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Auditory Affective Processing Requires Awareness
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Recent work has challenged the previously widely accepted belief that affective processing does not
require awareness and can be carried out with more limited resources than semantic processing. This
debate has focused exclusively on visual perception, even though evidence from both human and animal
studies suggests that existence for nonconscious affective processing would be physiologically more
feasible in the auditory system. Here we contrast affective and semantic processing of nonverbal
emotional vocalizations under different levels of awareness in three experiments, using explicit (two-
alternative forced choice masked affective and semantic categorization tasks, Experiments 1 and 2) and
implicit (masked affective and semantic priming, Experiment 3) measures. Identical stimuli and design
were used in the semantic and affective tasks. Awareness was manipulated by altering stimulus-mask
signal-to-noise ratio during continuous auditory masking. Stimulus awareness was measured on each trial
using a four-point perceptual awareness scale. In explicit tasks, neither affective nor semantic catego-
rization could be performed in the complete absence of awareness, while both tasks could be performed
above chance level when stimuli were consciously perceived. Semantic categorization was faster than
affective evaluation. When the stimuli were partially perceived, semantic categorization accuracy
exceeded affective evaluation accuracy. In implicit tasks neither affective nor semantic priming occurred
in the complete absence of awareness, whereas both affective and semantic priming emerged when
participants were aware of the primes. We conclude that auditory semantic processing is faster than
affective processing, and that both affective and semantic auditory processing are dependent on

awareness.

Keywords: auditory awareness, affective recognition, affective priming

Multiple theories of emotional processing suggest that affective
processing precedes most stages of perceptual and cognitive pro-
cessing (Murphy & Zajonc, 1993; Zajonc, 1980), and can even
operate independently of awareness (LeDoux, 1998; Tamietto &
De Gelder, 2010). Such accounts propose that during phylogene-
sis, the evolutionary pressure for rapid responses to survival-
salient stimuli was so great that specialized mechanisms for
detecting these stimuli developed. To further maximize the orga-
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nism’s chances of survival, these mechanisms evolved to operate
faster than conscious perception, which takes several hundred
milliseconds to build (Koch, 2004). A subset of these models
further assume that nonconscious processing of emotion involves
a separate subcortical pathway that operates independently from
the cortical mechanisms associated with conscious perception
(Tamietto & De Gelder, 2010).

Previous studies on nonconscious affective processing in hu-
mans have focused almost exclusively on the visual system, even
though a substantial amount of the neurobiological evidence for
nonconscious affective processing in fact originates from auditory
fear conditioning studies in animals (LeDoux, 1998; Quirk, Repa,
& LeDoux, 1995). This is a critical discrepancy, as the existence
of a separate “fast” affective pathway in the visual system has
recently been challenged on both neuroanatomical (Pessoa &
Adolphs, 2010) and computational (Cauchoix & Crouzet, 2013)
grounds, thus questioning how the brain could accomplish non-
conscious visual affective processing in the first place. In line with
this, accumulating evidence from human behavioral studies also
questions the possibility of nonconscious affective processing in
the visual domain (see meta-analysis in Ldhteenmiki, Hyoni,
Koivisto, & Nummenmaa, 2015; Hedger, Adams, & Garner,
2015).

It is however noteworthy that the aforementioned computational
and neuroanatomical constraints do not apply to auditory affective


mailto:mikko.2.lahteenmaki@aalto.fi
http://dx.doi.org/10.1037/emo0000388

n or one of its allied publishers.

ghted by the American Psychological Associa

This document is copyri

°r and is not to be disseminated broadly.

This article is intended solely for the personal use of the individua

2 LAHTEENMAKI, KAURAMAKI, SAUTER, AND NUMMENMAA

processing. Auditory affective information is accessible already
from features processed by subcortical regions, and the necessary
connections that would enable affective responses without cortical
involvement, and without awareness, are present in the subcortical
auditory system (Campeau & Davis, 1995; Doron & LeDoux,
1999; Keifer, Gutman, Hecht, Keilholz, & Ressler, 2015). There-
fore, even though nonconscious affective processing may be im-
possible in the visual domain, serious consideration must be given
to the possibility that auditory affective processing could occur in
the absence of awareness. However, this hypothesis currently lacks
direct empirical support in humans. Moreover, previous studies
documenting nonconscious processing of affect (e.g., Hermans,
Spruyt, De Houwer, & Eelen, 2003; Murphy & Zajonc, 1993;
Sweeny, Grabowecky, Suzuki, & Paller, 2009) have not contrasted
affective with semantic processing to determine whether semantic
processing would occur under similar constraints, thus, their find-
ings cannot be taken to support the notion that affective processing
is “special” in terms of independence from awareness. Finally,
previous studies have largely treated consciousness as an all-or-
none phenomenon, and used the discrimination threshold as crite-
rion for awareness. Yet, recent evidence indicates that conscious-
ness is graded (Pessoa, 2013), and that subjective experience of
sensory information— consciously detecting the presence of a
stimulus—can occur even when the stimulus cannot be con-
sciously discriminated. Any processing that occurs under such
conditions is thus not taking place in the absence of consciousness.
Consequently, to accurately test for nonconscious processing, the
detection threshold should be used as criterion for consciousness.

Here, we test the possibility of nonconscious auditory affec-
tive and semantic processing in three experiments by contrast-
ing affective and semantic categorization of emotional vocal-
izations under different levels of awareness, using explicit
two-alternative forced choice (2AFC) affective and semantic
categorization tasks (affective and semantic categorization; Ex-
periments 1 and 2), and implicit (affective and semantic prim-
ing; Experiment 3) categorization as indices of affective and
semantic processing.'

Can Emotional Processing Occur Without Awareness
and Precede Semantic Processing?

The temporal relationship between affective and semantic pro-
cessing is relevant with respect to how quickly these kinds of
information can modulate information processing in the brain, and
whether affective processing can influence decision-making prior
to cognitive analysis. Moreover, the question of whether affective
processing can be carried out in the absence of awareness or with
more limited resources than other cognitive operations has been
one of the central theoretical debates in cognitive psychology for
over two decades, and also pertains to the neural and cognitive
models of awareness. Models of emotional processing propose that
affective recognition is fast, effortless and automatic (Bargh,
1997), precedes semantic categorization (Murphy & Zajonc, 1993;
Zajonc, 1980), and can be carried out independently of awareness
(Tamietto & DeGelder, 2010). Yet, recent studies have shown that
in the visual domain, affective categorization in fact requires
stimulus awareness (Hedger, et al., 2015; Lahteenmaéki et al., 2015;
Pessoa, Japee, & Ungerleider, 2005; Pessoa, Japee, Sturman, &
Ungerleider, 2006) and can only be accomplished after semantic

categorization (Nummenmaa, Hyond, & Calvo, 2010). These find-
ings support semantic rather than affective primacy, and show that
visual affective processing is dependent on awareness.

A critical assumption of affective primacy models is that affec-
tive processing does not require detailed perceptual processing,
whereas semantic processing and conscious perception do. Based
on this assumption, a widely accepted “two-pathway” model (e.g.,
LeDoux, 1998; Tamietto & DeGelder, 2010) posits that fast non-
conscious affective processing can be carried out by a phyloge-
netically old extrageniculastriate subcortical pathway that projects
from the retina through the superior colliculus and pulvinar to the
amygdala (LeDoux, 1998). In contrast, conscious processing is
thought to depend on slower cortical processing along the ventral
visual stream that starts from the primary visual cortex (designated
V1) and projects though V2 and V4 to the inferotemporal cortex,
which in turn provides connections to the amygdala (Milner,
Goodale, & Vingrys, 2006).

