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Significance

Inattentional blindness, the 
inability to notice unexpected 
objects if attention is focused on 
a task, is one of the most striking 
phenomena in cognitive 
psychology. It is particularly 
surprising, in light of the research 
on attentional capture and 
motion perception, that human 
observers suffer from this effect 
even when the unexpected 
object is moving. Inattentional 
blindness is commonly 
interpreted as an inevitable 
cognitive deficit—the flip side of 
task focusing. We show that this 
interpretation is incomplete, as 
observers can balance the need 
to focus on task demands with 
the need to hedge for 
unexpected but potentially 
important objects by redeploying 
attention in response to fast 
motion. This finding is consistent 
with the perspective of a 
fundamentally competent agent 
who effectively operates in an 
uncertain world.
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It is widely believed that observers can fail to notice clearly visible unattended objects, 
even if they are moving. Here, we created parametric tasks to test this belief and 
report the results of three high-powered experiments (total n = 4,493) indicating that 
this effect is strongly modulated by the speed of the unattended object. Specifically, 
fast—but not slow—objects are readily noticeable, whether they are attended or not. 
These results suggest that fast motion serves as a potent exogenous cue that overrides 
task-focused attention, showing that fast speeds, not long exposure duration or phys-
ical salience, strongly diminish inattentional blindness effects.

inattentional blindness | selective attention | endogenous attention | exogenous attention | visual 
motion

When human observers are engaged in a task, they tend to not perceive unattended but 
otherwise salient visual stimuli, a phenomenon dubbed “inattentional blindness” (1, 2). 
Attention—focusing processing resources on a location, feature, or object in the environ-
ment—is a central characteristic of cognition (3). Focusing on relevant information is 
critical, as dividing attention has deleterious effects on task performance (4–6) outside of 
detecting basic visual features and textures (7). Hence, inattentional blindness has been 
interpreted as an inevitable byproduct of task-focused attention, based on the presumption 
that unattended information remains largely unprocessed. Inattentional blindness has 
been demonstrated in a large variety of settings, including static (8) and real-world (9) 
protocols. It has been reported that even unexpected moving stimuli remain largely unno-
ticed by observers engaged in a demanding task (10–12). This view, that dynamic unex-
pected stimuli do not override the deployment of task-focused attention, has become 
widely accepted (13–15).

Contrary to this view, moving stimuli (16) as well as abrupt stimulus onsets (17) and 
motion onsets (18) are effective in capturing attention. The allocation of attention is not 
always voluntary. Exogenous attention is involuntary, occurring rapidly and transiently 
(~80 to 120 ms) in response to sudden stimulus onsets, whereas endogenous attention is 
voluntary, takes longer to be deployed (~300 ms), and can be sustained in a goal-driven 
fashion (19–22). The phenomenon of attentional capture is consistent with the 
well-established view that the primate visual system is highly sensitive to changes over 
space (23, 24) and time (25, 26), that diverting endogenous attention away from a stimulus 
merely attenuates, but does not eliminate, sensory processing of that stimulus (27–29) 
and that goal-directed endogenous and stimulus-driven exogenous attention may compete 
in dynamic environments (30). Thus, one could expect moving objects to be readily 
noticed, as they enter and traverse a scene.

Here, we attempt to reconcile the ostensibly conflicting results and interpretations 
between the literature on inattentional blindness and that on attentional capture, by 
probing the effect of relative speed on inattentional blindness. We suspect that the dynamic 
attributes of stimuli used by inattentional blindness researchers were not strong enough 
to override the endogenous attention deployed to the primary task (10). One way to 
strengthen the motion signal is to increase the relative speed of the unexpected object. 
Hence, we hypothesize that fast speeds will override endogenous attention and diminish 
the strength of inattentional blindness. Note that this hypothesis pertains to fast speeds 
specifically, not the physical salience of a feature more generally as has been previously 
suggested.

Results

Study 1: Fast-Moving Gorillas. In this study, we aimed to test the hypothesis that fast-
moving stimuli diminish the strength of inattentional blindness, using an ecologically 
valid approach (31) that mimics the protocol of Simons & Chabris (10) but also includes 
faster speeds of the unexpected object.D
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We found that participants who were instructed to count the 
passes made by the black team were much more likely to detect the 
unexpected gorilla that entered the scene than those counting the 
passes made by the white team, replicating the findings of Simons 
& Chabris (10). There was evidence of a strong effect of deploying 
endogenous selective attention to passes by the black vs. white team: 
χ2 (1, N = 1,231) = 104.59, P = 1.50e-24; Cramer’s V = 0.29. To 
quantify the effect of object speed on detectability, we performed 
a comparison of the slope of object detection as a function of speed, 
using a bootstrap analysis. This slope is positive in conditions where 
participants counted the passes of the white team (P = 0.0024) but 
indistinguishable from zero in conditions where participants 
counted the passes of the black team (P = 0.37), see Fig. 1A.

