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FlashCue

Figure 1: FlashCue is a notification for extended reality (xR) devices that momentarily displays visual information, thereby
enabling notifications to be delivered to the user without obstructing their field of view. This information is delivered through
the color and position of the notification, enabling users to quickly and efficiently read simple visual information.

Abstract
We present FlashCue: a visual notification method designed to
deliver simple cues in extended reality environments. FlashCue
provides the userwith visual stimuli for an extremely short duration,
allowing notifications to be delivered without obstructing the user’s
field of view. By varying its color and display position, FlashCue can
present different types of notifications. In this study, we examined
the range of notifications that FlashCue can deliver. Our results
indicate that, with its display duration of 1/90 second, FlashCue
can deliver 32 distinct notifications by combining four colors with
eight display positions.
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1 Introduction
A notification is a visual, auditory, or haptic alert designed to cap-
ture users’ attention and proactively deliver information [5, 19, 36].
Users encounter numerous notifications daily, such as those from
smartphone applications and email clients [33, 35]. These notifica-
tions are traditionally delivered on devices such as smartphones [17,
29] and desktop computers [20, 33, 47]. However, given the advance-
ment and widespread adoption of smart glasses and head-mounted
displays (HMDs), new notification methods have been proposed
for extended reality (xR) environments, which include augmented
reality (AR) and virtual reality (VR).

While visual notifications are commonly used in xR environ-
ments, they can be unsuitable in certain situations because they
block the user’s field of view (FOV). For example, visual notifications
delivered while a user is walking or driving can potentially lead to
collisions. Non-visual notifications that rely on sound and haptic
feedback are often employed to address this limitation. However,
audio notifications can be missed by the user in noisy environments
and are often not socially acceptable in public spaces. Furthermore,
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vibration-based notifications are limited in variety and unable to
deliver large amounts of information [43, 46].

In this article, we propose FlashCue, a visual notification method
that presents simple visual cues in the user’s FOV for an extremely
brief duration. Because FlashCue appears momentarily, it mini-
mizes disruptions to the user’s FOV. Thus, even though FlashCue
relies on visual information, it can function similarly to non-visual
notification methods. Furthermore, by varying its color and layout,
a wide range of notifications can be delivered using FlashCue and
no other notification systems. For example, briefly displaying a
blue FlashCue on the left side of the screen informs the user that
they have received an email from their family (Fig. 1). In this way,
adjusting FlashCue’s position or color makes it possible to encode
information such as the sender or content type of an email.

To the best of our knowledge, no prior studies have examined
notification methods that use momentary visual stimuli; therefore,
little is known about the optimal display duration or placement for
such stimuli. Therefore, we sought to determine the appropriate
display time for FlashCue and the number of notifications it can
convey. In Study #1, we examined the recognizable display duration
and opacity of FlashCue. Results showed that participants could
recognize FlashCue even with a very brief display duration (1/90
s ≈ 0.011 s) and preferred an opacity of 75%. Study #2 assessed
whether participants could recognize FlashCues while performing
other tasks. The results indicated that participants were able to
distinguish 32 types of FlashCue with an error rate of 5.73% while
solving a calculation problem or watching videos.

2 Related Work
In this section, we discuss notification methods in xR environments
and the human ability to recognize rapidly presented visual infor-
mation.

2.1 Notification Method in xR Environments
Since xR technologies enable the seamless integration of digital
content into users’ physical surroundings, researchers have inves-
tigated notifications designed specifically for xR conditions, such
as walking [4, 12, 45], cycling [28], remote collaboration [3], or
face-to-face conversations [15, 22, 41].

The presentation of visual notifications in xR environments can
obstruct the user’s FOV, causing visual occlusion and distraction,
resulting in interference with user behavior [6, 28, 37, 41]. Research
has shown that the presentation and placement of xR notifications
significantly influence response time, noticeability, distraction, and
intrusiveness [8, 42]. Various methods have been proposed to ad-
dress these challenges, including adjusting the display position of
notifications [31, 39, 45], metaphors of notifications [38], and pre-
senting notifications at opportune moments [2, 27]. For instance,
Shin et al. [45] investigated the opacity and position of notifications
in video see-through AR in terms of their noticeability and users’
preferences while walking.

