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animal with low inertia and relatively 
large surface areas presented to 
varying airflow conditions can 
maintain strict body control and a 
rigidly-fixed position. Yet, there is 
theoretical and empirical evidence 
that the act of flapping itself can 
produce passive damping effects, 
which make stability and control 
of hovering maneuvers easier than 
might be expected. For example, if a 
hovering hummingbird is perturbed 
by a gust of wind into a rotational 
movement, the induced body rotation 
will create a velocity asymmetry — 
and therefore drag — of the 
flapping wings that will oppose the 
rotation (Figure 5). Analyses of this 
general effect — the combination 
of wing and body velocities during 
rotation — across a range of body 
sizes show that this flapping counter 
torque slows the rotation of small 
animals more quickly than it does 
large animals, and that it provides 
damping in all axes (pitch, roll and 
yaw), as well as linear perturbations 
such as sideslip.

Flapping counter torque stabilizing 
effects require that the wings are 
extended. Because of this, birds 
that fold their wings close to their 
body during upstroke to reduce the 
energy required for the recovery 
stroke will be inherently less stable. 
Given that hummingbirds may, in 
addition, manipulate upstroke lift forces 
to their benefit, the control and stability 
advantages of an aerodynamically 
active upstroke are clear, and may 
be as compelling an explanation for 
their unique flight style as the need for 
efficiency while hovering.

Whether the primary selective 
pressure was for steadier 
feeding at a nectar source or the 
increased efficiency provided by an 
aerodynamically active upstroke, 
the result is a diverse clade of birds, 
with an order of magnitude range 
in body size - at 20 g, the largest 
hummingbird, Patagona gigas, 
exceeds the mass of many small, 
non-nectivorous birds — able to 
emulate the utility of the insects 
flower nectar sources originally 
evolved to attract. As evidence 
of this emulation, since the early 
Oligocene, when the first modern 
hummingbirds appeared, the 
Trochilidae have diversified into 300+ 
species, and have co-evolved along 
with their nectar-provider plants 
into hummingbird-specific, and 

even species-specific mutualistic 
relationships, just as have their insect 
predecessors.

The convergence on form and 
function in insects and hummingbirds 
is a striking testament to the rigors 
of low speed flight and the ability 
of natural selection to respond to 
achieve comparable features of flight 
performance linked to nectivory, 
despite vastly different invertebrate 
and vertebrate body plans.
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Nonconscious fear 
is quickly acquired 
but swiftly forgotten
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The ability to learn which stimuli 
in the environment pose a threat 
is critical for adaptive functioning. 
Visual stimuli that are associated with 
threat when they are consciously 
perceived can evoke physiological [1] 
and neural [2] responses consistent 
with fear arousal even when they are 
later suppressed from awareness. It 
remains unclear, however, whether 
a specific new fear association 
can be acquired for stimuli that are 
never consciously seen [3], and 
whether such acquisition develops 
differently from conscious learning. 
It has recently been suggested [4] 
that, rather than simply affording 
a degraded version of conscious 
experience, processing of emotional 
stimuli without awareness may 
differ qualitatively from conscious 
perception, evoking different 
patterns of neural activity across 
the brain or differences in the 
time-course of behavioral and 
physiological responses. Here, we 
investigated nonconscious fear 
acquisition and how it may differ from 
conscious learning using classical 
fear conditioning, and found that 
conscious and unconscious fear 
acquisition both occur, but evolve 
differently over time. 

We presented observers with 
monocular conditioned stimuli (CSs, 
a male and female fearful face) that 
could be suppressed from awareness 
for long durations (4 seconds) 
by salient dynamic stimulation of 
the other eye (continuous flash 
suppression, CFS; Figure 1A). One 
image (CS+) co-terminated with a 
mild shock to the wrist on 50% of its 
presentations; the other (CS–) was 
never paired with shock. (We define 
fear in this context as an anticipatory 
physiological response to a stimulus 
that predicts an aversive outcome. 
This is measured by phasic increases 
in skin conductance responses 
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(SCRs), which arise from autonomic 
nervous system arousal.)

We assessed fear learning using 
the normalized difference between 
average SCRs evoked by the 
CS+ and CS– (see Supplemental 
Information available on-line with 
this issue for detailed experimental 
procedures). Critically, we measured 
SCRs during early and late 
acquisition (first versus second half 
of all non-reinforced trials) to track 
the development of learning over 
time [5]. Two groups of participants 
were conditioned with identical CSs: 
for one, CFS was used on all trials, 
suppressing the CSs from awareness 
(unaware group), whereas for the 
other CFS was never used (aware 
group).