These results indicate that the speed of unexpected objects 
affects their detection probability, but only for the participants 
paying attention to the passes of the white team, as the perfor-
mance of those paying attention to the passes of the black team 
is high across the board, potentially indicating a ceiling effect.

In addition, we wondered whether the way in which the gorilla 
moves across the screen affects detection rates. In the original video 
(10), the gorilla not only moved slowly (in terms of translational 
motion) but also walked smoothly and upright, like a person. We 
were wondering whether a gorilla that spends the same overall 
time on the screen as in the original video (10 s), but moves by 
leaping, would be more noticeable. We found that this was the 
case for participants that reported pass counts by the white team 

(Fig. 1B): χ2 (1, N = 337) = 8.48, P = 0.0036; Cramer’s V = 0.16. 
Again, there was no evidence for a difference between the two 
conditions when participants counted the passes made by the 
black team: χ2 (1, N = 305) = 0.40, P = 0.53; Cramer’s V = 0.036. 
See Table 1 for a summary of these results.

A plausible account that integrates all of these observations is 
that it is fast object speeds—be they local or global—that trigger 
attentional capture.

However, this study has several limitations. First, due to the 
overwhelming popularity of the original results, it is now hard to 
recruit truly naive participants. The original paper reported detec-
tion rates of 8% (for the white team condition) and 67% (for the 
black team condition), in contrast to around 60% (for the white 
team condition) and over 90% (for the black team condition) 
when we reused the original video.

Moreover, experimental control is hard to maintain in such a 
naturalistic task. There are many differences between the videos 
other than the speed of the gorilla and the color of the shirt of the 
players that might make a difference, e.g., specific passing patterns, 
visual clutter in the background, and other differences that are 
hard to match. However, it speaks to the robustness of inatten-
tional blindness effects that we were able to replicate the original 
findings by Simons & Chabris (10) online, using similar videos.

Study 2: Parametrically Varying the Speed of Unexpected 
Objects. The purpose of this study is to address the limitations 
mentioned above. To do so, we created a parametric version of the 
task that allows for experimental control of potential confounds. 
Specifically, we asked participants to count how many randomly 
moving dots of a given color were crossing a central line during 
the trial while an unexpected object was traversing the screen at 
various speeds (see the Materials and Methods section for details).

As in study 1, there was an effect of endogenous attention on the 
detection performance of unexpected objects. We conceptually rep-
licated Simons & Chabris (10) and Most et al. (11)—participants 
were much more likely to detect an unexpected moving object 
(UMO) when counting line crossings of black dots than when 
counting line crossings of white dots: χ2 (1, N = 1242) = 195.05, 
P = 2.51e-44; Cramer’s V = 0.40.

The probability that the unexpected object was noticed depended 
on speed, with faster objects being more likely to be noticed 
(Fig. 2B). Dividing the data by speed conditions shows that there 
is an effect of speed on noticeability of the UMO when participants 
were counting the line crossings of white dots: χ2 (11, N = 632) 
= 69.38, P = 1.60e-10; Cramer’s V = 0.33, but not when counting 
the line crossings of black dots: χ2 (11, N = 610) = 18.97, P = 0.062; 

A B

Fig. 1. Proportion of participants reporting a relevant unexpected event. (A) 
x-Axis: Relative Gorilla speed in traversing the screen, relative to the longest 
duration. y-Axis: Proportion reported. Solid line: Participants reporting passes 
by the Black team. Dashed line: Participants reporting passes by the White 
team. Error bars indicate SEM. (B) As in (A), but comparing the performance 
of participants in the smoothly walking vs. leaping gorilla (otherwise time 
matched—spending 10 s on the screen) condition.

Table 1. Results from study 1
Video Condition Task Condition Time on Screen (s) proportion detected UMO n detected UMO Sample size

Original Gorilla  
(Simons et al.)

Black 10 0.92 142 154

NYU Gorilla 1  
(Leaping)

Black 10 0.94 142 151

NYU Gorilla 2 
(1.67× speed)

Black 6 0.93 128 137

NYU Gorilla 3 (5× speed) Black 2 0.93 136 146

Original Gorilla  
(Simons et al.)