Importantly, abnormal functioning of the pathways proposed to
mediate nonconscious emotional processing have also been sug-
gested to underlie several psychiatric conditions such as posttrau-
matic stress disorder, mood and anxiety disorders (Ohman &
Mineka, 2001). Thus, resolving the debate over the independence
versus dependence of affect on awareness has clinical as well as
theoretical implications. Yet, the critical studies for settling these
issues have only recently been carried out in the visual processing
domain (Cauchoix & Crouzet, 2013; Lihteenmiki et al., 2015;
Nummenmaa et al., 2010; Pessoa, 2005; Pessoa et al., 2005) and
remain unresolved for other sensory modalities. To our knowledge
there are no previous studies testing whether nonconscious cate-
gorization of biologically relevant affective signals is possible in
the human auditory system, and whether both affective and se-
mantic auditory information processing are subject to similar con-
straints imposed by awareness.

Evidence for Affective Auditory Processing in the
Absence of Awareness

Although the existence of nonconscious affective processing
of visual information has been shown to be unlikely (see
above), three lines of evidence speak for the possibility of
nonconscious affective processing in the auditory domain. First,
within both the auditory and visual systems, conscious cogni-
tive processing of sensory information requires cortical pro-
cessing (Koch, 2004; Tong, 2003; Wiegand & Gutschalk,
2012), whereas affective evaluation is thought to require the
stimulus information to have access to the amygdala (Adolphs,
Russell, & Tranel, 1999; Gosselin, Peretz, Johnsen, & Adolphs,
2007; Phelps & LeDoux, 2005; Zald, 2003). Consequently, in
both systems damaging the sensory cortices impairs awareness
for that modality (Ozdamar, Kraus, & Curry, 1982; Tong,
2003), while damage to the amygdala impairs affective recog-
nition for both modalities (Adolphs, Tranel, Damasio, & Dama-
sio, 1994; Scott et al., 1997). Contrary to what is postulated by

! Note that that the terms semantic task and affective task do not refer to
stimulus properties or linguistic semantics, but to the cognitive or emo-
tional process of categorizing the stimulus. These terms accord with
established terminology in the field (e.g., Calvo & Nummenmaa, 2007;
Lihteenmiki et al., 2015; Nummenmaa et al., 2010).
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the two-pathway model, visual sensory information in fact
reaches the amygdala only after extensive cortical processing,
and there is no evidence for the existence of a functional
subcortical route between the retina and the amygdala that
would bypass the visual cortex (Pessoa & Adolphs, 2010).

In contrast, direct projections from the auditory medial genicu-
late nucleus of the thalamus to the amygdala have been docu-
mented in mice and humans (Keifer et al., 2015). Thus, at least on
the neuroanatomical level the auditory system provides the neces-
sary circuits for performing affective evaluation in the absence of
awareness. Moreover, lesion studies have demonstrated that even
after the complete destruction of the primary auditory cortex
(PAC), responses to environmental sounds or sudden acoustic
stimuli may be preserved (Hain & Micco, 2003), demonstrating
that the subcortical auditory system can process auditory informa-
tion sufficiently to influence survival responses in the absence of
PAC.

Second, the computational requirements for recognizing emo-
tional stimulus content are different within the visual and auditory
sensory modalities. Within the visual domain emotional stimulus
information is only accessible from high-level visual representa-
tions encoded following object recognition, and the level of selec-
tivity and invariance required for real-world visual recognition are
not found in the subcortical visual system (Cauchoix & Crouzet,
2013). In contrast, auditory emotional information is already rep-
resented in low-level sensory features, as evidenced by the fact that
emotions can be classified from speech using frequency and en-
ergy information (El Ayadi, Kamel, & Karray, 2011). Thus, rec-
ognition of auditory emotional cues likely has significantly re-
duced computational demands compared to visual affective
recognition. Importantly, the auditory thalamus encodes pitch
structure information (Scott, 2005) and displays selectivity for
combinations of frequencies (Olsen & Suga, 1991). Consequently,
the subcortical auditory system meets both the anatomical and
computational requirements for performing emotional recognition
independently from cortical involvement, whereas as the subcor-
tical visual system does not.

Third, the animal models that constitute the original founda-
tion for the neurobiological theories of nonconscious affective
processing are primarily based on auditory fear conditioning
studies in rats (LeDoux, Sakaguchi, & Reis, 1984; Quirk et al.,
1995; Schafe & LeDoux, 2000). These studies have established
that lesions on the rat auditory cortex do not affect the magni-
tude of the conditioned fear response, whereas lesions along
medial geniculate nucleus of the thalamus suppress both auto-
nomic and somatomotor emotional conditioned responses. Con-
sequently, projections between the auditory thalamus and the
amygdala mediate the processing of emotional information in
auditory stimuli independently of PAC (Bordi & LeDoux,
1994). In contrast, there is no evidence for a functional subcor-
tical pathway supporting affective processing in the human
visual system (Pessoa, 2005, 2013), and anatomical studies
indicate that the existence of such a link in primates is unlikely
(Imura & Rockland, 2006) In sum, if nonconscious affective
processing indeed exists in humans, it is more likely to be found
within the relatively unexplored auditory than in the visual
system where contradictory evidence has been accumulating.

The Current Study

Here we determined whether auditory affective and semantic
processing can take place in the absence of auditory awareness
using explicit and implicit categorization to index nonconscious
processing. An important limitation of these behavioral measures
is that our findings are constrained to affective or semantic pro-
cessing that can modulate behavior. To verity whether some form
of affective or semantic processing insufficient to influence be-
havior indeed occurs in the brain, eletrophysiological and brain
imaging measures should be conducted to complement the present
experiments. In the present study the term auditory awareness is
used to refer to the subjective experience of hearing, and the terms
consciousness and awareness are used as synonyms. This series of
experiments is built on four methodological considerations to
allow for strict comparisons between conscious versus noncon-
scious affective and semantic processing. First, we contrasted
affective and semantic auditory categorization at different levels of
awareness using the same stimuli in affective and semantic cate-
gorization tasks. This allowed us to test the hypothesis that audi-
tory affective processing is “special” in terms of speed or inde-
pendence from awareness. Second, we measured the participants’
subjective level of awareness on each trial using the 4-point
Perceptual Awareness Rating Scale (PAS; Ramsgy & Overgaard,
2004) to account for intrasubject fluctuations in detection sensi-
tivity as well as trial-to-trial variation in level of arousal and
attention allocation (Macmillan & Creelman, 2004; Ramsgy &
Overgaard, 2004). Third, we applied signal detection theory to
determine each subject’s capability for detecting the masked stim-
uli, to ensure that intersubject variability in detection sensitivity
was accounted for. Fourth, we utilized both direct (2AFC catego-
rization) and indirect (masked priming) measures of affective
processing to ascertain our analyses were not limited to explicit
reporting in a conscious decision making task.

Experiment 1

In Experiment 1, we compared explicit affective and semantic
categorization of consciously perceived and nonconscious emo-
tional auditory stimuli. To ensure that affective categorization was
not confounded with linguistic processing, we used biologically
relevant nonverbal emotional vocalizations as stimuli. The partic-
ipants were presented with emotional vocalizations that were sup-
pressed by continuous auditory masking; conscious perception of
the stimuli was then manipulated by varying the target-mask
signal-to-noise-ratio. The target stimuli were presented at a ran-
dom moment embedded within a continuous overlapping mask, so
that participants could not focus temporal attention on the target to
increase the likelihood of conscious percept. To minimize catego-
rization errors from anticipatory responses, the participants were
prompted to respond only after both the target and mask had been
presented. This also ensured that the target stimuli had always been
fully presented before the participants responded.

Participants performed 2AFC affective evaluation (pleasant vs.
unpleasant) of the stimuli in one block and 2AFC semantic cate-
gorization (male vs. female actor) in the other. All stimuli could be
categorized along both their affective and semantic dimensions;
thus, the stimulus sets were identical in both blocks. To measure
the participants’ conscious perception of the stimuli, participants
rated their level of stimulus awareness on each trial using the
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4-point PAS (Ramsgy & Overgaard, 2004), which allows us to
contrast affective and semantic processing separately for below-
detection and below-discrimination threshold stimuli. Data were
analyzed both as a function of masking strength and trial-wise as
a function of the subjective awareness ratings.