To verify successful manipulation 
of awareness, after each trial 
participants were asked to indicate 
which face had been presented, 
and to rate their confidence from 
1 (guess) to 3 (sure). We reasoned 
that objective (chance-level, 50% 
identification) and subjective 
(reported guessing) unawareness, 
coupled with physiological 
conditioning (greater SCR to the 
CS+ than CS–) would indicate 
nonconscious fear learning. Indeed, 
the unaware group’s performance 

(46%) was at chance; participants 
reported guessing on nearly all trials, 
and their confidence ratings did not 
differ between correct (M = 1.09) 
and incorrect (M = 1.06) responses 
(p = 0.73). For the aware group, 
performance was nearly perfect 
(97%) and confidence was high 
(M = 2.90; see also Supplemental 
Information for detailed results and 
statistical analyses). 

We found significantly greater 
SCRs to the CS+ compared with 
the CS– in both groups. However, 
we observed a striking difference 
in the temporal pattern of these 
physiological responses. Consistent 
with previous research [5], learning in 
the aware group increased over time, 
only becoming significant during late 
acquisition. In contrast, participants 
conditioned without awareness 
showed significant learning only 
during early acquisition (Figure 1B, 
and Supplemental Figure S1) — fear 
was thus acquired rapidly, but was 
also quick to decline. Furthermore, at 
the stage in which learning occurred, 
the difference between groups in 
magnitude of learning did not reach 
significance (p = 0.09). 

The groups did, however, differ 
in the pattern of responses to each 
CS across the experiment: In the 
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Figure 1. Results of fear learning experiments.
(A) The continuous flash suppression (CFS) display. The aware group saw the same display, 
without the colorful, dynamic suppressor. (B) Normalized SCR differences for the aware and 
unaware groups. *p < 0.01; **p < 0.001; ns, not significant; blue/red asterisks, comparison with 
zero; black asterisks, comparison between indicated bars. (C) Correlations between state anxi-
ety and fear learning during the stage at which learning occurred for each group.

unaware group, there was a specific 
reduction in the initially large average 
response to the CS+, whereas 
average SCRs to the CS– remained 
consistent across the session’s 
two halves. Conversely, for the 
aware group there was a reduction 
in average responses to the CS–, 
but not the CS+ (Figure S1). Both 
groups thus showed conditioning, but 
differed in the pattern of response to 
each CS. This additional qualitative 
difference suggests that the pattern 
underlying fear-conditioning, rather 
than just the difference between CS+ 
and CS–, may be revealing in itself: 
awareness may allow inhibition of 
arousal responses to stimuli that 
predict safety, whereas without 
awareness, early responses to stimuli 
that predict danger are amplified.

Participants completed the 
Spielberger State-Trait Anxiety 
Inventory before the experiment. 
Previous research has shown that 
higher anxiety impairs discrimination 
between safe and threatening stimuli 
[6] and anxiety modulates amygdala 
activity [7]. Indeed, the magnitude 
of differential conditioning was 
negatively correlated with state 
anxiety for both groups, but only 
during the stage in which learning 
occurred (early for unaware, late for 
aware participants; Figure 1C).

What underlies the rapid decline 
of nonconscious conditioning? 
Learning may have dissipated due 
to habituation, whereby differential 
responses attenuated despite 
a stable association forming. 
Alternatively, suppressing the CSs 
from awareness may have allowed 
initial differentiation between the CS+ 
and CS– but prevented the formation 
of a stable association, leading to 
rapid forgetting. To distinguish these 
possibilities, in a second experiment 
a new unaware group underwent 
only the early acquisition portion 
(first half) of the original experiment, 
to maximize learning. Participants 
were tested again 24 hours later 
with the same stimuli, but without 
reinforcement, so any differential 
response could only be attributed 
to learning on the first day. If 
conditioning in the first experiment 
had declined because of habituation, 
it should reemerge a day later; if 
the decline were due to forgetting, 
we would not expect differential 
fear responses to be observed on 
the second day. Results from day 1 
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replicated the original experiment: 
SCRs to the CS+ were significantly 
greater than for the CS– (p < 0.05; 
Figure S2), and correlated negatively 
with state anxiety. On day 2, however, 
SCRs to the CS+ and CS– no 
longer differed. Unlike conscious 
fear learning, which is known to 
persist over time [5], fear acquired 
nonconsciously is thus subject to 
rapid forgetting. 

Previous attempts to investigate 
nonconscious conditioning (for 
example, [8]) used backward masking 
to suppress briefly-presented 
stimuli from awareness. However, 
the methodological limitations 
of masking (see Supplemental 
Information), as well as insufficiently 
rigorous measures of awareness 
used in past studies [3], have left 
the question of whether a new 
fear association can be learned 
nonconsciously unresolved. Here we 
used CFS to suppress long-duration 
CSs from awareness reliably (as 
assessed by both objective and 
subjective measures), and found 
that although the overall magnitude 
of nonconscious fear learning is 
comparable to conscious learning, 
it is characterized by a distinct 
temporal pattern. Conscious fear 
developed progressively over time, 
whereas nonconscious fear was 
acquired rapidly and declined swiftly. 