White 10 0.63 112 179

NYU Gorilla (Leaping) White 10 0.77 122 158

NYU Gorilla 2  
(1.67× speed)

White 6 0.67 109 163

NYU Gorilla 3 (5× speed) White 2 0.77 110 143D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 U
N

IV
E

R
SI

T
Y

 O
F 

T
E

C
H

N
O

L
O

G
Y

 S
Y

D
N

E
Y

 L
IB

R
A

R
IA

N
 S

E
R

IA
L

S/
IL

L
S 

on
 M

ay
 2

3,
 2

02
3 

fr
om

 I
P 

ad
dr

es
s 

52
.6

3.
14

5.
24

.



PNAS  2023  Vol. 120  No. 22  e2214930120 https://doi.org/10.1073/pnas.2214930120   3 of 8

Cramer’s V = 0.18. As a chi-squared test can only reveal that there 
is an overall difference as a function of speed grouping, but not if 
this effect is directional, we performed a bootstrap analysis of the 
slopes presented in Fig. 2B. We determined that both slopes are 
significantly positive, as a function of relative speed (black: 0.019, 

P = 0.0018; white: 0.067, P < 1e-8) and that the slope for the 
noticeability of UMOs was significantly higher when counting 
white dot line crossings than when counting the line crossings of 
black dot crossings (P = 3.72e-5). See Table 2 for a summary of 
these results.

Thus, we found that only 21% of participants noticed the 
UMO of the unattended color if it moved slowly—at the same 
speed as the dots—but that detection rate of the UMO was 
strongly modulated by speed such that it was more noticeable at 
faster speeds.

This is surprising, as the exposure duration of the UMO in the 
fastest condition is only 1/8 that of the slowest condition—the 
unexpected object is on the screen for a much shorter duration. 
Prior reports (32) had suggested that it is longer exposure duration, 
not faster speeds that increase the probability that a UMO is 
noticed. However, we attribute this seeming disagreement to tech-
nical differences in the experimental design. Specifically, whereas 
the absolute speed difference in Kreitz et al. (32) was large, the 
relative speed difference between the task dots and the unexpected 
object was only 1.6×, due to the fact that their task dots were 
briskly moving. As speed is represented logarithmically (33), this 
difference is relatively subtle and indeed consistent with our 
results—the effect of increased speed seems to be negligible below 
~2×. Similarly, a previous report suggests that speed is unimpor-
tant in determining the detectability of unexpected objects (34) 
but a closer inspection of the methods employed reveals that this 
study only compared “slow” and “slower” conditions and did not 
have the necessary statistical power to discern a potential effect of 
speed. Thus, we believe that both of these prior reports are com-
patible with our findings, as they were confined to a narrow speed 

A

B

Fig. 2. (A) Schematic of task and stimulus display. (B) Proportion of participants 
reporting a relevant unexpected object, by experimental condition. x-Axis: 
Speed of object relative to baseline. y-Axis: Proportion reporting noticing the 
unexpected object. Solid line: Participants reporting dot crossings by black 
dots. Dashed line: Participants reporting dot crossings by white dots. Error 
bars indicate SEM.

Table 2. Results from study 2

Count Task Color
UMO Relative 

Speed
UMO Speed

(deg/s)
UMO on 

Screen (s)
Detected UMO

(%)
Detected UMO

(n) Sample Size

Black 1 1.5 6.0 81.03 47 58

Black 1.75 2.63 3.43 77.50 31 40

Black 2 3.0 3.0 82.93 34 41

Black 2.42 3.63 2.48 83.33 45 54

Black 3 4.5 2.0 86.11 31 36

Black 3.5 5.25 1.71 91.89 34 37

Black 4 6.0 1.5 94.38 84 89

Black 4.58 6.87 1.31 91.11 41 45

Black 5.25 7.88 1.14 97.67 42 43

Black 6 9.0 1.0 89.66 52 58

Black 6.88 10.32 0.87 89.36 42 47

Black 8 12.0 0.75 91.94 57 62

White 1 1.5 6.0 21.43 15 70

White 1.75 2.63 3.43 38.78 19 49

White 2 3.0 3.0 29.17 14 48

White 2.42 3.63 2.48 44.83 26 58

White 3 4.5 2.0 57.69 30 52

White 3.5 5.25 1.71 60.53 23 38

White 4 6.0 1.5 56.34 40 71

White 4.58 6.87 1.31 60.00 27 45

White 5.25 7.88 1.14 56.25 27 48

White 6 9.0 1.0 60.61 20 33

White 6.88 10.32 0.87 72.73 40 55

White 8 12.0 0.75 75.38 49 65D
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regimen of relative—and slow—speeds. We predict that using 
those protocols with a wide relative speed range that includes high 
speeds would also yield higher detection probabilities of unex-
pected objects.