2.2 Rapid Visual Recognition
The human recognition process can occur without focused atten-
tion and often involves unconscious information processing. This
ability enables humans to rapidly classify images presented for

extremely short durations. Thorpe et al. [48] were the first to show
that humans can accurately classify images presented to them for
periods as short as 20 ms. Subsequent research confirmed that
even a single monitor refresh (10–40 ms) can provide humans with
sufficient information for advanced scene analysis [13, 14, 25, 26].
Similarly, Potter et al. [40] found that humans could recognize im-
ages presented for approximately 13 ms, even when such images
were shown as part of a continuous sequence of 12 images. In addi-
tion, Lanfranco et al. [30] investigated the minimum presentation
duration required for image recognition, finding that the minimum
time needed to achieve performance significantly above chance
was 1.7 ms.

While previous studies have established the fundamental tem-
poral limits of human visual recognition, xR-specific factors can
further constrain performance. Gabbard et al. [9–11] reported that
lighting conditions, background complexity, and frequent focal
changes can degrade visual performance and increase attentional
costs in xR environments. Building on these findings, our study ex-
amines the recognition of very briefly presented visual information
in xR environments.

3 Study #1
The extent to which people can recognize brief visual information
presented for an extremely short duration in xR environments
remains unclear. In this study, we examined (1) whether users can
recognize instantaneously presented visual information and (2) the
appropriate display duration and opacity of FlashCue. The study
tasks were performed in VR environments.

3.1 Participants and Apparatus
Ten participants (all male; mean age = 23.5 years, SD = 1.0 years;
IDs: P1–P10) from the authors’ laboratory were recruited for the
study. All participants had normal or corrected-to-normal vision.

We used the Meta Quest 3, along with two of its controllers, as
the HMD in this study. According to the HMD’s specifications, the
visible FOV is 110◦ horizontally and 96◦ vertically. The application
used in this study was developed using Unity (version 2022.3.4f1).
Although the HMD’s refresh rate was 120 Hz, the application ran
at 90 Hz because Unity’s update function operated at this refresh
rate.

3.2 Design
We employed a within-participant design with two independent
variables (Fig. 2):

• Duration: 1/90 s (≈ 0.011 s), 2/90 s (≈ 0.022 s), 3/90 s (≈ 0.033
s)

• Opacity: 100%, 75%, 50%, 25%
Duration refers to the display time of FlashCue. The maximum

frame rate of the Unity application is 90 Hz—the limit of Unity’s
update function. Although the refresh rate of the HMD exceeds
90 Hz, the application itself does not operate above 90 Hz. There-
fore, we selected three values corresponding to the shortest frame
intervals that could be presented using Unity’s update function.
Opacity refers to the transparency level of FlashCue (Figure 2b).
Fully opaque cues completely obstruct the user’s vision and may
not be optimal in this study. Therefore, Opacity was included as a
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parameter to explore users’ preferences regarding the transparency
of FlashCue.

The participants completed three sessionswith 48 trials (4 FlashCue
colors × 3 Durations × 4 Opacities). Four colors—red, blue, yellow,
and sky blue—were selected from a colorblind-safe palette [21].
The order of the 48 trials was randomized. The participants also
completed the three sessions in each of two rooms. Both rooms
were selected based on the study by Li et al. [32]. The office room
featured cool lighting, while the living room featured warm light-
ing. The order of room presentation was counterbalanced. Two
room types and four FlashCue colors were included in the design
to minimize potential biases in recognition accuracy due to back-
ground characteristics or color differences. In total, we collected
288 data points per participant (2 rooms × 3 sessions × 48 trials),
which amounted to 2,880 data points across all ten participants.

3.3 Procedure and Task
First, the participants were seated and asked to complete a ques-
tionnaire collecting personal information, such as their name and
gender. After completing the questionnaire, they were given de-
tailed instructions about the task. Subsequently, the participants
wore the HMD and held the controller.

The participants were tasked to press the controller’s trigger
when FlashCue was recognized. Once the task began, one of the
rooms was displayed. After the participants pressed the trigger to
indicate the start of the task, a FlashCue was displayed within 2–5
seconds. The FlashCues of this study covered the participants’ entire
FOV. The participants were instructed to press the controller’s
trigger as soon as they saw a FlashCue. After each FlashCue was
displayed, the next FlashCue appeared within 2–5 seconds. The
frequency of presentation used in this study was considered to have
an extremely low risk of inducing epilepsy [24]. This procedure was
repeated until FlashCue was displayed 48 times, which constituted
one session. A break of at least one minute was provided after each
session.