The mechanisms underlying 
conscious and nonconscious 
fear conditioning may thus fulfill 
complementary roles: The initial 
orienting response that allows a 
stimulus to be associated with 
threat may not require awareness, 
but the long-term retention and 
expression of such learning does. 
Both conscious and nonconscious 
conditioning likely involve the 
amygdala, a brain region critical for 
the acquisition and expression of fear 
[9]. The amygdala plays a role in the 
automatic detection and processing 
of subliminally-presented affective 
stimuli [4], but has a tendency to 
rapidly habituate, especially to 
emotionally-laden stimuli [10]. Such 
habituation may, in turn, prevent the 
formation of a stable fear association, 
which might lead to rapid forgetting 
in the absence of other processes 
that involve awareness. The neural 
mechanisms that distinguish 
learning with and without awareness 
are thus fertile ground for further 
investigation.

Supplemental Information
Supplemental Information includes 
two figures and supplemental experi-
mental procedures and can be found 
with this article online at doi:10.1016/
j.cub.2012.04.023.

Acknowledgments
This research was supported by an 
International Brain Research Foundation 
Postdoctoral Fellowship to DC, and NIH 
Grants RO1 MH062104 to E.A.P. and RO1 
EY016200 to M.C. The authors thank 
Daniela Schiller for helpful discussions.

References
 1. Ohman, R.J., and Soares, J.J.F. (1994). 

‘Unconscious anxiety’: Phobic responses 
to masked stimuli. J. Abnorm. Psychol. 103, 
231–240.

 2. Morris, J.S., Ohman, A., and Dolan, R.J. 
(1998). Conscious and unconscious emotional 
learning in the human amygdala. Nature 393, 
467–470.

 3. Lovibond, P.F., and Shanks, D.R. (2002). The 
role of awareness in Pavlovian conditioning: 
Empirical evidence and theoretical 
implications. J. Exp. Psychol. Anim. Behav. 
Processes 28, 3–26.

 4. Tamietto, M., and de Gelder, B. (2010). Neural 
bases of the non-conscious perception of 
emotional signals. Nat. Rev. Neurosci. 11, 
697–709.

 5. Schiller, D., Monfils, M., Raio C.M., Johnson 
D., LeDoux, J.E., and Phelps, E.A. (2010). 
Blocking the return of fear in humans using 
reconsolidation update mechanisms. Nature 
463, 49–53.

 6. Lissek, S., Powers, A.S., McClure, E.B.,  
Phelps, E.A., Woldehawariat, G., Grillon, 
C., and Pine, D.S. (2005). Classical fear 
conditioning in the anxiety disorders:  
a meta-analysis. Behav. Res. Therapy 43, 
1391–1424.

 7. Bishop, S.J., Duncan, J., and Lawrence, 
A.D. (2004). State anxiety modulation of 
the amygdala response to unattended 
threat-related stimuli. J. Neurosci. 24, 
10364–10368.

 8. Esteves, F., Parra, C., Dimberg, U., and Ohman, 
A. (1994). Nonconscious associative learning: 
Pavlovian conditioning of skin conductance 
responses to masked fear-relevant facial 
stimuli. Psychophysiology 31, 375–385.

 9. Whalen, P.J., Rauch, S.L., Etcoff, N.L., 
McInerney, S.C., Lee, M.B., and Jenike, M.A. 
(1998). Masked presentations of emotional 
facial expressions modulate amygdala activity 
without explicit knowledge. J. Neurosci. 18, 
411–418.

 10. Breiter, H.C., Etcoff, N.L., Whalen, P.J., 
Kennedy, W.A., Rauch, S.L., Buckner, R.L., 
Strauss, M.M., Hyman, S.E., and Rosen, B.R. 
(1996). Response and habituation the human 
amygdala during visual processing of facial 
expression. Neuron 17, 875–887.

1Department of Psychology, New York 
University, 6 Washington Place, New 
York, NY 10003, USA. 2Center for Neural 
Science, New York University, 6 Washington 
Place, New York, NY 10003, USA. 3Present 
address: Department of Psychology, 
University of Edinburgh, 7 George Square, 
Edinburgh EH8 9JZ, UK. 
*These authors contributed equally to the 
work.  
E-mail: davecarmel@gmail.com 