A fundamental limitation of our study consists in the fact that 
we confounded increased speed with increased dissimilarity. We 
also did not systematically vary color, so it is possible that this 
effect might be inherent to black UMOs.

Study 3: Controlling for Effects of Stimulus Similarity. It is well 
known that the similarity between targets and distracters plays a 
critical role in the detection of unexpected objects (11). The faster-
moving UMOs in study 2 were less similar to the attended objects. 
Thus, to establish that the probability of UMO detection is speed 
dependent, we have to rule out similarity as a parsimonious 
explanation of the effects in study 2.

In this experiment, we used UMOs that moved both slower 
and faster than the attended dots. In addition, we addressed the 
question as to whether the speed dependence is particular to black 
UMOs by varying the color of the UMO.

We found that the color of the UMO by itself did not affect its 
noticeability. Detection rates for white UMOs and black UMOs 
were statistically indistinguishable for both matching conditions: 
χ2 (1, N = 1,018) = 3.72, P = 0.54; Cramer’s V = 0.06 and mis-
matching: χ2 (1, N = 1,002) = 0.0011, P = 0.97; Cramer’s V = 0.010. 
Thus, we collapsed these 4 conditions into two conditions—
matching and mismatching conditions for further analysis. If the 
color of the unexpected object matched the attended color, detec-
tion rates were considerably higher, see Fig. 3A, a statistically sig-
nificant difference: χ2 (1, N = 2020) = 306.33, P = 1.37e-68; 
Cramer’s V = 0.39. See Table 3 for a summary of these results.

Speed, as in studies 1 and 2, was a major determinant of detect-
ability in mismatching conditions (Fig. 3B). Increased speed 
enhanced the detectability of UMOs in matching as well as mis-
matching conditions, although the rate at which speed impacted 
detectability differed between matching versus mismatching con-
ditions. In the matching color condition, detection rates ranged 
from 40% for ¼ speed through 61% for matching speed to 73% 

for 8× speed. In the mismatching color condition, detection rates 
ranged from 14% for ¼ speed through 9% for matching speed to 
48% for 8× speed. One interesting difference pertains to the effects 
of speed in the matching conditions. In study 2, performance in 
the matching condition was close to ceiling, whereas this task was 
much harder. Thus, we are able to show an effect of slower speeds 
on detection, if participants are expecting objects in that color, 
i.e., in matching conditions. Specifically, slower UMOs are noticed 
less often. In the mismatching conditions, only high speeds have 
an effect on detection. Plausibly, attention has to be captured first, 
if the unexpected object color does not match the feature people 
are attending to, which happens at faster speeds.

Slower speeds of mismatching UMOs were slightly more 
noticeable than conditions in which the UMO speed was the same 
as that of the dots. However, the slope from ¼ to 1 (relative speed) 
was much shallower than that of from 1 to 4 (relative speed): The 
exact p value given by a permutation test is 1.65e-5. Beyond mere 
significance tests, the high statistical power of our experiment also 
enables us to reliably estimate the respective slopes. Going from 
equal speed to faster speed, each doubling of the speed increases 
noticeability rates by 0.108 (±0.041), whereas going from slower 
speeds to equal speed, each doubling of the speed decreases notice-
ability rates by 0.026 (±0.035); the uncertainty bound reflects the 
95% CI, see Fig. 4.

Precise estimates of these slopes are possible only with a suffi-
ciently large sample. A typical inattentional blindness study uses 
on the order of 200 participants (35). We subsampled our data, 
by randomly and repeatedly picking a subset of 200 datapoints 
and found that the median 95% CI was ±0.125 for fast slopes 
and ±0.107 for slow slopes, respectively. Thus, estimating slopes 
with such sample sizes would be far too unreliable to be useful; 
the CIs are so large that there would have been no evidence for a 
difference between fast and slow speeds.

We conclude that the speed dependence of UMO detection 
generalizes to other colors and rule out a confound of study 2, 
namely the similarity of the UMO to the attended dots at slower 
speeds. The effect of speed is particularly pronounced in the mis-
matched condition. At high UMO speeds, a majority of partici-
pants notice the unexpected object, a higher proportion than that 
for the matching condition at slow speeds.

UMO detection rates in study 3 are somewhat lower than in 
study 2, which we attribute to the fact that the task was harder, 
as we increased the speed of the dots by 50% and the trial duration 
was longer. Also, it has been suggested that the quality of the 
mTurk pool has degraded (36), although this is controversial (37).

