International Journal of Psychophysiology 85 (2012) 116–124

Contents lists available at ScienceDirect

International Journal of Psychophysiology
j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / i j p s yc h o

Can you feel what you do not see? Using internal feedback to detect brieﬂy presented
emotional stimuli
Boris Bornemann a, Piotr Winkielman b, c,⁎, Elke van der Meer a, 1
a
b
c

Department of Cognitive Psychology, Humboldt, University Berlin, Rudower Chaussee 18, 12489 Berlin, Germany
Department of Psychology, University of California, San Diego, 9500 Gilman Drive, 0109 La Jolla, CA 92093, United States
Warsaw School of Social Sciences and Humanities, Chodakowska 19/31, 03-815 Warsaw, Poland

a r t i c l e

i n f o

Article history:
Received 26 January 2011
Received in revised form 19 April 2011
Accepted 27 April 2011
Available online 13 May 2011
Keywords:
Subliminal stimuli
Emotional faces
Facial electromyography
Biofeedback
Unconscious affect

a b s t r a c t
Brieﬂy presented (e.g., 10 ms) emotional stimuli (e.g., angry faces) can inﬂuence behavior and physiology.
Yet, they are difﬁcult to identify in an emotion detection task. The current study investigated whether
identiﬁcation can be improved by focusing participants on their internal reactions. In addition, we tested how
variations in presentation parameters and expression type inﬂuence identiﬁcation rate and facial reactions,
measured with electromyography (EMG). Participants made force-choice identiﬁcations of brief expressions
(happy/angry/neutral). Stimulus and presentation properties were varied (duration, face set, masking-type).
In addition, as their identiﬁcation strategy, one group of participants was instructed to use their bodily and
feeling changes. One control group was instructed to focus on visual details, and another group received no
strategy instructions. The results revealed distinct EMG responses, with greatest corrugator activity to angry,
then neutral, and least to happy faces. All variations in stimulus and presentation properties had robust and
parallel effects on both identiﬁcation and EMG. Corrugator EMG was reliable enough to statistically predict
stimulus valence. However, instructions to focus on the internal states did not improve identiﬁcation rates or
change physiological responses. These ﬁndings suggest that brief expressions produce a robust bodily signal,
which could in principle be used as feedback to improve identiﬁcation. However, the fact that participants did
not improve with internal focus suggests that bodily and feeling reactions are either principally unconscious,
or that other ways of training or instruction are necessary to make use of their feedback potential.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Numerous studies have shown that emotional stimuli inﬂuence
behavior and physiology when they are presented very brieﬂy, even
“subliminally” (i.e., without being consciously perceived). For instance, in a classical paradigm introduced by Niedenthal (1990) and
expanded by Murphy and Zajonc (1993), participants are asked to
rate how much they like neutral targets (e.g., Chinese ideographs).
The targets are preceded by brief (e.g., 10 ms) pictures of emotional
faces, which are either positive (usually happy) or negative (usually
angry, but sometimes fearful, disgusted or sad). Results show that
positive faces enhance ratings of the targets, whereas negative faces
lower them (see also Winkielman et al., 1997; Rotteveel et al., 2001;
Stapel et al., 2002; Wong and Root, 2003). Interestingly, the effects of
subliminal faces go beyond ratings and inﬂuence behaviors such as
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the consumption of a novel beverage (Winkielman et al., 2005b) or
the willingness to take risks (Winkielman et al., under review).
Furthermore, people react to subliminal smiling faces by smiling
themselves and to angry faces by frowning themselves (e.g.,
Dimberg et al., 2000; Rotteveel et al., 2001). Despite such effects
on ratings, behavior, and physiology, participants in those studies
remain largely unaware of the brief emotional stimuli, even when
informed about their presence and asked to identify them (e.g.,
Dannlowski et al., 2007; Murphy and Zajonc, 1993; Öhman and
Soares, 1993; Winkielman et al., 1997; Wong and Root, 2003). For
instance, in a typical “forced-choice awareness procedure”, an
emotional face is ﬁrst brieﬂy ﬂashed (e.g., 10 ms), and is then
followed by a mask, consisting either of a neutral face or some
graphical pattern (e.g., scrambled picture fragments or random
dots). Participants are then shown two faces, the previously
presented one and a new one, and are asked to indicate which
face had been ﬂashed. Typically, participants' performance on this
task is around the chance level or barely above it.
These ﬁndings are puzzling. After all, the effects on ratings,
behavior and physiology suggest that brief emotional stimuli trigger
some internal reactions, so that information about them is available
“somewhere” in the mental system. Yet, participants cannot identify
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those stimuli in a forced-choice awareness procedure. In our research,
we test whether people can deliberately access their internal
emotional reactions to improve identiﬁcation of brief stimuli.
Different predictions are possible regarding access to such internal
reactions. One prediction is that people, if directed properly, can
utilize ﬂuctuations in their subjective feeling and sense their own
physiological reactions. If so, they should be able to “feel what they do
not see”, that is, discern the valence of a brief emotional stimulus by
basing their judgments on their own affective state (physiology and
subjective experience). This prediction is consistent with two major
theoretical models: (i) the Affect-As-Information model, and
(ii) Facial Feedback model of emotion recognition. Here is why.
The Affect-As-Information model (AAI) proposes that people base
their judgments on their subjective feelings (Schwarz and Clore,
2003; Clore and Huntsinger, 2007; Clore et al., 2001). On this model,
affective priming effects (e.g., Murphy and Zajonc, 1993) occur
because subliminal emotional faces elicit subtle, ﬂeeting, but
principally detectable changes in phenomenal experience. Subjects,
who lack any useful knowledge about ambiguous targets, such as a
Chinese ideograph, ask themselves, ‘How do I feel about it’, and rate
the ideograph in line with their current feelings. In essence, the AAI
model proposes that subjects misattribute their prime-induced
feelings to the neutral target (see Schwarz, 1990, p. 538). If this is
true, then changes in subjective feeling could be used deliberately to
identify brieﬂy presented emotional faces in the forced-choice
paradigm.
The Facial Feedback model of emotion recognition proposes that
when we see emotional expressions, we engage in spontaneous facial
mimicry — involuntarily mirroring the expressions on our own faces
(e.g., Achaibou et al., 2008; Dimberg et al., 2000; Hess et al., 1999;
McIntosh et al., 2006; Sato and Yoshikawa, 2007). This facial mimicry
could facilitate emotion detection via multiple mechanisms. Some
researchers propose that the facial movements inﬂuence the actual
emotion experienced by the subject (Laird, 1974; Zajonc et al., 1989).
Others suggest that feedback from one's own facial muscles provides
an embodied cue to what expression was actually shown (Goldman
and Sripada, 2005). Assuming the outputs from these processes are
conscious, then focusing on facial feedback should facilitate identiﬁcation of brief emotional faces.
The AAI model and the Facial Feedback model predict that focusing
participants on their feelings and facial responses should improve
identiﬁcation of brief emotional expressions. An opposing prediction,
however, is offered by recent ideas about “unconscious emotion” (e.g.,
Winkielman et al., 2005a; Berridge and Winkielman, 2003). According
to this proposal, brieﬂy presented emotional faces are processed using
low-level and automatic mechanisms that run below consciousness.
Subliminal emotional priming effects are due to front-end changes in
perception of the stimulus' incentive value (e.g., the ideograph “looks”
better; the Kool-Aid “seems” tastier). On this account, there are no
consciously accessible changes in feelings that could assist in the
identiﬁcation of the brieﬂy presented expressions. Accordingly, the
Unconscious Emotion model predicts no effects of the internal focus
manipulation.