Tom40 is likely 
common to all 
mitochondria

Vojtech Zarsky, Jan Tachezy,  
and Pavel Dolezal*

The evolution of the mitochondrion 
has involved the remodelling of the 
two membranes that enclose this 
organelle. During the transformation 
of the endosymbiotic bacterium into a 
genetically dependent organelle, the 
flow of proteins across the membranes 
reversed. This change is reflected by 
the distinct sets of protein transport 
machinery that operate in bacterial and 
mitochondrial membranes [1]. One of 
the exceptions is a !-barrel assembly 
machine, Sam50, a member of the 
Omp85 superfamily of proteins, which 
has been retained in the mitochondrial 
membranes. Other core components 
of mitochondrial translocases, such 
as Tom40 in the outer membrane and 
the Tim17 family of proteins in the 
inner membrane, cannot be directly 
related to any bacterial proteins. 
Two studies by Pusnik et al. recently 
showed that the mitochondrion of 
Trypanosoma brucei was found to be 
devoid of the essential Tom40 channel 
[2]; instead, it was found to contain 
an essential protein called the archaic 
translocase of the outer mitochondrial 
membrane (ATOM) that was directly 
linked to bacterial YtfM proteins, 
which are members of the Omp85 
superfamily [3]. Thus, it was suggested 
by Pusnik et al. that ATOM and 
Tom40 represent mutually exclusive 
functional analogues of distinct origins 
[3]. We analysed the ATOM amino 
acid sequences to identify homology 
to known protein families and to 
determine the phylogenetic distribution 
of the closest relatives of ATOM. 
Surprisingly, our results clearly refute 
the link between ATOM and bacterial 
Omp85-like proteins. Moreover, we 
propose that ATOM is, in fact, a 
divergent form of the ‘classical’ Tom40.

Tom40 and members of the 
Omp85 superfamily are !-barrel 
transmembrane proteins [4]. They 
form the rigid channels in the outer 
membranes of bacteria, plastids 
and mitochondria, where they 
guide substrates across or into the 
membrane. The pore-forming !-barrel 
structure does not require a precise 
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Supplemental Experimental Procedures 

 

Experiment 1 

Participants  

Fifty-four healthy volunteers were divided into unaware (CFS) and aware (no CFS) 

groups. As in previous fear conditioning studies (S1,S2), participants who failed to show 

reliable skin conductance responses (see “Psychophysiological stimulation and 

assessment” below) were excluded prior to analysis. This resulted in the exclusion of 

seven participants in the aware group and ten in the unaware group. The remaining thirty-

eight participants (18 females) had a mean age of 24.4 (range 22-34). Participants signed 

a consent form approved by New York University’s Committee on Activities Involving 

Human Subjects (UCAIHS) and were compensated for their participation. Prior to the 

experiment, participants completed the State-Trait Anxiety Inventory (STAI) (S3). 

 

Stimuli and Procedure                                                                                         

Stimuli were presented on a DELL PC monitor. A viewing distance of 45cm was 

maintained with a chin-rest. Observers viewed the display through a mirror stereoscope 

(Stereoaids, Australia) that presented a separate image to each eye. Textured black and 

white bars (2.54° width) were placed 5.72° on either side of a fixation cross presented to 

each eye, to facilitate binocular alignment.  

A fear discrimination paradigm with partial reinforcement was used. Fear arousal was 

measured using skin conductance response (SCR). The unconditioned stimulus (US) was 

a mild electric shock, and conditioned stimuli (CSs) consisted of a male and female 
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fearful face (8.9°x8.9°; S4). These “prepared” stimuli (S5) were chosen because 

emotional faces preferentially engage the amygdala (S6), a region critical to the 

acquisition and expression of fear (S7), and have produced successful conditioning 

elsewhere (S1). CS contrast was set at a level that was clearly visible when viewed on its 

own (S8), but was easily suppressed with CFS.  

We employed delay conditioning, in which one image (CS+) co-terminated with 

shock on 50% of trials (CS-US) while the other (CS-) was never paired with shock (total 

trials: 12 CS+, 12 CS-, 12 CS-US). Partial reinforcement was used so that unreinforced 

trials could be assessed for conditioning without contamination by distinct physiological 

responses to shock. Trial order was pseudorandomized: the first trial was always 

reinforced and no more than two of the same trial type ever occurred consecutively. CSs 

were counterbalanced across participants.  

To suppress CSs from awareness, we used continuous flash suppression (CFS), a 

novel method in the context of fear conditioning. A number of previous studies (S9-S12) 

have attempted to investigate whether fear responses could be acquired nonconsciously 

by using a different method, backward masking, to suppress briefly-presented CSs from 

awareness. The efficacy of this method, however, has been called into question by later 

work showing that the stimulation parameters employed in these studies were unreliable 

in effectively suppressing stimuli from awareness (S13, S14). Furthermore, the awareness 

measures used in these studies were not sufficiently rigorous (S15). Finally, it was later 

shown (S16) that trial-order confounds could account for the acquisition effects found in 

many of these studies (S9-S11). We therefore chose to use CFS to suppress CSs from 

awareness. This allowed for suppression of long-duration (4 seconds) CSs, fully equating 
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the temporal parameters of learning with and without awareness and enabling verification 

of reliable suppression by both objective (chance identification performance) and 

subjective (reported guessing) measures. 

On each trial, CSs were presented to participants’ left eye, at fixation, for 4 s. For the 

unaware group, the right eye was additionally presented with “mondrians” – arrays 

(10.16°x10.16°) consisting of multi-colored, high contrast rectangles; the arrays 

alternated at 10 Hz. Such dynamic monocular stimulation is known to lead to effective 

suppression of images presented to the other eye (S17).  