UMO detection rates were lowest when the speed of the UMO 
matched that of the dots, as would be expected from a 
similarity-based account. However, simple probability summation 
(38) could underlie this effect, and it is hard to tease apart a sim-
ilarity from a probability summation account of our data. Simply 
put, in the slowest condition, the UMO is on the screen four times 
as long as in the condition where the UMO speed matches that 
of the background dots, so participants could be expected to be 
more likely to notice it. Yet, we found strong support for the 
notion that faster relative speeds enhance detectability much more 
than slower relative speeds. It is remarkable that this is the case, 
given how briefly the fastest UMOs are on the screen (1/32 of the 
time as the slowest UMO – less than half a second). Given the 
strong effect of speed and the counteracting but weaker effect of 
exposure duration (32), we predict that a fast-moving UMO that 
is presented for the same duration as a slow-moving UMO (e.g., 
by going back and forth) would fully close the detectability gap 
between matching and mismatching conditions. Thus, if we 
matched exposure duration across all conditions, extremely 

A B

Fig. 3. (A) The proportion of participants reporting a relevant unexpected 
object, by condition. x-Axis: Attention/UMO color conditions—W = White, B 
= Black. The first letter in each combination represents the UMO color and 
the second the color of the dots participants were instructed to count. y-Axis: 
Proportion of participants reporting an unexpected object. (B) The proportion 
of participants reporting a relevant unexpected object, as a function of speed. 
x-Axis: Speed of UMO relative to speed of counted dots. y-Axis: Proportion of 
participants reporting the unexpected object. Solid line: Participants presented 
with a UMO matching the color of the dots they were instructed to count (i.e., 
Black/Black and White/White). Dashed line: Participants presented with a UMO 
of a different color than the dots they were instructed to count (White/Black 
and Black/White). Error bars indicate 95% CIs in (A) and the SEM in (B).D
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fast-moving UMOs would be equally noticeable whether they are 
attended to or not, in which case speed would completely override 
the effect of goal-directed attention. Another way in which this 
gap could be closed might be by using extremely fast UMOs. Alas, 
this is not practical, given current technology. Most of our partic-
ipants are running the experiment from LCD screens, with refresh 
rates in the 50 to 60 Hz range. Extrapolating from our data, a 
stimulus could be expected to close that gap around a relative 
speed of 16×. Given the base speed of about 1.8 deg/s and given 
the spatial frequency composition of the stimuli, the temporal 
frequencies needed to achieve 16× relative speed would exceed 
Nyquist frequency (39), given typical refresh rates. In other words, 
the sampling rate—here the refresh rate of a monitor—has to be 
more than twice the fastest frequency in the stimulus—here tem-
poral frequency—to avoid distortions of the signal. Consequently, 
the stimuli might be temporally aliased, and we would not know 
if any given mTurk participant was seeing flicker or the actual 
stimulus. Thus, we recommend follow-up studies aimed at deter-
mining whether fast relative speeds can fully overcome the effects 
of attentional set to be performed in a laboratory setting using 
displays with sufficiently high refresh rates, around 120 Hz or 
higher (40). The primate motion detection system extends well 
into this speed range—well suited to detect stimuli moving at 
32 deg/s, and beyond (33).

Discussion

It has been suggested that unexpected objects are hard to notice 
if attention is otherwise engaged, even if they are moving (10, 11). 
This has become the prevalent view in the field and attributed as 
a key factor in “looked but failed to see” events in sports (41) and 
traffic accidents (42). Our results indicate that unexpected moving 
objects (UMOs) are indeed not readily noticeable if attention is 
focused on a task. However, this effect strongly depends on the 
speed of the UMO: Faster UMOs strongly increase the probability 
that the UMO is seen.

This is interesting for several reasons. First, prior research sug-
gested that top–down factors (attentional set) determine inatten-
tional blindness effects (12). This is a report of a bottom–up factor 
that strongly influences the strength of inattentional blindness 
without obvious confounds. There have been other investigations 
on the impact of physical salience on inattentional blindness, spe-
cifically flicker (43), which predicted that faster speeds would be 
less noticeable, but the lack of statistical power makes these find-
ings hard to interpret. Second, it has been claimed that exposure 
duration, not speed, matters for the detectability of unexpected 
dynamic events (32). We attribute this discrepancy to the fact that 
Kreitz et al. used only a rather narrow range of relative speeds, 
diminishing the apparent effect of speed. In addition, our results 
dovetail nicely with recent studies suggesting that motion onsets, 
not probability summation drive detectability of UMOs (44). 
Third, consistent with our findings, motion onsets have been 
noted as potent cues to capture attention (45). However, much 
of the existing literature on attentional capture relies on the “irrelevant 
feature search task” (17), which utilizes characters or digits, many 
trials, without a competing primary task, in contrast to the tasks 
used in inattentional blindness research, making a direct compar-
ison of these findings difficult. Our research links these research 
traditions, juxtaposing endogenous and exogenous attention in an 
inattentional blindness task, which has been previously attempted 
for a change blindness task (46). Importantly, our findings also 
contribute to the ongoing debate on the impact of physical salience 
on inattentional blindness (47), suggesting that it is fast speeds 
specifically, not the physical salience of a feature more generally, 
that captures attention, as has been previously suggested (48).