After completing three consecutive sessions in one room, the
participants completed another three sessions in the other room.
After completing all trials, the participants were interviewed and
asked to indicate their preferences for Duration and Opacity. Each
study session took approximately 60 minutes.

3.4 Metrics
Themain dependent variable was the recognition error rate, defined
as the proportion of trials in which FlashCue was not recognized.
This was calculated by dividing the number of unrecognized trials
by the total number of trials. A trial was deemed unrecognized if the
trigger was not pressed within two seconds after a FlashCue was
displayed, which was based on the minimum time interval before
the next FlashCue was presented. We also collected the participants’
preferences for each Duration and Opacity.

3.5 Results
3.5.1 Recognition Error Rate. To analyze the recognition error rate,
a nonparametric aligned rank transformation (ART) method [16,
44, 49] was employed followed by a two-way repeated measures
ANOVA with Duration and Opacity as factors. Post-hoc analyses

for within-factor comparisons were performed using ART-C [7]
followed by Holm correction [18].

The recognition error rates are provided in Fig. 3. Specifically,
across all trials, the recognition error rate of FlashCue was 3.92%.
We observed that Duration (𝐹2,2859 = 59.1, 𝑝 < .01, 𝜂2𝑝 = .039) and
Opacity (𝐹3,2859 = 99.74, 𝑝 < .01, 𝜂2𝑝 = .095) had significant effects
on the recognition error rate. Significant interactions were also
observed for Duration × Opacity (𝐹6,2859 = 42.4, 𝑝 < .01, 𝜂2𝑝 = .082).

3.5.2 Participants’ Preference. The average preference ranks for
each Duration (1/90 s, 2/90 s, and 3/90 s) were 2.2 (1st: 4, 2nd: 0,
3rd: 6), 1.6 (1st: 4, 2nd: 6, 3rd: 0), and 2.2 (1st: 2, 2nd: 4, 3rd: 4),
respectively.

The average preference ranks for each Opacity (100%, 75%, 50%,
25%) were 2.5 (1st: 2, 2nd: 4, 3rd: 1, 4th: 3), 1.9 (1st: 4, 2nd: 3, 3rd: 3,
4th: 0), 2.4 (1st: 2, 2nd: 2, 3rd: 6, 4th: 0), and 3.2 (1st: 2, 2nd: 1, 3rd: 0,
4th: 7), respectively.

3.5.3 Participants’ Feedback. Several participants (P2, P8, P9, P10)
reported that they were unable to distinguish differences in the
Duration values. In contrast, participants (P3, P5, P6) noted that
notifications displayed for 3/90 s felt intrusive, as they seemed to
obstruct their FOV. Notably, P1, P3, and P7 expressed concerns
about whether notifications displayed for 1/90 s could be reliably
noticed. However, P4 remarked, “I was able to notice the notifica-
tions regardless of the display duration, so the shorter duration was
not an issue.” These comments highlight individual differences in
sensitivity to display duration.

Several participants (P3, P5, P8, P10) reported difficulty distin-
guishing differences in opacity levels. P2, P6, and P9 observed that
high-opacity notifications were disruptive, as they obscured visibil-
ity. Conversely, P6 expressed concern that low-opacity notifications
might be overlooked. P8 suggested that lower-opacity notifications
could help users maintain their focus on primary tasks.

3.6 Summary of Study #1
Participants were able to accurately recognize visual information
displayed instantaneously, suggesting that instantaneous visual
presentation can be effectively used for notifications. According
to the results of Study #1, participants recognized FlashCues even
when they were presented the shortest display duration (1/90 s),
achieving a recognition error rate of 1.56%. Moreover, the 1/90 s
duration resulted in a significantly lower recognition error rate
compared to the longer duration condition (2/90 s).

Regarding opacity, participants preferred FlashCue opacity to
be set at 75%, while the 25% opacity was less favored due to low
visibility. However, even at 25% opacity, the recognition error rate
remained below 2.0% when displayed for 1/90 s, indicating that
FlashCue can be accurately recognized regardless of opacity level.