Method

Participants. Twenty-four university students (11 females
and 13 males, age 20-31 years, M,,. = 24 years) participated in
the experiment. All participants had normal hearing and normal or
corrected-to-normal vision based on self-reports, and gave in-
formed consent prior to participating in the study. Sample size was
selected according to power calculations based on mean effect size
of nonconscious affective processing (r = .62) in previous exper-
iments (See meta-analysis in Lihteenmiki et al., 2015), which
indicate that at alpha level of .05, sample sizes of 24 is sufficient
for establishing the predicted effect with the actual power exceed-
ing 90%.

Stimuli and apparatus. The stimuli were 80 nonverbal vo-
calizations of positive (20 amusement, 20 triumph) and negative
(20 disgust, 20 fear) emotions with 10/10 male/female tokens in
each category produced by two male and two female native Eng-
lish speakers and lasting <2 s each (Sauter, Eisner, Ekman, &
Scott, 2010). To ensure that Finnish listeners could reliably rec-
ognize both the emotion and the gender from the tokens, we first
obtained normative data for the whole unmasked stimulus set of
Sauter and colleagues (10 emotions, 26 tokens per category) from
155 Finnish university students. Using an online rating tool, par-
ticipants performed 2AFC categorization of gender and 10AFC
categorization of emotion in addition to rating the stimuli accord-
ing to their valence (positive—negative) and arousal (high—low)
dimensions on a 9-point scale. Stimuli were presented in a random
order, and participants had the option of performing the task over
multiple sessions or to categorize only a subset of the stimuli. On
average, ratings from 37 subjects (range = 26-46) per stimulus
were acquired. The normative data (see Figure 1) showed that
recognition of unmasked stimuli was significantly above chance level
for both gender (chance level = .50) and emotion (chance level =
.10) for all stimulus categories. Two positive (amusement, triumph)
and two negative (disgust, fear) high-arousal (M, ..., > 5) emotion
categories with the highest emotion recognition scores (>.75) were
selected for use in the experiments. Normative data indicated that
these stimuli differed significantly in terms of valence, (M ive =
676’ SDposilive = 73’ Mnegalive = 255’ SDnegalive = 63)’ t(lol) =
31.39, p < .001, r = .952, indicating that they were perceived as
positive and negative as intended.

In addition, 10 natural informational noise masks (4 s each)
were constructed by mixing together 50 stimuli sampled randomly
from all emotion categories with random onsets. This produced
unintelligible nonemotional sounds. Pilot testing confirmed that
these stimuli had superior masking power on the target stimuli
compared to white or pink noise.”? All auditory stimuli were
sampled at 44100 Hz with 16-bit resolution. Stimuli were deliv-
ered via headphones and participants responded via key press.

Procedure. Figure 2 summarizes the experimental design.
Each trial began with a fixation cross displayed at the center of the
screen for 1 s. This was followed by a 4-s randomly selected noise
mask. The target sound was presented following a random 1- to 2-s

delay from mask onset; the target was thus always temporally
completely embedded within the mask. Following mask offset, a
question mark on the screen prompted the subject to respond. To
manipulate target audibility, target amplitude was attenuated ac-
cording to three predetermined levels (strong, moderate and weak
masking strength). To control for variation in audibility due to
differences in low-level features between categories, individual
attenuation levels were determined in piloting for each stimulus
category by iteratively increasing attenuation power for each
masking strength until a desired level was reached. To maximize
the potential of eliciting nonconscious processing, desired attenu-
ation level for strong masking was determined as minimum amount
sufficient for maintaining conscious detection at chance level. For
moderate masking, the desired level was set at equal proportions of
below detection, above detection but below discrimination, and above
discrimination level responses. For weak masking, desired attenuation
level was set at > .50 completely aware responses. The actual atten-
uation factors used in the experiment were (a) Amusement, weak: —5
dB, moderate: —12 dB, strong: —18 dB; (b) Triumph, weak: —0 dB,
moderate: —7 dB, strong: —11 dB, (c) Disgust, weak: —5 dB,
moderate: —10 dB, strong: —16 dB; (d) Fear: weak: —0 dB, moder-
ate: —7 dB, strong: —11 dB.

Each stimulus was presented once at each masking level in a
random order. In addition, the experiment included 20% catch
trials, in which only the noise mask was presented. On each trial,
the participants performed a categorization task (unpleasant vs.
pleasant or male vs. female, depending on the block) followed by
rating of stimulus awareness on a 4-point PAS-scale (1 = I did not
hear the target at all; 2 = I heard something, but do not know what
it was; 3 = I heard something, and think I can determine what it
was; 4 = I heard the target clearly). Previous studies have con-
firmed that trial-wise PAS does not confound with performance in
the primary task (Ldhteenmiki et al., 2015). The next trial began
after the participant gave their response to the PAS. In the cate-
gorization task, they were instructed to use their left and right
index fingers; the response buttons were counterbalanced across
participants.

The experiment involved two blocks of 300 trials, with identical
trial structures and stimuli. In the affective block, participants’ task
was to determine the affective valence (pleasant vs. unpleasant) of
the stimulus as quickly and accurately as possible, whereas in the
semantic block, their task was to decide whether the speaker was
male or female. Response accuracies and latencies were measured.
The order of the tasks was counterbalanced across participants.
The participants were told that each trial would consist of the mask
and a target sound played at some point during the mask presen-
tation. They were instructed to ignore the mask and focus on
categorizing the target as accurately as possible. Before the exper-
iment the participants were familiarized with the response protocol
and before each stimulus block they performed a short practice
session consisting of 20 trials.

2 At the strongest masking attenuation levels used in the experiment,
white- and pink-noise masks still produced above chance-level detection,
in contrast to chance-level detection for natural informational noise masks.
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Normative ratings for valence and arousal of (A) all tokens in the Sauter et al. (2010) set and (B)

tokens used in Experiments 1 and 2. Error bars represent the 95% confidence interval for recognition of

emotional category (x axis) and gender (y axis).

Results

The categorization data were first analyzed as a function of
masking strength (see Figure 3). One-sample ¢ tests were used to
test whether categorization performance in the affective and se-
mantic tasks was above chance level at each masking level. In this
and subsequent experiments, Greenhouse—Geisser correction was
applied to the degrees of freedom and the corrected p value is
reported if the sphericity assumption was not met. In the affective
task, performance was at chance level under the strong masking
condition, #(23) = 1.213, p = .237, r = .244, but above chance
under moderate and weak masking conditions, #s(23) > 10.490,
ps <.001, rs > .908. In the semantic task, performance was above
chance level for all masking conditions, 7s(23) > 2.348, ps < .026,
rs > .439. Accuracy scores were then subjected to a 2 (Task:
affective vs. semantic) X 3 (Masking Strength: weak vs. moderate
vs. strong) analysis of variance (ANOVA), which yielded a main
effect of masking strength, F(2, 46) = 212.46, p < .001, my =
902, and an interaction of Task X Masking Strength, F(2, 46) =
5.62, p = .009, my = .196. Accuracies were highest under weak
masking (.78 semantic, .83 affective) and lowest under strong
masking (.53 semantic, .52 affective). Decomposing the interac-
tion did not reveal any significant differences between the tasks
after correcting for multiple comparisons with the Bonferroni

procedure. Main effect of categorization task (emotional vs. se-
mantic) was not significant, F = .001.

Next, discriminability indices (d") for conscious detection of the
stimuli were calculated from the awareness rating responses for
target and catch trials. Ratings higher than 1 in PAS were defined
as hits in stimulus-present trials and as false alarms in catch trials.
Thus, the d’ indexes the participants’ ability to consciously dis-
criminate between trials with and without the target stimulus. The
d' values for stimuli under strong masking condition (.37 affective;
.51 semantic) were significantly higher than zero in both tasks,
15(23) > 4.82, ps < .001, rs > .709, indicating that the participants
were at least partly aware of the stimuli on some trials even when
strong masking was applied.