The most important implication of our findings pertains to the 
theoretical interpretation of inattentional blindness. A typical 
ecological situation demands much of the attentional deployment 
systems of the organism (49). On the one hand, it behooves the 
organism to stay focused on a task, as research on selective 

Table 3. Results from study 3

Task Condition
UMO Relative 

Speed
UMO Speed

(deg/s)
UMO on Screen

(s)
Detected UMO

(%)
Detected UMO

(n) Sample size

Matching 0.25 0.45 13.33 39.87 63 158

Matching 0.5 0.9 6.67 50.00 95 190

Matching 1 1.8 3.33 61.31 103 168

Matching 2 3.6 1.67 65.64 107 163

Matching 4 7.2 0.83 76.88 133 173

Matching 8 14.4 0.42 72.89 121 166

Different 0.25 0.45 13.33 13.94 23 165

Different 0.5 0.9 6.67 15.15 25 165

Different 1 1.8 3.33 8.78 13 148

Different 2 3.6 1.67 15.48 26 168

Different 4 7.2 0.83 30.46 53 174

Different 8 14.4 0.42 47.80 87 182

Fig. 4. Bootstrap analysis of slopes. Histograms of bootstrapped slopes for 
slow to similar (blue) and similar to fast (green) conditions. The solid black 
lines indicate the empirical slopes, whereas the dashed red lines denote the 
respective 95% CIs.D
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attention overwhelmingly shows the benefits of concentrating 
processing resources in an undivided fashion. In other words, it 
is important that the focus of attention is maintained in the face 
of many potential diversions, including dynamic distractions (50). 
On the other hand, such intense focus would lead to the virtual 
exclusion of unattended stimuli from processing, commonly 
dubbed inattentional blindness. It has been suggested that inat-
tentional blindness is an inevitable byproduct of focusing attention 
on a task, rendering the appearance of unexpected objects unno-
ticed, even if they are relevant or salient (51). As a consequence, 
unexpected novel objects would go unnoticed, even if they are 
more relevant. Thus, such a system would leave the observer in a 
vulnerable position. The conventionally offered resolution to this 
conundrum—that such situations are just not very common 
(52)—is not compelling, as even rare events can have a dispro-
portionate impact (53). Rapid dynamic events are highly likely to 
have such an impact. For instance, a single missed predator could 
bring about the demise of the organism. An agent needs to focus 
on the task without falling prey to distractions, but at the same 
time do this task without falling prey to unexpected predators.

We propose an alternative, and experimentally testable, hypoth-
esis that any stimulus quality that is both potentially relevant to 
the survival of a particular organism and that strongly violates the 
expectations from the stimulus statistics of the environment will 
lead to an override of endogenous attention. It has been suggested 
that a priority map determines the order in which attention is 
deployed to process the most relevant sensory inputs (54). But 
organisms face a fundamentally uncertain environment, so it is 
not a priori obvious which information is most relevant at any 
given moment. It is not implausible that motion signals may con-
tribute to reordering priority maps (55). The primate brain con-
tains dedicated pathways for processing moving stimuli and for 
leveraging this information to detect and interpret dynamic 
changes in the environment (56, 57). For instance, motion is 
effective in breaking camouflage (58–61), motion enhances con-
spicuity (62), motion can be a cue for animacy (63), and organ-
isms—their actions and intentions—can be recognized from their 
motion signature alone (64, 65). It makes good evolutionary sense 
to update priority maps when moving objects are detected, as they 
could indicate the presence of another organism—predator, prey, 
or conspecific—that has to be reckoned with, assigning them a 
higher priority. Slow speeds are much more common in the envi-
ronment than fast speeds (66), so—to prevent false positives—this 
reprioritization and override of task-focused attention should 
mostly happen for fast, but not slow, motion. A plausible com-
putational mechanism for detecting fast speeds is that high-speed 
camouflage-breaking motion generates a motion streak signal, 
whereas low-speed motion does not (67). Based on this hypothesis, 
we predict that inattentional blindness is preserved in other species 
for slow—but not fast—moving objects. Indeed, any sensory 
stimulus that strongly violates biologically significant environ-
mental statistics experienced by an organism—such as stimuli that 
resemble ecological threats (68, 69) will tip the balance between 
exogenous and endogenous attention. Note that not any generic 
threat display will do (70).