4 Study #2
Although FlashCue can present multiple notifications by varying its
position and color, it remains unclear whether users can accurately
recognize the position and color of FlashCue. In this study, we
examine whether participants can recognize the position and color
of FlashCue while focusing on other tasks. The study tasks were
performed in VR environments.
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(a) Duration (b) Opacity

100% 75%

50% 25%2/90s1/90s 3/90s

Figure 2: Independent variables of Study #1.

Figure 3: Recognition error rate. Error bars represent standard errors. Statistically significant differences are indicated with
solid lines for 𝑝 < .05.

We recruited 12 participants (11 males, one female; mean age =
23.2 years, SD = 1.2 years, ID: P11–P22) from the author’s laboratory,
none of whom had participated in Study #1. All participants had
normal or corrected-to-normal vision. The apparatus used was
identical to that in Study#1.

4.1 FlashCue Design
We designed FlashCue display positions using three methods: 2-
Split, 4-Split (Figure 4a), and 2-and-4-Split. In the 2-Split method,
the screen is divided into two halves, either vertically or horizon-
tally, and FlashCue is displayed in one of these halves, producing
four possible display positions. In the 4-Split method, the screen
is divided into four quadrants, and FlashCue is displayed in one of
these quadrants—also resulting in four possible display positions.
In the 2-and-4-Split method, FlashCue is displayed in positions
combining the 2-Split and 4-Split methods, yielding eight possible
display positions.

In this study, participants were presented with four FlashCue
colors (red, blue, yellow, and green) selected from a colorblind-safe
palette. Based on feedback from Study #1, in which participants
reported that sky blue was difficult to distinguish from blue, sky
blue was replaced with green. Referring to the results of Study #1,
the display duration of FlashCue was set to 1/90 s, which yielded
the lowest recognition error rate, and the opacity was set to 75%,
the most preferred opacity value.

4.2 Study Task
The study task involved the performance of a primary task simul-
taneously with a secondary task. The primary tasks (Figure 4b)
were solving a calculation problem (Calculation task) or watching
a video (Video-Watching task). In the Calculation task, participants
were instructed to subtract 17 from the currently displayed number
repeatedly. The task began with a number approximately equal to
1,000; each time 17 was subtracted from this number, the updated
value was displayed. In the Video-Watching task, participants were
required to watch a video presented in front of them. Three dif-
ferent TED Talk videos were prepared for each Method, and their
presentation order was counterbalanced.

The secondary task requires participants to identify the color
and position of the FlashCue when it is displayed. Participants
were instructed to press a handheld controller’s trigger when the
FlashCue appeared. After pressing the trigger, a UI was displayed
to answer the color and position of the FlashCue that appeared.

4.3 Design
We employed a within-participant design with two independent
variables (Fig. 4):

• Method: 2-Split, 4-Split, 2-and-4-Split
• Task: Calculation, Video-Watching

The order of the Method and Task was independently counter-
balanced. The Task order remained consistent across the Method
conditions for each participant. For the 2-Split and 4-Split methods,
the four types of notification positions were presented twice each,
while in the 2-and-4-Split method, the eight types were presented
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2-Split 4-Split

(a) Method (b) Task

Calculation Video-Watching

Figure 4: Independent variables of Study #2.

once. The order of the eight trials was randomized. During the
eight trials, the four FlashCue colors were each presented twice.
The color order was randomized, and the same color was not pre-
sented consecutively in the same position for the 2-Split and 4-Split
methods. We collected 48 data points per participant (3Methods × 2
Tasks × 8 trials), totaling 576 data points across all 12 participants.

4.4 Procedure
The procedure prior to the study task was identical to that in Study
#1. Once the task began, the office room of Study #1 was displayed.
In the Calculation task, the calculation UI was displayed in front
of the participants, while in the Video-Watching task, a video was
displayed on a screen positioned in front of them.

Participants performed the primary task corresponding to one
of the Task conditions while simultaneously completing the sec-
ondary task. A FlashCue appeared at a random interval between 25
and 30 seconds after the answer UI disappeared. Participants were
instructed to press the trigger on the controller if they recognized
the FlashCue. Upon pressing the trigger, the UI for answering the
color and position of the FlashCue was displayed. Simultaneously,
the calculation UI disappeared in the Calculation task; in the Video-
Watching task, the video disappeared. After participants answered
the color and position of the FlashCue, the answer UI disappeared,
and the calculation UI or video reappeared, depending on the task.
The next FlashCue was displayed at a random interval between 25
and 30 seconds after the previous FlashCue. This interval excluded
the time taken by the participant to answer.

