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Abstract

Augmented reality systems commonly employ overt cueing
to direct a user’s attention and guide their actions. Spa-
tial augmented reality based supraliminal annotations have
been shown to improve user performance compared to LCD
screens. This paper explores subliminal cues: annotations
that exist below the threshold of consciousness. We investi-
gate whether subliminal cueing is technically possible with
standard data projectors, and if subliminal cues can further
improve users’ reaction time in procedural tasks. This pa-
per describes a new technique for temporal subliminal cues
in spatial augmented reality, and presents the results of three
user studies evaluating the effectiveness of this technique in
a button-pressing task. The results show that the presenta-
tion of annotations is indeed subliminal, in that the visual
stimulus was not perceivable to users. We found a statisti-
cally significant improvement in task performance when us-
ing subliminal cues and supraliminal annotations, compared
to supraliminal annotations alone, with mean trial times im-
proving from 633.49ms to 604.64ms.

Keywords: Spatial Augmented Reality, Subliminal Cue-
ing, User Interfaces, User Study.
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1 Introduction

This paper presents a new subliminal cueing [36] mechanism
to enhance Spatial Augmented Reality [25] (SAR) annota-
tions. Subliminal cueing refers to the presentation of a stim-
ulus below the threshold of awareness, for the purpose of
priming or directing a behavior. This work extends investi-
gations into the effectiveness of SAR in providing guidance
for procedural tasks [18, 1]. This investigation was addition-
ally motivated by work in providing SAR cues to automotive
spot welders [37]. To our knowledge, we are the first to apply
spatial subliminal cueing to spatial augmented reality.

There have been a number of investigations into how to
present SAR-based information to users in domains such as
automotive manufacturing [37]. There are some issues re-
garding the proper presentation of this information, and we
have been interested in improving legibility, comprehension,
attention, and reducing cognitive load [1]. To date supralim-
inal, consciously perceived, augmented reality cueing tech-
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Figure 1: A participant takes part in our subliminal cueing experi-
ment.

niques are employed with a prominent cue to highlight the
point or region of interest with projected light [24].

Subliminal cueing has a number of potential advantages
over supraliminal cueing alone. Principally, subliminal cues
have been shown to capture and direct attention, as well as
support the semantic link between objects that results from
the cued redirection of attention [6]. Subliminal process-
ing is thought to rely on distinct, reduced neural processes
compared to conscious or preconscious (carries sufficient ac-
tivation for conscious awareness, but is temporarily buffered
by lack of attention) processing [7]. This potentially pro-
vides a means to facilitate attention and subsequent action
in a real-world scenario without compromising or diverting
attention from other important functions.

There are at least three particular means of presenting
visual subliminal information for which robust behavioral
effects have been reported. One method involves very mo-
mentarily presented visual stimuli. Presentation was tradi-
tionally made by a tachistoscope [20], a device for carefully
controlling the exposure duration of a visual stimulus. Mod-
ern display technology performs the same function. Movie
advertising was made famous with this method by inserting
single frames containing advertising images in the film stock.
A second method is to adjust the colorimetric values of an
embedded image to place the image below a user’s threshold
of consciousness [36]. A third method consists of embedding,
hiding or masking imagery or text in a pictorial image [21].

This paper explores utilizing these psychological concepts
to support application areas such as automotive assembly
support and product design techniques that employ SAR-
based supraliminal cues [34]. Throughout this paper, an up-
per limit of 50% will be applied to the detection of subliminal
cues. If participant detection rates are lower than this limit,
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the cue will be deemed subliminal. This definition of sublim-
inal cues is often used throughout the literature [35, 21, 10].
The paper investigates the two research questions:

1. How do you design and display a subliminal cue in a
SAR environment?

2. Does this new SAR subliminal cue reduce the time
taken for a user to complete a procedural task?

The paper presents a new spatial augmented reality sub-
liminal cue to reduce user reaction time and direct them to
press a particular button. This new cue extends the work of
Marner et al. [18] by employing the same SAR cue (Figure
2) that demonstrated improved user performance with SAR
over a traditional monitor presentation. Our new subliminal
cue extends this with the addition of a masked subliminal
cue design from psychology, as presented by Mulckhuyse et
al. [23], displayed with standard projection technology.

Figure 2: SAR annotations as used in a previous user study.

