Does not require focused attention (Müller & 

Krummenacher, 2005)
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Attention: Attentive Processing 

• Binds features into coherent objects

• Pre-attentive and attentive processing bind features to a single representation 
requiring selective attention (Roskies,1999; Treisman,1996;  Wolfe, 2021; Wolfe & 
Cave,1999)

o Selective

oAllows for the prioritization of relevant stimuli (Posner, 1980; Chun et al., 
2011) 

o Focused

o concentration and sustained allocation of cognitive resources on the 
selected target or task (Posner, 1980; Chun et al., 2011) 
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Visual Search

6



Visual Search: Top Down vs. Bottom Up

Simple searches
• Bottom-up salience may be sufficient 

(Wolfe & Horowitz, 2017)
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Complex searches
• Greater top-down control required (Wolfe & 

Horowitz, 2017)



Visual Search: Feature vs Conjunction 

• Treisman & Gelade (1980) distinguished between feature and 
conjunction search 

• T and L paradigm
• Searching for a target letter among distractor letters 

(Treisman & Gelade, 1980)
• Feature search

• Efficient, parallel processing, reaction time independent 
of set size (Treisman & Gelade, 1980; Wolfe, 1994)

• Conjunction search
• Less efficient, serial processing, reaction time increases 

with set size (Treisman & Gelade, 1980; Wolfe, 1994)
• Cues can enhance search efficiency by guiding attention to 

target features (Wolfe, 2021)
• Color
• Size
• Orientation 

https://www.hse.ru/en/news/research/416770056.html 8
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Visual Search: Efficiency of Search 
Search array 

• The number of items or elements in the 
visual scene or display that must be 
searched (Wolfe, 2021) 

• ↑ complex search array = ↑ attentional 
resources

• Makes it difficult to locate the target 
stimulus (Wolfe, 2021) 

• This complexity is particularly relevant in 
bottom-up processing, where salient or 
unexpected stimuli in the environment can 
capture attention in a data-driven manner 
(Wolfe, 2021) 

• Top down processing can guide attention 
toward relevant stimuli in the search array  
(Desimone & Duncan, 19995). 
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Visual Search: Efficiency of Search 

Target template specificity 

• The precision and detail of the internal 

representation or template of the 

target stimulus that the observer holds 

in their mind (Olivers et al., 2011)

• Well defined features, facilitates top-

down attentional guidance, allowing 

the observer to selectively attend to 

stimuli that match the template and 

ignore irrelevant information (Olivers 

et al., 2011)
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Visual Search: Efficiency of Search

Priority map

• Theoretical construct representing the overall 

priority of each location in the visual field (Bisley & 

Goldberg, 2010; Fecteau & Munoz, 2006)

• Combines bottom-up salience and top-down 

relevance

• Coarse representation of features; fine 

discriminations require attention (Anderson et 

al., 2016)

• Factors influencing the priority map (Wolfe, 2021)

• Salience

• Observer's goals

• Learned associations

• Rewards
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Visual Search: Measuring Efficiency
Reaction time

• Widely used to assess visual search efficiency

• Slope of the RT × set size function serving as an 
indicator of search efficiency (Palmer et al., 2000)

• Reaction time used to distinguish feature vs. 
conjunction search (Treisman & Gelade (1980)

• Reaction time increased with set size in conjunction 
search (Wolfe et al., 1989)

• Guided Search model used reaction time to assess 
search efficiency (Wolfe, 1994): 

• Reaction time used to compare fixation-based and 
item-based search theories (Hulleman & Olivers, 2017)

• Reaction time used to assess the impact of target-
distractor similarity on search performance (Hulleman 
& Olivers, 2017)
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AR Research
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AR Studies
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Wieland et al., 2022

Zhao et al., 2016 

Warden et al., 2022 
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Chen et al., 2019 Arena et al., 2022 Dargan et al., 2023

• AR is applied in many fields
• Cloud computing issues
• User experience issues
• Connection issues
• Feature point information 

issues

• Rapidly evolving field 
• Interoperability issues
• Compatibility issues
• Need for improvements in 

artificial vision modules
• Most research done with key 

words
• virtual reality 
• design 
• education 

• Designs are overloaded and 
users often ignore virtual 
augmented keys

• Hardware and software 
issues

• Limitations in terms of 
contrast, vision, and 
resolution

• Eyestrain issues
• Navigation techniques are 

distracting 

AR Meta-analyses 
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Question of Interest
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1. How can we design features in augmented reality with a 
visual science perspective?

2. How can augmented reality facilitate visual search 
research?



AR Stimuli 
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Arrow 

• Represents a more symbolic and conceptual 
approach to guiding attention

• An explicit directional cue, the arrow taps 
into users' pre-existing knowledge and 
expectations about how to navigate and find 
objects in space

• Previous studies have shown that arrow 
cues can effectively guide attention and 
facilitate target detection in a variety of 
contexts (Weiland et al., 2022;Zhang et al., 
2023)
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AR Stimuli 
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Motion spline
• A dynamic, eye-catching path that leads 

users directly to the target object by 
following motion towards the object

• Wallgrun et al. (2020) found that path 
planes, a series of waypoints from the user's 
location to the target, outperformed 3D 
arrows and point-of-interest maps

• Research has demonstrated the strong 
attention-capturing power of motion cues
• Wolfe proposed motion as a possible 

low level feature that guides attention 
(Franconeri & Simons, 2003)
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Design