your head” improved detection of subliminal words, over a visual
look-hard strategy.
A precondition for the use of a physiological response is that such a
response actually occurs under the conditions of a forced-choice
awareness test. Subliminally presented faces have been shown to
induce spontaneous smiling and frowning (e.g., Dimberg et al., 2000;
Rotteveel et al., 2001). However, it is not clear whether the same
effects occur when people know about the presence of the faces and
deliberately try to perceive them. Thus, we have measured the
physiological response with facial EMG. Furthermore, we wanted to
know how much information about the brieﬂy presented face is
mirrored in the physiological signal. This comes down to the question:
Using the physiological signal in a computationally optimal way, how
precisely can we infer what stimulus has been presented to the
subject?
Finally, we varied different parameters of the stimuli and their
presentation, such as emotion type, face set, mask, and duration. We
did this for several reasons. First, we wanted to identify a condition
where the physiological signal induced by the emotional face is
strong, but produces low behavioral detection rates. In such a
condition, the use of physiological feedback might be particularly
beneﬁcial for enhancing recognition. Second, we wanted to learn how
the EMG response and identiﬁcation depend on the parameters of
stimulus presentation. This is of theoretical interest, because these
parameters bear on different mechanisms involved in emotion
processing (we elaborate on this in the discussion). It is also of
practical interest to researchers in the ﬁeld, because individual studies
often differ on such parameters, making systematic comparisons
across studies difﬁcult.
Thus, ﬁrst, we varied displayed emotion: happy, angry, and
neutral. We chose happiness and anger because these emotions are
most commonly used in studies relying on brief presentation. Second,
we varied face sets, relying on 3 widely used (details below;
Section 2.2). Third, we varied mask type: neutral face or dotted
pattern — these represent the two most typical ways of masking.
Finally, we varied prime duration: 10 or 20 ms. Although some studies
mentioned earlier used presentations as short as 10 ms, others used
durations even longer than 20 ms (e.g., Stapel et al., 2002, used 30 ms
and 100 ms). We used 10 and 20 ms to explore how the behavioral
and physiological parameters depend on the strength of the affective
input, while keeping the detection reasonably close to chance.

1.1. Speciﬁc research questions and design

Participants were 58 undergraduates from the University of
California, San Diego (gender: 14 male, 1 no gender speciﬁed; mean
age = 19.8 years, sd = 1.39 years). They participated for partial course
credit. Ethnicity was predominantly Asian (42 Asian, 6 Caucasian, 6
Hispanic, 1 Indian, 1 Persian, 2 missing), but most had been raised in
the USA and spoke perfect English. Because of the need to attach EMG
electrodes strong facial hair was an exclusion criterion.

Our ﬁrst question was whether subjects can be instructed to
strategically use their physiological reactions or changes in their
feelings to discern the valence of a brieﬂy presented face in a forcedchoice awareness test. We therefore devised three different instructions, one asking participants to monitor their own internal
reactions and two control conditions. This manipulation was inspired
by an earlier study which examined different strategies for the
perception of brieﬂy presented neutral (non-emotional) words
(Snodgras et al., 1993). In that study, an intuitive ‘pop’ strategy,
encouraging subjects to “just relax” and say “whatever word pops into

1.2. Task
A simple forced-choice awareness procedure was used. Participants
were ﬂashed with a face that was either emotional or neutral. The face
was immediately covered by a mask (either a face or an assembly of
dots). After the mask, participants were to indicate whether the brieﬂy
presented face was emotional or neutral.
2. Methods
2.1. Participants

2.2. Materials
Three different face sets were used (Fig. 1), which cover some of
the most common sets of stimuli used in emotion research: (1) the