After completing eight trials under one set of conditions, the
participants proceeded to complete eight more trials under a differ-
ent set of Task conditions. Upon finishing all trials for each Method,
the participants were asked to complete the System Usability Scale
(SUS) [1]. A break of at least one minute was provided after each
Method. This procedure was repeated thrice, corresponding to the
three Methods. After completing all trials, participants were asked
to indicate their preferred Method and participated in an interview.
Each study took approximately 60 minutes.

4.5 Metrics
We analyzed the following metrics:

• Recognition Error Rate: The proportion of trials in which
FlashCue was not recognized. These trials are defined as
cases in which no response was given within two seconds

of its appearance, consistent with the methodology used in
Study #1.

• Color Error Rate: The proportion of trials in which the
color of the FlashCue was incorrectly identified.

• Position Error Rate: The proportion of trials in which the
position of the FlashCue was incorrectly identified.

• Overall Error Rate: The proportion of trials in which an
error occurred. An error was defined as a failure to recognize
the FlashCue or an incorrect identification of its color or
position.

• Usability Questionnaire: A subjective measure of usabil-
ity. This was assessed using the SUS questionnaire for each
Method. In addition, all participants completed a preference
questionnaire to indicate their preferred Method.

4.6 Results
We applied the ART method, followed by a two-way repeated mea-
sures ANOVA with Method and Task as factors to analyze recogni-
tion error rate, position error rate, color error rate, position error,
and overall error rate. Post-hoc comparisons within each factor
were conducted using ART-C followed by Holm correction.

We used the Friedman test to evaluate SUS scores. Cross-factor
pairwise comparisons were performed using Wilcoxon signed-rank
tests, which were also followed by Holm correction.

4.6.1 Recognition Error Rate. The recognition error rates are pro-
vided in Table 1. Specifically, the recognition error rates for each
Method—2-Split, 4-Split, and 2-and-4-Split—were 2.60%, 1.56%, and
1.56%, respectively. We observed the significant effects of Task
(𝐹1,559 = 544.00, 𝑝 < .01, 𝜂2𝑝 = .493) on recognition error rate.
Recognition errors were found to be significantly lower during
the Calculation task (0.69%) compared to the Video-Watching task
(3.13%).

4.6.2 Color Error Rate. The color error rates are provided in Table
1. Specifically, the color error rates for eachMethod—2-Split, 4-Split,
and 2-and-4-Split—were 0.52%, 1.56%, and 0.52%, respectively. We
observed significant interaction effects of Method × Task (𝐹2,559 =
29.25, 𝑝 < .01, 𝜂2𝑝 = .095) on color error rate; however, post-hoc
comparisons did not reveal significant differences.

4.6.3 Position Error Rate. The position error rates are provided in
Table 1. Specifically, the position error rates for each Method—2-
Split, 4-Split, and 2-and-4-Split—were 0.52%, 1.04%, and 4.17%, re-
spectively.We observed significant effects of Task (𝐹1,559 = 39.60, 𝑝 <
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Table 1: Recognition error rate, color error rate, position error rate, and overall error rate for each combination of Method and
Task.

Method Task Recognition Error Color Error Position Error Overall Error
2-Split Calculation 0.00% (0 / 96) 0.00% (0 / 96) 0.00% (0 / 96) 0.00% (0 / 96)

Video-Watching 5.21% (5 / 96) 1.04% (1 / 96) 1.04% (1 / 96) 7.29% (7 / 96)
Total 2.60% (5 / 192) 0.52% (1 / 192) 0.52% (1 / 192) 3.65% (7 / 192)

4-Split Calculation 1.04% (1 / 96) 1.04% (1 / 96) 2.08% (2 / 96) 4.17% (4 / 96)
Video-Watching 2.08% (2 / 96) 2.08% (2 / 96) 0.00% (0 / 96) 4.17% (4 / 96)
Total 1.56% (3 / 192) 1.56% (3 / 192) 1.04% (2 / 192) 4.17% (8 / 192)

2-and-4-Split Calculation 1.04% (1 / 96) 0.00% (0 / 96) 4.17% (4 / 96) 5.21% (5 / 96)
Video-Watching 2.08% (2 / 96) 1.04% (1 / 96) 4.17% (4 / 96) 6.25% (6 / 96)
Total 1.56% (3 / 192) 0.52% (1 / 192) 4.17% (8 / 192) 5.73% (11 / 192)

.01, 𝜂2𝑝 = .066) on position error rate. Position errors were signifi-
cantly higher during the Calculation task (2.08%) compared to the
Video-Watching task (1.74%).