Consequently, the data were next analyzed as a function of the
PAS awareness rating responses. One sample ¢ tests showed that,
in the complete absence of awareness (awareness rating response
1), performance was at chance level in both tasks, 7s(23) < .978,
ps > 338, rs < .201, but significantly above chance level when
participants were partially or completely aware of the stimuli,
13(23) > 5.66, ps < .001, rs > .762. Accuracies were then
subjected to a 2 (categorization task) X 4 (level of awareness)
ANOVA, which revealed a main effect of level of awareness, F(3,
69) = 88.33, p < .001, 3 = .793. There were no other significant

1.1 did not hear...
= + ‘? 1 § 5>
.
4.
Oms 1000 ms 2000 - 3000 ms (random) 5000 ms Atfter first response
Fixation cross Noise mask | Target onset Question mark Rating of Awareness
onset

Figure 2. Trial structure in Experiment 1. Event times indicate the onset of each event relative to the beginning
of the trial. See the online article for the color version of this figure.
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Figure 3. Means and standard errors for response accuracies and reaction times (RTs) in Experiment 1. (A)
Semantic and affective categorization accuracies as a function of mask strength. (B) Categorization accuracies
as a function of subjective level of awareness. (C) Categorization RTs as a function of mask strength. (D) RTs

as a function of level of awareness.

effects or interactions, F's < 1.12. In both tasks, performance
improved at higher levels of awareness (no awareness: .50 seman-
tic, .51 affective; consciously detected: .65 semantic, .63 affective;
consciously discriminated: .77 semantic, .75 affective; completely
aware: .85 semantic, .88 affective). Linear regression analysis was
conducted to determine the degree to which accuracy can be
predicted from subjective level of awareness. Level of awareness
significantly predicted accuracy in affective, B = .12, #94) =
12.21, p < .001, and semantic, B = .12, #(94) = 7.96, p < .001,
tasks as well as explained a significant proportion of variance in
both affective, R = .609, F(1, 94) = 149.0, p < .001, and
semantic, R®> = .396, F(1, 94) = 63 .4, p < .001, tasks.

As participants responded only after mask presentation had
ended, available processing time between stimulus presentation

and response was increased considerably, making reaction time
(RT) data difficult to interpret. Yet, as the affective primacy
hypothesis specifically predicts that the RTs should be faster for
affective versus semantic processing, we analyzed the RT data as
well. The 2 (Task: affective vs. semantic) X 3 (Masking Strength:
weak vs. moderate vs. strong) ANOVA on RTs produced a main
effect of masking strength, F(2, 46) = 4.59, p = .32, m} = .166,
and an interaction of Task X Masking Strength, F(2, 46) = 9.81,
p = .009, m; = .299. In both the affective and semantic tasks RTs
decreased with each decrease in masking strength (strong: 3,442
ms; moderate: 3,300 ms; weak: 3,167 ms). Decomposing the
interaction did not reveal any differences between affective and
semantic tasks at any mask strength, rs(23) < 1.44, ps > .163, rs <
.288. The corresponding 2 (Categorization Task) X 4 (Level of
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Awareness) ANOVA on RTs revealed a main effect of level of
awareness, F(3, 69) = 11.54, p < .001, nﬁ = .334, and task, F(3,
69) = 18.24, p < .001, m; = .442. Affective and semantic RTs
decreased with each increase in awareness (no awareness: 3,514
ms; conscious detection: 3,439 ms; conscious discrimination:
3,275 ms; completely aware: 3,057 ms), and overall RTs were
significantly faster for semantic versus affective categorization
(semantic: 3,277 ms; affective: 3,366 ms). There were no other
significant effects or interactions, Fs < 2.52.

Discussion

Experiment 1 established that affective and semantic categori-
zation of auditory information depends on awareness. In both
affective and semantic tasks, performance was considerably above
chance level (.50) under weak and moderate masking. Under
strong masking performance was above chance level in the seman-
tic task, and a corresponding but weak trend was observed in the
affective task. Yet, signal detection analysis revealed that the
participants could consciously detect the stimuli on some trials in
both the semantic and affective conditions even when strong
masking was used to suppress awareness. Subsequent analyses
based on the trial-wise awareness ratings showed that when par-
ticipants had no conscious percept of the stimuli, their performance
was at chance level in both the affective and semantic task.
However, when participants were even marginally aware of the
stimuli, both semantic and affective categorizations were per-
formed above chance level, and performance in both tasks in-
creased linearly as a function of the level of awareness. Impor-
tantly, participants were able to categorize stimuli along both the
affective and semantic dimensions already when they could detect
the mere presence of the stimulus, even though they could not
consciously discriminate what the stimuli were. Such semantic and
affective categorization under partial stimulus awareness accords
with recent studies of visual awareness and visual recognition
(Grill-Spector & Kanwisher, 2005; Liahteenméki et al., 2015),
which have shown that in the visual domain, below-discrimination
but above-detection threshold stimuli can readily be categorized
along semantic and affective dimensions.

Critically, there were no differences between subjects’ catego-
rization accuracies in the affective and semantic tasks, regardless
of whether performance was indexed in terms of masking strength
or as a function of subjective level of awareness. If affective
processing was indeed prioritized in the auditory system, we would
expect to see some indication of this bias reflected as an advantage
for affective versus semantic categorization of stimuli that are not
consciously perceived, or stimuli that the participant is only par-
tially aware of. On the contrary, analyses of RTs indicated that
semantic categorization was in fact faster than affective categori-
zation. Again, this result is in line with evidence from the visual
domain supporting semantic primacy (Ldhteenmiki et al., 2015;
Nummenmaa et al., 2010).

In conclusion, the results of Experiment 1 do not support the
view that affective categorization does not require awareness or
can be can be carried out in less time or with more limited
resources than other types of auditory information categorization.
Thus, in this respect, affective processing does not seem to con-
stitute a “special” case of auditory information processing, even

though the auditory system would have the necessary capacity for
accessing affect prior to awareness.

Experiment 2

Experiment 1 suggests that affective and semantic categoriza-
tion of auditory information does not take place in the absence of
awareness. Nevertheless, it can be argued that the results were
constrained to the specific stimuli or tasks used, and that noncon-
scious categorization or differences between affective and seman-
tic tasks would have manifested if a different stimulus type or
categorization task were used. To rule out this possibility, we
conducted a second experiment in which we conceptually repli-
cated Experiment 1. Rather than nonverbal vocalizations, we used
three-digit numbers (e.g., “three hundred ninety-four”) spoken
with pleasant and unpleasant emotional prosody as target stimuli,
and contrasted affective evaluations with two semantic categori-
zation tasks: speaker gender judgments and decoding the semantic
content of the speech.

As in Experiment 1, target stimuli were delivered at a random
moment under continuous auditory suppression and three mask
strengths were used. Participants performed, in separate blocks,
2AFC categorization of affective valence (pleasant vs. unpleasant),
speaker gender (male vs. female), or lexical content (small vs.
large number) of the target stimuli in three separate blocks. All
stimuli could be categorized along all three task dimensions, and
the same set of stimuli was used in all tasks. Participants per-
formed PAS on all trials, and data were analyzed both as function
of mask strength and subjective awareness ratings.