To measure both objective and subjective awareness (S18), participants answered two 

questions (presented for 1.5 s each) after each CS presentation: “Which seen?” for which 

participants reported which of the two faces had been shown by pressing a key to indicate 

its gender (1=male, 2=female); and “How confident?” for which they rated their 

confidence from 1 (guess) to 3 (sure). The questions were followed by an 8-10 s inter-

trial interval (ITI), during which a central fixation cross was presented binocularly. 

Before the experiment began, participants performed four practice trials using grey 

squares instead of CSs to familiarize them with the trial sequence.  

 

Psychophysiological stimulation and assessment  

Shocks (200 ms; 50 pulses/s) were delivered with a stimulator bar electrode (Grass 

Medical Instruments) attached to participants’ right inner wrists. A work-up procedure 

was employed to set individuals’ shock intensity, beginning at a mild level and increasing 

incrementally either until participants found the shock “uncomfortable, but not painful”, 

or to a maximum of 60v.  



Nonconscious fear is quickly acquired but swiftly forgotten: Supplemental information 

 

 5 

SCRs were sampled at 200 Hz using a BioPac system module connected to an Apple 

computer. SCRs were collected using shielded Ag-AgCl electrodes filled with standard 

NaCl electrolyte gel and applied to the middle phalanges of the second and third fingers 

of the left hand. The largest peak-peak amplitude response 0.5 to 4.5 s after stimulus 

onset was recorded for each trial. Responses lower than a pre-determined criterion of 

0.02µS were recorded as zero. Participants lacking measurable SCR on >75% of 

unreinforced trials were classified as non-responders. 

 

SCR Analysis 

Individual’s SCR data were preprocessed by low-pass filtering (cutoff frequency 25 

Hz) and mean-value smoothing with a 3-sample window prior to analysis, using 

AcqKnowledge software (Biopac systems). Raw SCR amplitudes were square root 

transformed to reduce skewness and subsequently divided by individual mean US 

responses to account for individual differences in shock reactivity (S19, S20). We 

assessed conditioned responding by analyzing unreinforced trials. We normalized the 

differential SCR by dividing the difference between each participants’ average CS+ and 

CS- responses by their sum ([CS+ minus CS-]/[CS+ plus CS-]). This ratio is analogous to 

those commonly used in neuroimaging and single-unit studies (S21,S22), and enables an 

assessment of conditioning strength on a standardized scale bound between -1 and 1. 

Analyses were performed separately for early (first half of trials) and late (second half of 

trials) acquisition, to assess how learning developed over time. Given that we expected 

conditioning to result in greater responses to the CS+ than the CS-, we employed one-

tailed t tests for all difference-score comparisons with zero; for all remaining 
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comparisons we used two-tailed tests. An alpha level of 0.05 was used in all statistical 

comparisons. 

 

Experiment 2 

Methods were the same as in Experiment 1, except for the following differences.  

 

Participants 

     Of thirty-one new healthy volunteers, seven were classified as non-responders and 

excluded; an additional three reported consistently seeing CSs during their first session, 

which was therefore terminated. The remaining twenty-one participants (9 females) had a 

mean age of 26.4 (range 18-63; the wide age range was due to the inclusion of two 

outliers participants, aged 50 and 63, without whom the range would have been 18-37. 

We include these participants in the analyses reported below, as removing them does not 

affect the pattern or significance of the results). One participant completed the first 

session, but did not return for the second session. 

 

Stimuli and Procedure                                                                                             

     The experiment comprised two sessions, 24 hours apart. CSs were suppressed 

from awareness using CFS for all participants (no aware group). To maximize learning, 

participants underwent only the early acquisition portion (first half) of the original 

experiment (total trials: 6 CS+, 6 CS-, 6 CS-US). Participants returned to the lab 24 hours 

later to test retention of conditioning. There was no reinforcement on day 2 (total trials: 1 

grey square at the start of the experiment to absorb an orienting response, 6 CS+, 6 CS-); 
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any expression of conditioned fear would thus reflect acquisition from day 1.  

 

Supplemental Results 

 

Experiment 1 

Objective and subjective measures of awareness 

Participants in the aware group were near-perfect in the CS discrimination task (97%; 

an average of 1.05 errors in 36 trials, SD = 2.34). Confidence ratings for correct 

responses were high (M = 2.83) and differed significantly from confidence ratings for the 

rare incorrect responses (M = 1.81; sign test, p = 0.016).  

Participants in the unaware group reported very few instances of CSs escaping 

suppression. Nonetheless, to ensure only SCRs from suppressed trials were analyzed, we 

excluded any trials correctly identified with confidence ratings of 2 (M = 1.38 trials per 

participant, SD = 2.50) or 3 (M = 0.05 trials per participant, SD = 0.24; we note that this 

exclusion did not alter the general pattern of results). Accuracy before and after removal 

of these trials was slightly less than chance (46% and 44%, respectively). For included 

trials, participants reported very low confidence; furthermore, confidence ratings did not 

differ between correct (M = 1.09) and incorrect responses (M = 1.06; p = 0.73), 

indicating an absence of residual awareness. Thus, the aware group showed both 

objective and subjective awareness, while the unaware group exhibited neither. 