3 x 3 mixed factorial design

• Two IVs

1. AR Guiding feature (arrow, motion spline, and no cue) and

2. Task difficulty level defined by number of distractors present (low, medium, and high)

• Two DVs

1. Search time 

2. Questionnaire responses assessing 

1. Workload (NASA-TLX)

• Two CVs

1. Cybersickness (ARSQ)

2. ADHD
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Aims and Hypothesis
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1. To assess if guiding features in augmented reality lead to faster search time and less workload 
in the visual search task
1. Search times will be faster when using augmented reality guiding features (arrow and motion 

spline) compared to no cue (control), with the motion spline condition showing the shortest 

time to find the target 
2. Workload will decrease when using augmented reality guiding features (arrow and motion 

spline) compared to no cue (control) 

2. To assess the effects of trial difficulty and guiding features in augmented reality
1. Search time will be affected by the guiding feature and difficulty level, with the motion spline 

cue resulting in significantly faster search times than static guiding feature (arrow) for difficult 

trials

3. To assess if guiding features in augmented reality cause fatigue
1. Participants in the static guiding cues will exhibit less AR fatigue than those in the non-

static conditions



Methods

Participants 

• 54 participants selected via SONA

• 18-28 years (M = 19.18, SD = 1.68)

• 33 females and 18 males
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AR Stimuli 
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Methodology 

Procedure 

• Participants are screened for eligibility criteria 

• Presented with consent form 

• Pre training (Motion spline, Arrow, or No Cue) 

• Task (Motion spline, Arrow, or No Cue) 

• Survey 
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Results
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Results
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ARSQ Workload ADHD Overall Search Time

ARSQ 1 .427 .557 .095

Workload 1 .878 .448

ADHD 1 .859

Overall Search Time 1

ARSQ ADHD Condition

Workload 0.4976 0.7522 0.3060

Overall Search Time 0.0795 0.3784 0.0591

Note: ***p <.001; **p<.01; *p<.05

• The overall MANCOVA was not 
significant, F(2,46) = 1.95, p =.108. 
Running the separate ANOVAs for 
the DVs

• Condition type did not significantly 
effect workload when controlling 
for cybersickness (ARSQ) and 
ADHD, F(2,46) = 1.2151, p = 0.3060

• Condition type did not significantly 
effect overall search time when 
controlling for cybersickness 
(ARSQ) and ADHD, F(2,46) = 
3.0093, p = 0.05913



Results
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Condition

Workload 0.2612

Overall Search Time 0.0484*

• The overall MANOVA was not 
significant, F(2,49)= 2.07, p= 0.090

• Condition type did not significantly 
effect workload: F(2,49) = 1.3798, p 
= 0.2612

• Condition type significantly 
effected overall search time, 
F(2,49) = 3.2223, p = 0.0484

• Tukey HSD test revealed a 
significant difference in search time 
between the arrow and motion 
spline (p = .043), with a difference 
of 36.85

Difference p

Motion - No cue -26.38700 0.1796651 

Arrow - No cue 10.46393 0.7349018 

Arrow - Motion 
Spline 

36.85093 0.0425573* 

Note: ***p <.001; **p<.01; *p<.05



Results
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Condition Difficulty Condition x Difficulty

Search Time 0.689 6.28e-06 
*** 

0.897 

Note: ***p <.001; **p<.01; *p<.05

Difference p

Low - Medium 116.05 <.0001 ***

Low - High 110.06  <.0001 ***

Medium - High -5.99 0.9669 

• Condition type did not effect search 
time, F(1,147) = 0.161, p = .689

• Difficulty level did have a significant 
effect on search time, F(2,147) = 
13.010, p < .001

• No significant interaction between 
condition and difficulty level on search 
time, F(2,147) = 0.109, p =.897. 

• A significant difference in the search 
time between 
• Low difficulty level and medium 

difficulty level (p < .0001)
• Low difficulty level and high 

difficulty level (p < .0001)
• No significant difference between the 

medium and high difficulty levels (p = 
.9669)



Results
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t p

concodes -.0299 0.766 

• The regression analysis revealed that 
the predictor variable "concodes" was 
not statistically significant  p = 0.766

Note: ***p <.001; **p<.01; *p<.05



Discussion
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Implications
Hypothesis 1

• Motion spline outperformed arrow cue in search time

• No significant difference between motion spline and 
no cue

• Motion as a low-level feature may guide attention 
effectively

• Importance of cue design and task complexity in AR visual 
search
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Hypothesis 3

• No significant difference in cybersickness between 
conditions

• Motion spline shows promise for efficient, non-obtrusive 
guidance

• Potential for developing user-friendly AR guidance 
systems

Hypothesis 2

• Difficulty levels affect search time, but not as expected

• Potential priming effect in medium and high-difficulty 
trials

• Need for better isolation of difficulty levels in 
experimental design

• Importance of considering visual science principles in AR 
research



Limitations and Alternative Explanations
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• Sample Size and Variability 

• Participant Motivation 

• Technical Issues 

• Experimental Design Considerations 

• Further Research Needed



Future Directions

• Enhanced Experimental Setup 

• Improved Instructions 

• Expanded Guiding Cue Evaluation 

• Gaze Pattern Analysis 

• Color Priming Investigation 

• Attention Process Isolation 

• AR Interface Development 

• Broader Applications and Implications
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