Method

Participants, stimuli procedure. Twenty-four university stu-
dents (13 females and 11 males, age 19-30 years, M,,, = 22
years) participated in the experiment. All participants had normal
hearing and normal or corrected-to-normal vision and gave in-
formed consent before participating. The stimuli were 24 vocal-
izations of English three-digit numbers spoken with pleasant or
unpleasant emotional prosody (12 amusement, 12 sadness) by
male (50%) and female (50%) speakers (Sauter, 2007). Half of the
stimuli were numbers below 500, and the other half above 500.
The stimuli lasted <2.5 s each. Additionally, 10 natural informa-
tional noise masks lasting 5 s each were constructed by mixing 20
randomly sampled tokens as in Experiment 1. All stimuli were
normalized and sampled at 44100 Hz with 16-bit resolution. Stim-
uli were delivered via headphones and participants responded via
key press. Attenuation levels were for strong, moderate and weak
masking were determined according to same criteria as in Exper-
iment 1 and set at weak: —0 dB, moderate: —10 dB, and strong:
—18 dB. Stimulus presentation method and trial structure were
otherwise identical to Experiment 1.

The experiment consisted of three blocks. In the affective rec-
ognition block, participants performed 2AFC categorization of
affective category (amusement vs. sad), whereas in the gender
recognition block they performed 2AFC recognition of speaker
gender (male vs. female), and in the number recognition block they
performed 2AFC categorization of lexical content of the tokens
(small vs. large number, i.e., <500 vs. >500). Response latencies
and accuracies were measured and the order of the blocks was
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counterbalanced across participants. Each block consisted of 180
trials presented in random order, and in each block all stimuli were
presented twice at each masking level. As in Experiment 1, the
2AFC task was always followed by rating of stimulus awareness
on the 4-point PAS-scale. In addition, each block contained 20%
catch trials in which only the mask was presented. Participants
were instructed to ignore the mask and focus on performing the
categorization task as accurately as possible, and they were famil-
iarized with the response protocol before the experiment and
performed a practice session consisting of 20 trials before each
stimulus block.

Results

The results are summarized in Figure 4. Data were again first
analyzed as a function of masking strength. In all tasks, perfor-
mance was at chance level under strong masking (.50 affective; .51
gender; .50 number), 7s(23) < .520, ps > .608, rs > .128, and
above chance level under moderate (.66 affective; .83 gender; 63.
number) and weak (.92 affective; .98 gender; .90 number) mask-
ing, 1s(23) >8.110, ps < .001, rs > .860. The d’' values for
conscious detection of the stimuli under strong masking (.31
affective; —.21 gender; .20 number) did not differ from zero for
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any task, 73(23) <1.70, ps > .102, rs < .333, indicating that the
participants were not capable of conscious stimulus detection in
any of the tasks when strong masking was applied.

Accuracy scores were subjected to a 3 (Task: affective vs.
gender vs. number) X 3 (Masking Strength: weak vs. moderate vs.
strong) ANOVA, which revealed main effects of masking strength,
F(2, 46) = 690.78, p < .001, m} = .968, and task, F(2, 46) =
28.19, p < .001, ny = .551, as well as an interaction of Masking
Strength X Task, F(4, 92) = 13.84, p < .001, 'r]ﬁ = .376. To
decompose the interaction, one-way ANOVAs of task (affective
vs. gender vs. number) were conducted for each masking strength
level, and revealed a significant effect of task under weak and
moderate masking strength, Fs(2,46) > 11.71, ps < .001, n3s >
.336, but not under strong masking, F(2, 46) = .075, p = .928,
M3 = .003. Under weak and moderate masking, accuracy was
significantly higher in the gender recognition task than in the
affective or number recognition task, #s(23) > 3.91, ps < .002,
rs > .630, while there were no differences between affective and
number recognition tasks, #s(23) < 1.35, ps > .192, r < .270.

As in Experiment 1 we also analyzed the RT data despite long
mean latencies (>3 s). The corresponding ANOVA on RTs
yielded main effects of mask strength, F(2, 46) = 31.07, p < .001,
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Figure 4. Means and standard errors for (A, B) response accuracies and (C, D) reaction times (RTs) in
Experiment 2 as a function of mask strength and subjective level of awareness. Asterisk indicates significant
differences between tasks following Bonferroni correction.
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Mp = .575, categorization task, F(2, 46) = 10.91, p < .001, 3 =
.322, and an interaction of Mask Strength X Categorization Task,
F(4,92) =17.20,p = .001, n,% = .238. Decomposing the interaction
revealed a significant effect of categorization task at all levels of
mask strength, Fs(2,46) > 5.52, ps < .008, m2s > .194. At all
levels of masking strength, gender categorization was faster than
the affective or number recognition (weak: gender, 3,494 ms;
affective, 3,689 ms; number 3,776 ms; moderate: gender, 3,744
ms, affective, 3,918 ms, number, 3,863 ms; strong: gender, 3,626
ms; affective, 3,860 ms, number, 3,698 ms). Paired comparisons
with Bonferroni corrected alpha levels showed that this effect was
significant for gender versus affective and gender versus number
tasks under strong masking, #s(23) > 3.78, ps < .002, rs > .618,
and for gender versus affective under weak masking, #(23) = 3.85,
p = .001, r = .626. Differences in RTs between affective and
number tasks were not significant at any mask strength, all
13(23) < 2.45, ps > .022, rs < .455, Bonferroni corrected.

Next, the data were analyzed as a function of the PAS ratings.
One sample ¢ tests demonstrated that, when participants reported
having no awareness of the stimuli (awareness rating response 1),
accuracies were at chance level in all tasks, #s(23) < 1.23, ps >
228, rs < .249. However, accuracy significantly differed from
chance level when participants reported any awareness of the
stimuli (awareness rating responses 2,3,4), 1s(23) >3.78, ps [lt]
.001, rs > .618. A 3 (Categorization Task) X 4 (Level of Aware-
ness) ANOVA was then conducted on accuracies. This revealed
main effects of categorization task, F(2, 46) = 20.13, p < .001,

2 = 467, and level of awareness, F(3, 69) = 271.61, p < .001,
.922, and an interaction of Categorization Task X Level of
Awareness, F(6, 138) = 3.93, p = .005, 1} = .146. Decomposing
the interaction through separate one-way ANOVAs for each level
of awareness revealed a significant effect of categorization task for
all partially aware stimuli (PAS ratings 2, 3), Fs(2,46) > 7.19,
ps < .005, m2s > .237, whereas no differences were observed in
complete absence of awareness, nor for completely aware stimuli
(PAS ratings 1, 4), Fs(2,46) = 2.17, ps > .132, ngs < .086. For all
partially aware stimuli, accuracy was higher in the gender recog-
nition task than in the affective or number recognition task,
ts(23) > 3.00, ps < .007, rs > .530, whereas no differences
between affective and number task were observed under any level
of awareness, s(23) < .984, ps > .334, rs > .201. In all tasks,
performance improved with each increase in reported level of
awareness (no awareness: .48 affective, .52 gender, .50 number;
consciously detected: .62 affective, .75 gender, .59 number; con-
sciously discriminated: .84 affective, .93 gender, .82 number;
completely aware: .96 affective, .98 gender, .95 number). Simple
linear regression analysis was then conducted to predict accuracy
based on level of awareness, and showed that level of awareness
significantly predicted accuracy for all categorization tasks, Bs >
16, 1s(94) > 12.97, ps < .001, and explained a significant pro-
portion of variance in all tasks, Rs > 716, Fs(1, 94) > 238.45,
ps < .001.

For RTs, the corresponding 3 (Categorization Task) X 4 (Level
of Awareness) ANOVA yielded main effects of categorization
task, F(2, 46) = 11.89, p < .001, ng = 341, and level of
awareness, F(3, 69) = 24.19, p < .001, n% = 513, and an
interaction of categorization Task X Level of Awareness, F(6,
138) = 4.22, p = .004, n3 = .155. Decomposing the interaction
yielded a significant effect of categorization task at all levels of

3 3
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awareness, Fs(2,46) > 4.08, ps > .032, n%s > 151. Paired
comparisons tests following Bonferroni correction showed that for
all aware stimuli, RTs were significantly faster in the gender task
versus the affective or number task, #s(23) > 3.10, ps < .006, rs >
.543, whereas there were no significant differences between affec-
tive and number tasks at any mask strength, nor between any tasks
in the complete absence of awareness (no awareness: affective,
3,913 ms, gender, 3,761 ms, number, 3,776 ms; consciously de-
tected: affective, 3,960 ms, gender, 3,675 ms, number, 3,969 ms;
consciously discriminated: affective, 3,854 ms, gender, 3,589 ms,
number, 3,873 ms; completely aware: affective, 3,640 ms, gender,
3,483 ms, number, 3,609 ms), all 75(23) < 2.39, ps > .026, rs <
.446, Bonferroni corrected.