 

Psychophysiological conditioning      

Normalized SCR differences were entered into a two-way mixed model ANOVA 
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with a between-subject factor of group (aware, unaware) and within-subject factor of 

acquisition time (early, late). There was a significant main effect of group (F(1,35) = 4.41, 

p = 0.04), no main effect of time (F < 1, ns), and a significant group*time interaction 

(F(1,35) = 13.88, p = 0.001). Follow up t tests revealed a pattern of progressive learning for 

the aware group: early acquisition did not significantly differ from zero (t(18) = 0.91 p = 

0.187; one-sample t test), whereas late acquisition did (t(18) = 3.62, p < 0.001). The 

unaware group showed an inverse pattern: acquisition significantly differed from zero 

during the early (t(17) = 3.26, p = 0.002), but not late half of the session (t(17) = 1.02, p = 

0.161). Paired-sample t tests confirmed that for both groups, acquisition differed 

significantly between the early and late stages, albeit in opposite directions (aware: t(18) = 

2.56, p = 0.010; unaware: t(17) = 3.00, p = 0.004). An independent-sample t test showed 

that the between-group difference between the stages of acquisition in which there was 

learning did not reach significance (t(35) = 1.76, p = 0.09). Figure S1 displays mean SCRs 

to the CS+ and CS- for each group (Panel A), and also examines the normalized SCR 

differences on a finer-grained temporal scale (Panels B and C). 

As described above, CSs were reliably suppressed on non-reinforced trials in the 

unaware group. However, as fear can be acquired after even a small number of reinforced 

trials in which observers are aware of the CS-US pairing, it is important to rule out the 

possibility that participants in this group were aware, even weakly, of the CSs on any of 

the reinforced trials. If the learning we observed had been due to even weak conscious 

exposure, there would be a correlation between confidence ratings on correct reinforced 

trials and the normalized differential SCR responses. However, there was no such 

correlation (R = -0.07). 
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It remains possible, though, that a very small number of reinforced trials with 

awareness might lead to fear acquisition while still being insufficient for a measurable 

correlation to arise. To further rule this out, and to ensure that learning in the unaware 

group could not have arisen from even minimal awareness of the CS+ on any reinforced 

trials, we examined all reinforced trials and found a single participant who, on two 

reinforced trials, gave correct responses with high confidence (rating of 3). However, 

these two trials were among the last three reinforced trials and the participant showed no 

differential responses on any trial following them, but did show differential responses 

earlier in the experiment. Furthermore, removing this participant from the analysis did 

not alter the normalized SCR difference for early learning (before removal: M = 0.15, t = 

3.34, p = 0.003; after removal: M = 0.16, t = 3.34, p = 0.003). Two other participants 

rated two and eight reinforced trials, respectively, with medium confidence (rating of 2), 

but the identification on all of these trials was incorrect. We therefore conclude that the 

significant group-level nonconscious fear acquisition we found could not be due to even a 

small number of trials in which participants were aware of the CS-US pairing. 

 

Anxiety scores 

For the aware group, mean state and trait anxiety scores were 36.16 (range 24-50, SD 

= 8.00) and 38.68 (range 26-50; SD = 10.49), respectively. Participants in the unaware 

group had mean state and trait anxiety scores of 38.77 (range 27-66, SD = 8.00) and 

38.11 (range 26-51; SD = 6.88), respectively. Anxiety scores did not differ between 

groups (state: t(35) = 0.87, p = 0.39; trait: t(35) = 0.23, p = 0.82).  

Correlations between the normalized SCR differences and STAI scores were 
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calculated for both early and late acquisition. Outliers were removed using an iterative 

procedure in which each data point’s Mahalanobis distance was calculated (S23,S24); 

points > 2 standard deviations from the mean distance were removed. For state anxiety, 

this resulted in the removal of one data point from each group during early acquisition, 

and two and four data points from the aware and unaware groups, respectively, during 

late acquisition. We found that the lower participants’ state anxiety, the better their SCRs 

discriminated between the CS+ and CS-; this pattern, however, was limited to the period 

in which significant learning occurred. For the aware group, state anxiety was negatively 

correlated with the magnitude of differential conditioning during late (r = -0.559, p = 

0.020), but not early acquisition (r = 0.154, p = 0.541). For the unaware group, state 

anxiety was negatively correlated with the magnitude of differential conditioning during 

early (r = -0.575, p = 0.016), but not late acquisition (r = 0.202, p = 0.488). No relation 

between learning and trait anxiety was found. 

 

Experiment 2 

Objective and subjective measures of awareness     

Day1: As in Experiment 1, SCRs from trials correctly identified with a confidence 

rating of 2 (M = 1.33 trials per participant, SD = 2.33) were removed. No trials were 

identified with a confidence rating of 3. Participants’ accuracy was at chance before and 

after trial removal (52% and 47%, respectively). Participants indicated low confidence, 

which did not differ between correct (M = 1.15) and incorrect (M = 1.17) trials (p = 

0.58).  