Taken together, our findings reconcile and rebalance multiple 
perspectives on attention. Most task performance is enhanced by 
focusing on task-relevant information. However, this leads to inat-
tentional blindness: To maintain attentional focus, many events 
in the environment go unnoticed. Irrelevant stimuli should not 
break this focus, but without the possibility of an override, an 
observer might be missing out on more relevant information than 
the task they are currently engaged in. Focusing attention while 
allowing for its redeployment in response to fast motion represents 

an elegant solution to this challenge, as it achieves both at the 
same time, allowing observers to maintain situational awareness 
in an uncertain environment.

Materials and Methods

Participants. We recruited participants on the Amazon Mechanical Turk platform. 
All research participants were randomly assigned to experimental conditions. We 
excluded participants that reported suspecting that the study was about inatten-
tional blindness, those who reported being already familiar with inattentional 
blindness tasks, those who reported technical problems during stimulus pres-
entation as well as those who reported having ADHD, those who reported taking 
medication to treat ADHD, and those who reported not doing the task.

In addition, we excluded data from participants that exhibited a task perfor-
mance that was implausibly low for participants who engaged with the task in 
good faith. The cutoff for acceptable task performance was determined by visual 
inspection of the distribution of count errors. We reasoned that count errors in 
the long tail of the distribution reflect nonengagement in the counting task, so 
we placed the cutoff where that long tail begins. The specific cutoff is ultimately 
arbitrary, but we reanalyzed the data with a broad range of such cutoffs and the 
results support the same conclusions. In general, we aimed for a tradeoff between 
retaining as much data as possible and only excluding people who were extremely 
unlikely to have been engaged in the task. Retaining as much as data as possible 
is important to avoid statistical artifacts in this task in particular (71). Using these 
criteria, we retained 1,231 out of 1,624 participants for further analysis in study 1, 
1,242 out of 1,487 participants in study 2, and 2,020 out of 2,800 participants in 
study 3 (for details, see Table 4). None of our conclusions depend on whether we 
included all participants or adopt even more stringent criteria (e.g., only keeping 
data from participants with perfect pass counts).

All research participants provided informed consent prior to the beginning of 
the experiment, in accordance with the principles expressed in the Declaration of 
Helsinki. All procedures were approved by the University Committee on Activities 
Involving Human Subjects (UCAIHS) at NYU.

Stimuli and Task. For study 1, we used 4 videos as stimuli. One was the original 
“gorilla” video used by Simons & Chabris (10). In this video, two teams of 3 “bas-
ketball players”, one wearing white shirts (“the white team) and one wearing black 
shirts (“the black team”), move about in front of elevators and pass basketballs 
to each other. At some time around the middle of the video, someone wearing 
a gorilla suit enters the screen from the right then stops in the middle before 
leaving the screen on the left, 10 s after entering. In the other three videos, we 
replicated this setup in front of elevators at NYU. In two of those videos, the gorilla 
takes 6 and 2 s to traverse the scene. In the remaining video, the gorilla takes 
10 s to traverse the screen—as in the original video—but instead of walking, the 
gorilla moves in a more biologically appropriate fashion, i.e., in leaps. Participants 
were instructed to count either the number of passes made by the team wearing 
black shirts (“black team”) or the passes made by the team wearing white shirts 
(“white team”). This yields eight experimental conditions (four videos × two task 
conditions), to which participants were assigned randomly. Importantly, each 
participant performed only a single trial, in a “one shot” protocol. The rationale 
for this is that once someone saw the unexpected stimulus, it is no longer an 
unexpected stimulus, so the nature of the task would be transformed to a visual 
search task in subsequent trials. The videos themselves were hosted on Youtube, 
so as to ensure smoothness, but with disabled video controls (i.e., participants 
could not rewind or pause the video).