Discussion

Experiment 2 confirms that semantic and affective auditory
categorization is contingent on awareness across multiple task
domains. Under strong masking categorization, (a) performance in
all tasks was consistently at chance level, (b) no differences in
accuracy between tasks were observed, and (c) d’ scores verified
that the participants could not consciously detect the primes.
Analysis as function of awareness confirmed that when partici-
pants reported no conscious perception of the stimuli, accuracy
was at chance level in all tasks. At all levels of awareness where
stimuli were consciously perceived (ratings 2, 3, and 4) all three
tasks could be performed above chance level, and in all tasks
accuracies increased linearly as a function of awareness. All in all,
these results show that both affective and semantic categorization
is dependent on awareness.

Notably, for all masking strengths where categorization could be
successfully performed, accuracy in the gender task was signifi-
cantly higher than in the affective or number tasks. Further, anal-
yses as a function of awareness rating showed that accuracy was
greater for the gender task versus affective or number task only
when stimuli were only partially perceived (awareness ratings 2
and 3). In general, this shows that extracting different types of
category information posed different demands for consciousness.
However, semantic (gender) rather than affective information re-
quired the least auditory information for successful categorization,
providing evidence against the affective primacy hypothesis. Im-
portantly, for completely aware trials there were no differences in
accuracies between tasks, confirming that the differences observed
under partial awareness do not stem from differential levels of base
difficulty between the tasks.

Finally, RTs demonstrate that gender categorization was sys-
tematically faster than affective or number categorization. As this
difference manifests itself at all mask strengths and is significant
for weak masking with clearly audible stimuli as well as strong
masking where the stimuli were not consciously perceived, the
results indicate that this finding represents a general difference in
processing time allocated to the different cognitive tasks regardless
of whether stimuli can successfully categorized or consciously
perceived. Nevertheless, analysis of awareness rating responses
indicates that the difference is amplified when participants are
aware of the stimuli. These results accord with findings from the
visual domain indicating that an initial semantic categorization
precedes affective evaluation (Nummenmaa et al., 2010). More-
over, as RTs in the number task involving semantic recognition of
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the lexical information did not differ from affective task RTs, the
results of Experiment 2 also demonstrate that semantic processing
is not universally faster than affective processing; instead complex
semantic categorization operations can be on par or may take
longer to accomplish (Lihteenmiki et al., 2015) than affective
evaluations. Together, these findings strongly support the notion
that semantic categorization is faster than affective evaluation
(Lahteenmiki et al., 2015; Nummenmaa et al., 2010; Storbeck,
Robinson, & McCourt, 2006), and argue against the affective
primacy hypothesis (Zajonc, 1980).

Experiment 3

Experiments 1 and 2 established that explicit affective and
semantic auditory categorization require awareness. Yet, it is pos-
sible that affective or semantic stimulus processing could have
been carried out to some extent in the absence of awareness, but
that this processing was insufficient to influence performance in a
conscious decision-making task, and that the resultant affective or
semantic responses were too weak to elicit a conscious percept. In
Experiment 3 we tested this possibility with a masked auditory
priming paradigm, which enables quantification of implicit affec-
tive and semantic processing. To ensure that all possible affective
and semantic information in the probe were available immediately
upon prime onset and remained accessible throughout stimulus
presentation, we used visual probes, specifically emotional facial
expressions. Moreover, using different sensory modalities for the
prime and probe ensured that the associations between prime and
probe were purely conceptual (i.e., affective or semantic), thus
preventing any occurrence of perceptual priming effects that could
otherwise confound the data.

The effectiveness of the cross-modal paradigm has been estab-
lished for both affective (Carroll & Young, 2005; Gohier et al.,
2013) and semantic priming (Chen & Spence, 2013; Scherer &
Larsen, 2011; Tabossi, 1996; Young, Hellawell, & De Haan, 1988)
using both auditory-visual and visual-auditory prime-probe com-
binations, and with stimulus categories ranging from words (Davis
& Kim, 2015; Holcomb & Anderson, 1993; Scherer & Larsen,
2011), numbers (Kouider & Dehaene, 2009) and faces (Young et
al., 1988) to environmental sounds (Kim, Porter, & Goolkasian,
2014). These data imply that cross-modal priming is a robust effect
and thus a suitable proxy for this first-ever investigation of cross-
modal priming effects with nonconscious auditory primes.

The participants performed affective and semantic categoriza-
tion of probes that were preceded by masked primes. Prime audi-
bility was again manipulated by attenuating prime volume, while
the mask volume was fixed. The primes were the pleasant and
unpleasant emotional vocalizations from Experiment 1, and the
probes were fearful and happy facial expressions from the Karo-
linska Directed Emotional Faces database (Lundqvist, Flykt, &
Ohman, 1998). Both the primes and the probes could be catego-
rized according to either their affective valence (pleasant vs. un-
pleasant) or semantic category (male vs. female), and were com-
bined so that the prime-probe pair could be congruent on both
dimensions (e.g., female amusement sound followed by happy
female face), incongruent in both (e.g., female amusement sound
followed by fearful male face), or congruent in one and incongru-
ent in the other (e.g., female amusement sound followed by fearful
female; female amusement sound followed by happy male face),

resulting in 16 different prime-probe congruency combinations
(see Figure 5). RTs and accuracies were again measured. To index
the participants’ awareness of the primes, the participants rated
their conscious percept of the prime on the PAS-scale on each trial
after the categorization task.

Even though affective auditory-visual cross-modal priming has
been demonstrated previously (Carroll & Young, 2005) we con-
ducted a pilot experiment to validate our cross-priming design. The
pilot experiment consisted of an affective and a semantic block
with clearly audible unmasked primes presented at interstimulus
intervals (ISIs) of 0, 300, and 600 ms. Affective priming (ps <
0.05) for fear and amusement was observed at all three ISIs,
whereas triumph and disgust elicited priming effects only at ISI of
300 ms. Consequently, stimulus onset asynchrony (SOA) of 300
ms was chosen to maximize the likelihood of observing uncon-
scious affective priming if such a phenomenon exists. Finally, to
account for the possibility that nonconscious auditory affective or
semantic processing might manifest in a within—but not be-
tween—modality priming design, we also conducted a purely
auditory priming experiment (n = 20) using the nonverbal emo-
tional vocalizations as primes and probes to test for the possibility
of implicit within-modality affective or semantic nonconscious
auditory processing; Trial structure and design were otherwise
identical with the cross-priming experiment. In this within-

Prime Probe
Affective congruent ‘)))
Semantic congruent Amused
female
voice
Affective incongruent ‘)))
Semantic congruent Amused
female
voice
Affective congruent ‘)))
Semantic incongruent Amused
female
voice
Affective incongruent ‘)))
Semantic incongruent Afrilised
female
voice

Figure 5. Examples of prime-probe congruency combinations for one
prime category (amused female). With happy and fearful female and male
probe faces. Images AF22HAS, AF22AFS, AF10HAS, AF10AFS from the
Karolinska Directed Emotional Faces (KDEF) database. See the online
article for the color version of this figure.



and is not to be disseminated broadly.

gical Association or one of its allied publishers.

This document is copyrighted by the American Psycholo,
This article is intended solely for the personal use of the individual user

AUTOMATIC AUDITORY AFFECT 11

modality priming experiment neither semantic nor affective prim-
ing were observed for conscious or nonconscious primes.