Day 2: SCR trials correctly identified with a confidence rating of 2 (M = 1.85 trials 



Nonconscious fear is quickly acquired but swiftly forgotten: Supplemental information 

 

 11 

per participant, SD = 2.37) were removed. No trials were identified with a confidence 

rating of 3. Participants’ accuracy was 63% before trial removal (slightly higher than 

chance, 50%; t(19) = 3.60, p < 0.01), and 56% after (marginally higher than chance,  t(19) = 

1.82, p = 0.08). Nonetheless, participants indicated low confidence, and average 

confidence ratings did not differ between correct (M = 1.31) and incorrect (M = 1.17) 

trials (p = 0.27).  

 

Psychophysiological conditioning      

For day 1, normalized SCR differences revealed significant learning (M = 0.14, t = 

2.15, p = 0.047), replicating Experiment 1. This learning, however, was not retained one 

day later (M = 0.03, t < 1, ns). Figure S2 displays mean SCRs to the CS+ and CS- for 

each day. 

There was no correlation between confidence on correct reinforced trials and 

normalized SCR differences (R = -0.06). Two participants rated one such trial each with 

high confidence, but the identification on both of these trials was incorrect. No other 

participants rated any reinforced trials with medium or high confidence.  

 

Anxiety scores 

STAI questionnaires revealed mean state and trait anxiety scores of 33.38 (range 20-

46, SD = 8.05) and 34.52 (range 22-49; SD = 7.68), respectively, on day 1. On day 2, 

participants reported mean state and trait anxiety scores of 30.35 (range 20-49, SD = 

8.00) and 33.10 (range 20-49; SD = 8.30), respectively. Neither state (t(19) = 1.50, p = 

0.15) nor trait (t(19) = 1.70, p = 0.10) anxiety scores differed significantly between 
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sessions. 

Following the same outlier elimination procedure used in Experiment 1 (n=5), state 

anxiety was again negatively correlated with magnitude of differential conditioning (r = -

0.415, p =0.048). No relation was found with trait anxiety. Given that retention of 

conditioning was not demonstrated, correlations with anxiety were not calculated for day 

2. 

 

Supplemental References   

S1. Kalisch, R., Korenfeld, E., Stephan, K.E., Weiskopf, N., Seymour, B., and Dolan, 

R.J. (2006). Context-Dependent Human Extinction Memory Is Mediated by a 

Ventromedial Prefrontal and Hippocampal Network. J. Neurosci. 26, 9503-11. 

S2. Labar, K. S., and Phelps, E. A. (2005). Reinstatement of Conditioned Fear in Humans 

Is Context Dependent and Impaired in Amnesia. Behav. Neurosci. 119, 677-686. 

S3. Spielberger, C.D., Gorsuch, R.L., and Lusthene, R.E. Manual for the State-Trait 

Anxiety Inventory. (Consulting Psychologists Press, Palo Alto, CA, 1970). 

S4. Ekman, P., and Friesen, W. Pictures of facial affect (Consulting Psychologists Press, 

Palo Alto, CA, 1976).  

S5. Ohman, A., and Mineka, S. (2001). Fears, phobias, and preparedness: Toward an 

evolved module of fear and fear learning. Psychol. Rev. 108, 483-522. 

S6. Whalen, P.J., Rauch, S.L., Etcoff, N.L., McInerney, S.C., Lee, M.B. and Jenike, M.A. 

(1998). Masked Presentations of Emotional Facial Expressions Modulate Amygdala 

Activity without Explicit Knowledge. J. Neurosci. 18, 411-18. 

S7. LeDoux, J. E. (2000). Emotion circuits in the brain. Ann. Rev. Neurosci. 23, 155-18. 



Nonconscious fear is quickly acquired but swiftly forgotten: Supplemental information 

 

 13 

S8. Carmel, D., Arcaro, M., Kastner, S., and Hasson, U. (2010). How to create and use 

binocular rivalry. Journal of Visualized Experiments 45, doi: 10.3791/2030. 

S9. Esteves, F., Parra, C., Dimberg, U., and Ohman, A. (1994). Nonconscious associative 

learning: Pavlovian conditioning of skin conductance responses to masked fear-

relevant facial stimuli. Psychophysiology 31, 375-385. 

S10. Ohman, A., and Soares, J.J.F. (1998). Emotional conditioning to masked stimuli: 

expectancies for aversive outcomes following nonrecognized fear-relevant stimuli. 

JEP:Gen 127, 69-82. 

S11. Katkin, E.S., Wiens, S., and Ohman, A. (2001). Nonconscious fear conditioning, 

visceral perception, and the development of gut feelings. Psychological Science 12, 

366–370. 