4.6.4 Overall Error Rate. The overall error rates are provided in
Table 1 and Fig. 5. Specifically, the overall error rates for each
Method—2-Split, 4-Split, and 2-and-4-Split—were 3.65%, 4.17%, and
5.73%, respectively. We observed the significant effects of Task
(𝐹1,559 = 28.11, 𝑝 < .01, 𝜂2𝑝 = .048) on overall error rate. Overall
errors were significantly lower during the Calculation task (3.13%)
compared to the Video-Watching task (5.90%).

4.6.5 System Usability Scale (SUS). The overall SUS scores (higher
is better) for each Method—2-Split, 4-Split, and 2-and-4-Split—were
81.46, 77.71, and 72.30, respectively. A Friedman test was conducted
on the overall SUS scores withMethod, and no significant differences
were found across Methods (𝜒22,𝑁=12 = 1.09, 𝑝 = .58).

4.6.6 Participants’ Preference. The average ranks of preference for
each Method—2-Split, 4-Split, and 2-and-4-Split—were 2.1 (1st: 4,
2nd: 3, 3rd: 5), 1.8 (1st: 5, 2nd: 5, 3rd: 2), and 2.2 (1st: 3, 2nd: 4, 3rd:
5), respectively. Thus, 4-Split was the most preferred method.

4.6.7 Participants’ Feedback. P13, P17, P21, and P22 found the large
notifications in the 2-Split method intrusive, while P13, P14, P16,
P18, and P22 appreciated the ease of noticing larger notifications.
P13 and P14 expressed concerns about the difficulty of noticing
smaller notifications in the 4-Split method, while P12, P14, P16, P17,
and P19 appreciated the reduced interference with their tasks due
to the smaller size of the notifications. P11, P13, P16, P17, and P19
found the variety of notifications in the 2-and-4-Split method over-
whelming, while P14, and P18–P21 expressed positive impressions
of the increased variety the method provided.

Notably, some participants found it difficult to distinguish be-
tween the 2-Split and 4-Split conditions when using the 2-and-4-
Split method. For example, P13 remarked, “I can’t really tell the
difference between 2-Split and 4-Split. 4-Split seems fine to me,” while
P16 stated, “Surprisingly, there wasn’t much of a difference between
2-Split and 4-Split.”. Additionally, several participants (P11, P13, P17,
and P21) observed that notifications displayed on the sides were
easier to notice than those displayed above or below. This may be
attributed to the wider horizontal FOV of human vision compared
to the vertical FOV, as suggested by prior studies on peripheral
vision [23].

P20 pointed out that the similarity between the colors of the
video in the Video-Watching task and FlashCue’s color made it
difficult to recognize FlashCue (“In the video-watching task, the
flashing in the video itself seemed to confuse with the notifications.” ).

4.7 Summary of Study #2
Participants were able to accurately recognize the color and position
of FlashCue, with overall error rates below 6% across all FlashCue
methods. These results suggest that FlashCue can reliably support
up to 32 types of notifications (4 colors × 8 positions).

Both the recognition error rate and overall error rate were sig-
nificantly higher during the video-watching task than during the
calculation task. In the 2-Split condition, the recognition error rate
was 5.21% during the video-watching task and 0.00% during the
calculation task. These findings indicate that FlashCue’s recog-
nizability is influenced by the nature of the task and background
context.

5 Discussion
5.1 Recognition Rate of Momentary Visual

Information
The results of Study #1 and Study #2 demonstrate that FlashCue,
which delivers momentary visual information, can be recognized
with high accuracy. In Study #1, the participants recognized FlashCue
displayed for only 1/90 s (≈ 0.011 s) at 50% opacity at a low recog-
nition error rate of 1.23%. In Study #2, the participants recognized
the 2-Split condition, which included four colors and four display
positions, at an error rate of 0% while performing tasks involving
calculation. Additionally, the participants recognized the 2-and-4-
Split condition, which included the four colors and eight position
variations, with an error rate of 5.73%. These findings indicate that
FlashCue can deliver highly recognizable notifications even with
an extremely short display duration. Moreover, the results indi-
cate FlashCue’s potential for conveying even larger amounts of
information.