For study 2, we asked participants to provide screen parameters (specifically 
screen size and aspect ratio) to ensure that the stimulus appeared in a simi-
lar fashion on a wide variety of screens, prior to starting the task. In addition, 
we asked participants to maintain a viewing distance of 2 feet from the screen, 
consistent with the preferred (72) and recommended (73) ergonomic viewing 
distance. Assuming this viewing distance, we created a stimulus display where 
circular dots (each subtending 0.03 degrees of visual angle) moved linearly in a 
random direction at a speed of 1.2 degrees of visual angle per second on a gray 
background. The direction of motion of each dot was idiosyncratic to that dot. At 
any given time, 10 of these dots (five black and five white) were present on the 
screen. When a dot exited the square “play area” in the center of screen, it was 
immediately replaced with one of the same color starting at a random position, D
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moving in a random direction within the play area. The screen was divided in 
the middle by a vertical green line. This stimulus was displayed for 28 s. Halfway 
through the stimulus display, an “unexpected moving object” (UMO)—a black 
(same hue as the black dots) isosceles triangle that covered roughly the same 
area as an individual moving dot—entered the play area on the right edge and 
traversed it in the center (bisecting the vertical green line in the middle) before 
vanishing on the left side (Fig. 1A). The UMO moved at a speed that was randomly 
chosen from the following 12 speed conditions: [1.0, 1.75, 2.0, 2.42, 3.0, 3.5, 4.0, 
4.58, 5.25, 6.0, 6.88, 8.0]× relative to a baseline speed of 1.5 deg/s, so the UMO 
moved minimally at 1.5 deg/s and maximally at 12 deg/s. This log spacing of condi-
tions is inspired by the logarithmic nature of speed perception in the primate visual 
system [Nover et al., (33)]. For details of this stimulus display, see Table 5. This stim-
ulus display was created using MGL (Gardner Laboratory, Neuroscience Institute, 
Stanford University, 2014) with MATLAB (MATLAB R2013a, The Mathworks Inc., 
2013). MGL is a MATLAB library designed for displaying full screen psychophysical 
stimuli. As MGL is not executable online, we created a library of functions—JGL—that 
consists of a JavaScript version of the corresponding MGL functions, allowing for 
online deployment of MGL code. Participants were instructed to count the number 
of times the dots crossed the green vertical line. Each participant was assigned to 
one of two color conditions (counting crossings by either white or black dots only) 
and one of the 12 UMO speed conditions detailed above, yielding 24 (12 × 2) 
experimental conditions. As in study 1, each participant performed only a single 
trial where an unexpected object entered the display. Before this trial, participants 
were exposed to a trial with a duration of 20 s, where they were also asked to count 
the number of crossings, but no UMO entered the screen. The purpose of this 
practice run was to familiarize participants with the task and to put them at ease; 
nothing unexpected happened during this trial.

For study 3, we modified the stimulus display as detailed above. Importantly, 
we extended the color conditions to both black and white UMOs, fully crossed with 

instructions on whether to count black or white dots. Participants were assigned 
to one of these 4 conditions, where they would be asked to count the dots of 
a target color (black or white) and could encounter one of two UMOs (black or 
white). In addition, we used a relative speed range that included slower as well 
as faster speeds. Specifically, there were six speed conditions: UMO moving at 
[¼ ½ 1 2 4 8]× relative to the speed of the dots. The six speed conditions were 
fully crossed with the UMO color and attention conditions, yielding 2 × 2 × 6 = 24 
experimental conditions. To accommodate the slower speed conditions, allowing 
the UMO to fully traverse the screen in a reasonable time, we had to increase the 
speed of the dots to 1.8 degrees of visual angle per second and we extended 
the overall stimulus duration (how long the dots moved on the screen) to 33 s.

Measures and Analysis

After the stimulus display, participants were asked to report how 
many passes they counted/how many times the dots crossed the 
central green line, for study 1 and studies 2/3, respectively.

We then asked whether they noticed anything unexpected and if 
so, what. Responses to the latter question were independently coded 
by two raters. These raters were blind as to the experimental condi-
tions that the participants were assigned to. Raters judged whether 
the response of the participant indicated that the participant noticed 
the unexpected moving object (a “gorilla” in study 1 and a “space-
ship” in studies 2 and 3) or not (the interrater agreement was 0.99). 
The data were recorded in a sql-lite database via Psiturk (74).

We used chi-squared tests to assess the statistical significance of 
detection rates between different experimental conditions. To 
assess the statistical reliability of slope differences, we employed 
bootstrap resampling, using 100 million runs each (75). To correct 
for multiple comparisons, we adopted a more conservative signif-
icance threshold of 0.005 (76) throughout. All data in this study 
were analyzed using MATLAB (Mathworks, Inc.).

Data, Materials, and Software Availability. Human behavioral data have 
been deposited in [OSFHome] (DOI 10.17605/OSF.IO/GPY6J) (77).
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