S12. Morris, J.S., Buchel, C., and Dolan, R.J. (2001). Parallel neural responses in 

amygdala subregions and sensory cortex during implicit fear conditioning. 

neuroimage 13, 1044-1052. 

S13. Maxwell, J.S., and Davidson, R.J. (2004). Unequally masked: Indexing differences 

in the perceptual salience of ``unseen'' facial expressions. Cognition and Emotion 

18, 1009-1026. 

S14. Pessoa, L., Japee, S., and Ungerleider, L.G. (2005). Visual awareness and the 

detection of fearful faces. Emotion 5, 243-247. 

S15. Lovibond, P.F., and Shanks, D.R. (2002). The role of awareness in Pavlovian 

conditioning: Empirical evidence and theoretical implications. J. Exp. Psychol.: 

Anim. Behav. Processes 28, 3-26. 

S16. Wiens, S., Katkin, E.S. and Ohman, A. Effects of trial order and differential 



Nonconscious fear is quickly acquired but swiftly forgotten: Supplemental information 

 

 14 

conditioning on acquisition of differential shock expectancy and skin conductance 

conditioning to masked stimuli. Psychophysiology 40, 989–997 (2003). 

S17. Tsuchiya, N., and Koch, C. (2005). Continuous flash suppression reduces negative 

afterimages. Nat Neurosci. 8, 1096-1101. 

S18. Merikle, P.M., Smilek, D., and Eastwood, J.D. (2001). Perception without 

awareness: Perspectives from cognitive psychology. Cognition 79, 115–34. 

S19. Lykken, D.T., and Venables, P.H. (1971). Direct measurement of skin conductance: 

a proposal for standartization. Psychophysiology 8, 656-72. 

S20. Tabachnick, B.G., and Fidell, L. S. Using multivariate statistics (Harper Collins, 

New York, ed. 2, 1989). 

S21. Treue, S., and Maunsell, J.H.R. (1996). Attentional modulation of visual motion 

processing in cortical areas MT and MST. Nature 382, 539-541. 

S22. Liu, T., Pestilli, F., and Carrasco, M. (2005). Transient attention enhances 

perceptual performance and fMRI response in human visual cortex. Neuron 45, 

469-477. 

S23. Rousseeuw, P.J., and Van Zomeren B.C. (1990). Unmasking multivariate outliers 

and leverage points. J Amer Stat Assoc 85, 633-639. 

S24. Hadi, A.S. (1992). Identifying Multiple Outliers in Multivariate Data. J Roy Stat 

Soc B Met 54, 761-771. 

 

 



Nonconscious fear is quickly acquired but swiftly forgotten: Supplemental information 

 

 15 

Supplemental Figures 

 
Figure S1. Experiment 1 – fear acquisition at different points in time. (A) Mean 

SCRs to the CS+ and CS- for early and late acquisition. Comparisons in black: For 

the unaware group, responses to the CS+ declined significantly between early and late 
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acquisition (t17) = 2.60, p = 0.006), while responses to the CS- did not differ throughout 

the learning session (t(17) = 0.37, p = 0.36). Conversely, for the aware group, mean SCR 

to the CS+ did not differ between early and late acquisition (t(18) = 0.70, p = 0.49), but 

responses to the CS- did (t(18) = 3.97, p = 0.0009). Comparisons in grey: For the unaware 

group, SCR differences between the CS+ and CS-were significant for early, but not late 

acquisition; for the aware group these differences only reached significance during late 

acquisition. (B) and (C) Temporal dynamics of fear acquisition with and without 

awareness. Rather than dividing Experiment 1 arbitrarily into halves, in these panels we 

examine fear acquisition on a finer temporal scale. Trials are collapsed into pairs to 

compensate for trial-order randomization. The red and blue portions of the vertical axis 

indicate positive values for the unaware and aware groups, respectively, with negative 

values for each group indicated by crossing over to the other side (bars are slightly 

jittered to prevent overlap where this occurs). Panel B shows cumulative normalized 

SCR differences: Each bar shows the mean differential fear response when data is added 

gradually, taking into account first two trials of each type (CS+ and CS-), then four, and 

so on. The aware group shows a pattern of gradually increasing fear responses, which 

only reaches significance when ten trials are included. Conversely, the unaware group 

shows significant learning when only four trials are included; this learning peaks when 

six trials are taken into account, then plateaus and finally decreases. Panel C shows 

normalized SCR differences for individual trial pairs. Examining specific points in 

time reveals the reason for the pattern revealed in panel B: in the unaware group, 

normalized SCR differences increase gradually until the third pair (trials 5-6), and then 

drop back to around zero. For the aware group, normalized SCR differences continue to 

increase until the final trials. Error bars indicate standard errors. Asterisks in Panel A 

represent differences between indicated bars; asterisks in Panels B and C represent 

significant differences from zero. * p < 0.05; ** p < 0.01; ns, not significant. 
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Figure S2. Experiment 2 – mean SCRs for day 1 (acquisition) and day 2 (retention).   

* p < 0.05; ns, not significant. 
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