Method

Participants. Forty-eight university students (22 females and
26 males, age 19-35 years, M, = 24 years) participated in the
experiment. All participants had normal hearing and normal or
corrected-to-normal vision.

Stimuli and apparatus. The auditory prime stimuli were 20
nonverbal vocalizations of positive and negative emotions (10
amusement, 10 fear; five male and five female tokens in each
category) and the natural noise masks from Experiment 1. The
primes were cropped to 700 ms to minimize temporal variability
between stimuli; this was done in such a way that no artificial
onsets/offsets were produced. Recognizability of the cropped stim-
uli was verified by two independent observers, who correctly
recognized all individual tokens along both affective and semantic
dimensions. In addition, 80 pictures of emotional facial expres-
sions (20 happy females, 20 happy males, 20 fearful females, 20
fearful males) were selected from the Karolinska Directed Emo-
tional Faces database and used as probes in the experiment. This
stimulus set has previously been used in a masked priming study
(Lahteenmaki et al., 2015) and shown to elicit both affective and
semantic priming.

Procedure. The experiment consisted of two experimental
conditions (affective and semantic) with identical trial structure
and stimuli (see Figure 6). Each trial began with a fixation cross
displayed at the center of the screen for 1 s, followed by a
randomly selected noise mask that lasted 1.7 s. As masked priming
effects are dependent on temporal allocation of attention on the
prime-probe time window (Naccache, Blandin, & Dehaene, 2002),
the prime was always presented after a fixed 1-s delay from mask
onset for a duration of 700 ms. Then, following a 300 ms delay
from prime offset, the probe was presented for 200 ms, and was
followed by a question mark which signaled to the subject to give
their response. The categorization task always preceded the prime
awareness rating on the 4-point PAS-scale; in the latter task there
was no time-pressure. The next trial began after the participant
gave their response on the awareness rating task.

Prime audibility was attenuated in three steps (weak, moderate,
strong) as in Experiment 1. Each prime was presented 24 times

SRS |

(eight times at each masking level) and each probe was presented
six times (twice at each masking level) in each condition. Each
condition consisted of 580 trials, out of which 100 were catch trials
in which no prime was presented. Participants were randomly
assigned to either the affective or the semantic condition; 24
participants took part in each. In the affective condition, partici-
pants performed affective evaluations (fearful vs. happy) of the
probes, and in the semantic condition the probes were categorized
semantically (male vs. female). This resulted in a mixed 3 (Mask
Strength: weak vs. moderate vs. strong) X 2 (Congruency: con-
gruent vs. incongruent) X 2 (Task: semantic vs. affective) design
with mask strength and congruency as within subjects factor and
task as a between-subjects factor.

The participants were told that each trial consists of the mask
and prime sounds, followed by the target picture. They were
instructed to ignore the prime and focus on categorizing the target
as accurately and quickly as possible. Before the experiment the
participants were familiarized with the response protocol and per-
formed a short practice session consisting of 20 trials. RTs and
accuracies were measured.

Results

The results are summarized in Figure 7. Data were again first
analyzed as a function of masking strength. Accuracy and RT
scores were subjected to 2 (Task: semantic vs. affective) X 2
(Congruency: congruent vs. incongruent) X 3 (Mask Strength:
weak vs. moderate vs. strong) ANOVAs with Task as a between-
subjects factor. For accuracies, the ANOVA yielded a main effect
of congruency, F(1, 46) = 8.16, p = .006, n; = .151, which was
qualified by an interaction of Mask Strength X Congruency, F(2,
92) = 5.13, p = .008, m = .100. There were no other significant
main effects or interactions, all F's < 2.53. Paired sample ¢ tests for
congruent versus incongruent trials at each level of Mask strength
revealed that affective and semantic accuracies were higher for
congruent versus incongruent trials for primes under weak (.94
congruent; .92 incongruent) masking, #(47) = 3.89, p < .001, r =
493, but not under moderate (.94 congruent; .93 incongruent) or
strong (.94 congruent; .93 incongruent) masking, 7s(47) < .86,
ps > 396, rs < .125.

The corresponding ANOVA on RTs revealed main effects of
Mask Strength, F(2, 92) = 20.81, p < .001, ng = .312, and

ms Inter-Stimulus Interval

1. 1did not hear...
- + 1 ? 1 :23 >
4
0Oms 1000 ms 2000 ms 3000 ms 3200 ms After first response
Fixation cross |Noise mask |Probe onset Target Question mark  Rating of Awareness

onset

Figure 6. Trial structure in Experiment 2. Event times indicate the onset of each event relative to the beginning
of the trial. Image AF15HAS from the Karolinska Directed Emotional Faces (KDEF) database. See the online

article for the color version of this figure.
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Figure 7. Means and standard errors of mean of priming scores (incongruent-congruent) for reaction time (RT)
in Experiment 3. (A) Accuracy priming scores for affective and semantic categorization as a function of mask
strength. (B) RT priming scores for affective and semantic categorization as a function of mask strength. (C)
Accuracy priming scores as a function of awareness. (D) RT priming scores as a function of awareness. Asterisk

indicates significant main effect of congruency.

congruency, F(1, 46) = 12.29, p = .001, ng = 211, and an
interaction of Mask Strength X Congruency, F(2,92) = 5.15,p =
.008, 3 = .101. RTs were significantly faster for congruent versus
incongruent primes under weak (mean priming score 15 ms) and
moderate (mean priming score 20 ms) masking, ts(47) > 2.69,
ps < .011, rs > .364 but not under strong (mean priming score <1
ms) masking, #(47) = .075, p = .940, r = .010. There were no
other significant effects, Fs < 2.3.

The d's for primes under strong masking (1.33 affective; .47
semantic) significantly differed from zero in both tasks,
ts(23) > 4.23, ps < .001, rs > .627, indicating that the
participants could consciously detect the primes on some trials
even when strong masking was applied. Accuracy and RT
scores were next analyzed as a function of the awareness rating
responses. The 2 (Task) X 2 (Congruency) X 4 (Level of
Awareness) ANOVA on accuracies produced a main effect of
congruency, F(1, 46) = 4.85, p = .033, n; = .095, which was
modified by a three-way interaction of Congruency X Level of
Awareness X Task, F(3, 138) = 3.14, p = .027, ng = .064.
Decomposing the interaction by separate 2 (Task) X 2 (Con-
gruency) ANOVAs at each level of awareness revealed a main
effect of Congruency for consciously detected primes and com-

pletely aware primes, Fs(1, 46) > 4.45, ps < .041, n%s > 087,
which were modified by an interaction of Congruency X Task,
F(1,46) = 4.67, p = .036, 3 = .093. There were no other main
effects or interactions, F's < 2.2. There were no differences
between incongruent versus congruent trials in either task in the
complete absence of awareness, s(23) < 1.55, ps > .136, rs >
.627, whereas higher accuracies for congruent versus incongru-
ent trials were observed for consciously detected primes in the
semantic task (awareness rating 2: .96 congruent vs. .93 incon-
gruent) and for completely aware primes in the affective task
(awareness rating 4: .94 congruent vs. .91 incongruent), how-
ever, these effects did not survive Bonferroni corrections for
multiple comparisons, #s(23) < 2.45, ps > .022, rs < .455.
The corresponding ANOVA on RTs revealed main effects of
Level of Awareness, F(3, 138) = 7.83, p < .001, n3 = .145, and
congruency, F(1, 46) = 4.58, p = .038, 3 = .091. An inter-
action of Level of Awareness X Congruency, F(2.6, 118.0) =
3.51, p = .023, my = .071, revealed that affective and semantic
RTs were on average 30 ms, 95% confidence interval [12.1,
48.1], faster for congruent versus incongruent trials when the
participants were completely aware of the primes, #(47) = 3.24,
p = .002, r = .427, while there were no differences between
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congruent and incongruent trials for partially aware primes or in
the complete absence of awareness, #s(47) < 1.04, ps > .306,
rs < .151. Main effect of Task or interactions involving Task
were not significant, F's < 2.66.