2 Background

This section provides an overview of subliminal cueing re-
search as it applies to this investigation. We also give an
overview of AR and SAR research that has investigated aug-
mented annotations and user performance.

2.1 Applications of Subliminal Cueing

Subliminal cueing has been applied to a wide range of
human-computer interaction domains [29], such as ubiqui-
tous computing [28], automotive driving [27], and computer
supported learning [4].

Chalfoun and Frasson [3] improved learning by employing
cognitive priming, a special case of subliminal perception
where the stimulus used is aimed to improve cognitive pro-
cesses such as reasoning or decision making with the aim of
better knowledge acquisition. They performed experiments
on a traditional workstation and monitor. They found that
the reasoning ability of learners is strengthened by the addi-
tion of information outside of conscious awareness, and the
supplementary cognitive data does not impede or disturb
current cognitive processes.

Chang and Ungar [5] employed subliminal cues for the
smoothing of animation effects in graphical user interface
tasks. They leveraged animator techniques of including both
leading and trailing blurs to provide the user’s visual system
with the essential subliminal cues that are critical in main-
taining the illusion of fast motion. A second effect of arcs
provides a subliminal cue of organic movement.

Larsen [16] investigated the use of subliminal perception
to provide help utilizing the semantic priming effect and pre-
senting symbolic information. The author was investigating
how to incorporate subliminal cues into 3D computer games
as a form of continuous help. They did not find a general sta-
tistical effect, but the results indicated the effect was more
prominent in particular participants.

Luboschik and Schumann [17] investigated illustrative ha-
los in information visualization. Graphical halos improved
the visual partition of objects from the background. The
authors employed semitransparent, monochrome halos to in-
vestigate the use of subliminal images and suggestions that
are frequently realized in artistic drawings.

Hilsenrat and Reiner investigated haptic subliminal per-
ception in virtual reality environments [14]. They found
participants modified their manual behavior in the pres-
ence of haptic subliminal cues that were presented with a
PHANToM haptic device. Duval et al. [8] performed a
set of visual cueing experiments using a monocular non-
see-through MicroOptical QVGA clip-on HMD. The authors
developed a just-in-time memory support application to im-
prove the user’s memory of face-to-name associations. There
were three experimental conditions: Correct cues, mislead-
ing cues, and absent cues. They found that correct cues sig-
nificantly improved performance, but that misleading cues
did not significantly decrease performance.

Mulckhuyse et al. [22] developed a method for measur-
ing participant reaction to subliminal cues. Their main ex-
perimental task had two conditions: Short stimulus-onset-
asynchrony (SOA), and long SOA, which dictated the use of
a delay period before displaying the target stimulus. Their
procedure had participants seated in front of a computer
monitor, with their head position controlled by a chin rest.
Their vision was fixated upon a cross in the center of the
screen. This fixation cross was removed and replaced, af-
ter a delay of 200ms, with a gray disc either to the left or
right of center. This disc served as the subliminal cue and
was displayed for 16ms. If the long SOA condition was be-
ing tested, all three discs were displayed for 1000ms, then
a dot appeared for 80ms inside one of the discs, indicating
the target. In the short SOA condition, the 1000ms delay
was removed and instead, the target would appear simulta-
neously with the other two discs. Participants were required
to press the ‘space bar’ as soon as the target was detected. A
secondary task was also performed to detect participant cue
perception ability. In this task, the participant was required
to press either the ‘z’ or ‘m’ key if they detected an earlier
onset of the left or right disc, respectively. Mean detection
performance for the cue report task was 50%. In the short
SOA condition of the main task, detection times at a cued
location were significantly faster than at an uncued location;
402ms versus 413ms. Conversely, this effect was reversed in
the long SOA condition.

2.2 Augmented Reality Annotation

Augmented reality annotations have long been seen as a way
of increasing the user’s understanding of the world around
them [9], or to direct the user’s focus and attention [31].
AR is able to provide in-situ annotations in the user’s view.
Extensive research has been carried out evaluating the effec-
tiveness of AR annotations.

Tang et al. [33] investigated the use of AR for assembly
tasks. They found users were significantly faster in complet-
ing a 56 step Duplo construction task using AR instructions
compared to printed instructions. However, their results
found no significant difference between AR and monitor-
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