FlashCue’s recognition error rate, however, may increase due to
several factors, such as the user’s blinking. Since a blink typically
lasts about 0.1 seconds, users may fail to recognize FlashCue if it
is displayed during a blink. To address this issue, FlashCue should
be presented multiple times for a single notification. Another fac-
tor contributing to recognition errors is the similarity between the
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Figure 5: Overall error rate. Error bars represent standard errors. Statistically significant differences are indicated with solid
lines for 𝑝 < .05.

FlashCue color and the background. In Study #2, the color error rate
of FlashCue was significantly higher during the Video-Watching
task compared to the Calculation task. This increase can be attrib-
uted to confusion between the colors of the video content and those
of FlashCue. This aligns with prior findings that humans’ recogni-
tion of brief visual stimuli is affected by background content and
color characteristics [34].

5.2 Strengths and Weaknesses of FlashCue
FlashCue offers several advantages over other notification methods
in terms of both delivery speed and the number of distinguishable
notification types. Based on the results of Study #1 and Study #2,
FlashCue with a display duration of 1/90 seconds delivered in-
formation accurately and much faster than typical audio or vi-
bration notifications. In addition, FlashCue can display up to 32
distinct notification types—a capacity that exceeds many existing
approaches. Prior research has shown that increasing the number
of vibration-based notifications often reduces recognition accuracy,
with more than eight types generally not recommended [43]. In
contrast, FlashCue uses simple visual parameters, such as position
and color, to allow users to quickly and reliably distinguish among
a large set of notifications. Overall, the combination of extremely
short notification times and support for a wide range of notification
types are distinctive strengths of FlashCue compared over other
notification methods.

On the other hand, FlashCue is not appropriate for all contexts
and has certain drawbacks compared with other notification meth-
ods. First, it can only convey simple visual information, such as
color and position, and cannot effectively present content that re-
quires time to understand, such as text. Second, FlashCue is less
suitable for delivering critical notifications compared to other notifi-
cation systems, as FlashCues may be missed during blinking and do
not strongly capture the user’s attention. Consequently, FlashCue
should not be used for urgent information such as phone calls
or disaster alerts, but rather for less critical notifications that can
be overlooked without serious consequences, such as application
notifications or incoming emails.

5.3 Limitations and Future Work
This study has several limitations. First, the participant sample
and experimental apparatus may limit the generalizability of the

work’s findings. Most participants were young male university stu-
dents, resulting in a narrow range of gender and age demographics.
Because the proportion of instantaneous visual information that
can be recognized may vary with age and visual acuity, further
research is needed to examine differences in FlashCue recognition
performance across diverse populations.

Second, this study did not directly compare FlashCue with other
notification methods. Although FlashCue may not outperform all
alternative notification systems, it can still demonstrate relatively
strong performance in suitable contexts. Therefore, future work
should compare the performance of FlashCue with other notifica-
tion methods across a range of tasks and identify the contexts in
which FlashCue is most effective.

Finally, although FlashCue has a variety of design parameters,
this study investigated only a subset of these parameters. Our re-
search, which serves as an initial exploration of momentary visual
displays for notifications, focused solely on two parameters: display
position and color. However, FlashCue supports a broader range
of design possibilities, including multiple sequential displays, the
presentation of more complex visual information, and dynamic po-
sitioning based on the user’s gaze. Future research should explore
these design dimensions and advance notification methods based
on instantaneous visual cues.

6 Conclusion
In this study, we proposed FlashCue, a notification method that con-
veys simple visual information through momentary presentation.
We examined suitable parameters for FlashCue’s use, including
display duration, opacity, and the number of distinguishable no-
tifications. The results indicated that FlashCue can deliver up to
32 distinct notifications with high recognition accuracy. This work
serves as an initial step toward exploring the use of instantaneous
visual information for notifications. Future research should further
investigate FlashCue’s applications, evaluate its performance in
diverse contexts, and identify its limitations.
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