Discussion

Experiment 3 shows that implicit affective and semantic pro-
cessing of auditory information are similarly dependent on aware-
ness. Affective and semantic cross-modality priming was observed
for accuracies and RTs, and analysis of the awareness rating
responses confirmed that priming effects were only elicited when
the participants were aware of the primes. The general cross-modal
priming effect accords well with prior studies (Carroll & Young,
2005), and also extends them in showing that even though
auditory-visual cross-priming occurs with masked primes, priming
effects nevertheless only emerge when the masked stimuli give
rise to conscious perception of the prime. Moreover, as the primes
and probes were of different physical stimulus modalities, the
results suggest that the observed affective and semantic priming
effects reflect sensory domain-independent activation of emotional
and semantic evaluation systems, rather than perceptual priming
effects elicited by purely sensory stimulus features (e.g., percep-
tual affective priming effects in Calvo, Fernandez-Martin, & Num-
menmaa, 2012). Finally, our results complement previous studies
on cross-modality face priming (Bulthoff & Newell, 2017; Steve-
nage, Hale, Morgan, & Neil, 2014) in showing that face processing
can be modulated by both affective and semantic vocal features.

Notably, d" scores indicate that in Experiment 3 participants
were more sensitive to consciously detecting the stimuli than in
Experiment 1. Critically, in Experiment 1 the stimulus was pre-
sented at a random moment within the continuous noise mask,
whereas in Experiment 3 the presentation time was fixed to opti-
mize priming effects. Thus, in Experiment 3 participants were able
to focus temporal attention on the prime to increase the likelihood
of a conscious percept while in the first experiment they could not.
This supports the notion that attentional focusing increases acces-
sibility of low-threshold stimuli for awareness (Koivisto et al.,
2008). However, in Experiment 3 the d’ scores were noticeably
higher in the affective than the semantic task. This difference
between the tasks suggests that temporal attention has a differen-
tial effect on affective and semantic recognition, in that successful
allocation of temporal attention may enhance access of affective
information into awareness. Nevertheless, it is important to note
that despite such residual prime awareness the priming scores
remained consistently at zero.

General Discussion

Our main findings were that (a) implicit and explicit auditory
affective and semantic categorization require awareness and that
(b) auditory semantic categorization is faster than auditory affec-
tive recognition. In the absence of awareness, explicit affective and
semantic categorization accuracies in both categorization experi-
ments were at chance level and priming scores did not differ from
zero. When stimuli were consciously perceived, explicit affective
and semantic categorization could be accomplished above chance
level and both affective and semantic priming were observed.
Analysis of categorization speed further revealed that semantic

categorization was faster, and under limited awareness more ac-
curate than affective evaluation. Together, these results argue
against the notion that affective processing can be performed
outside of awareness (LeDoux, 1998; Tamietto & De Gelder,
2010) or faster than semantic processing (Murphy & Zajonc, 1993;
Zajonc, 1980), and corroborate a position of semantic primacy
(Nummenmaa et al., 2010).

Auditory Affective Categorization Requires Awareness

The primary contribution of the present study is in showing that
affective and semantic auditory categorization are similarly con-
tingent on awareness. Both explicit (PAS) and implicit (priming
scores) measures were convergent and showed that neither affec-
tive nor semantic processing took place when the participants had
no conscious perception of the stimulus. In the explicit tasks,
performance in both affective and semantic recognition increased
linearly (affective R* = .609, semantic R* = .396) with increasing
awareness, yet critically, there were no differences between affec-
tive and semantic categorization accuracies or RTs at any level of
awareness (or masking).

In line with these above findings, results from the implicit tasks
showed that while both affective and semantic priming effects
were observed when participants were aware of the masked
primes, neither affective nor semantic priming was elicited by
primes that were not consciously perceived. It must be emphasized
that even though the human auditory system would have the
anatomical capacity to perform affective evaluations in the ab-
sence of awareness (Keifer et al., 2015), the present experiments
demonstrates that affective auditory categorization can only be
carried out when the stimuli are consciously perceived. Impor-
tantly, within the visual domain, affective recognition has been
shown to be similarly contingent on awareness (Hedger et al.,
2015; Lahteenmaki et al., 2015; Pessoa, 2005; Pessoa et al., 2006).
Thus, the combined evidence suggests that in both sensory sys-
tems, the processing of emotional information involves higher
order cortical processing.

The present study however does show that both affective and
semantic auditory categorization can be carried out with limited
stimulus information, and even for stimuli below the conscious
discrimination threshold (Experiment 1). As similar observations
have been made for affective and semantic visual categorization
operations (Ldhteenméki et al., 2015), the capability for catego-
rizing stimuli that cannot be consciously discriminated is likely a
general feature of sensory processing. It must nevertheless be
stressed that, in both the auditory and visual experiments, semantic
categorization performance of these marginally conscious stimuli
was always of equal or higher accuracy than affective categoriza-
tion performance. Consequently, categorization of stimuli that are
marginally consciously perceived is by no means specific to affect,
and thus cannot be taken to support the affective primacy hypoth-
esis (Zajonc, 1980, 2000).

Moreover, the awareness rating distributions (see Table 1) in-
dicate that even when strong masking was applied, the low-
intensity stimuli could still be consciously detected on a substantial
number of trials. Because detection sensitivity varies substantially
between participants (Pessoa et al., 2005) and across trials due to
attentional fluctuations and changes in level of arousal (Macmillan
& Creelman, 2004), we stress that the dependence of affective and
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Table 1
Distribution of Awareness Rating Responses for Each Mask
Strength in Each Experiment

Proportion of awareness rating

responses
Mask No Something Partially Completely
Experiment strength awareness (guess) aware aware
1 Weak .04 .16 31 49
Moderate 33 33 22 A2
Strong .69 22 .07 .02
2 Weak .01 .04 22 73
Moderate 28 37 .29 .06
Strong 81 .16 .03 .01
3 Weak .04 .08 25 .63
Moderate .09 17 31 43
Strong 31 25 21 23

semantic processing on awareness can only be detected when
trial-wise analysis of subjective level of perception is applied.
Even if purely no-aware trials result in a mean zero performance,
and trials where stimuli reach awareness in positive nonzero per-
formance, any experimental design allowing leakage of stimuli
into awareness even on a subset of trials will ultimately manifest
“unaware” stimulus processing due to averaging.

Because trial-wise measures of awareness have not been em-
ployed in most studies on nonconscious perception (e.g., Liddell,
Williams, Rathjen, Shevrin, & Gordon, 2004; Nomura et al., 2004;
Phillips et al., 2004; Williams et al., 2004, 2006, and others), it is
likely that previous studies on nonconscious affective perception
may have largely documented effects that have in fact taken place
under marginal stimulus awareness. Yet, when trialwise control of
awareness is conducted, results from both auditory and visual
domains show that affective and cognitive categorization opera-
tions do not take place in the absence of awareness (see, e.g.,
Hedger et al., 2015; Lahteenmiki et al., 2015; Pessoa et al., 2006;
Pessoa et al., 2005). Even more importantly, quantitative meta-
analytic evidence suggests that effect sizes for nonconscious af-
fective processing are largest in the studies involving less rigorous
means for controlling awareness (Ldhteenmiki et al., 2015). Al-
together these findings question the widely accepted account that
stimuli not reaching even partial awareness could significantly
modulate cognitive processing of perceptual information (Born-
stein & Pittman, 1992; Dixon, 1971). However, it is still possible
that some forms of overlearned affective responses (such as fast
activation of fear in phobics) or perception-action links can be
triggered by stimuli that are not consciously perceived (Lamme,
2006; Larson et al., 2006), yet this line of research requires
significantly more work to establish the boundary conditions lead-
ing to affective responses under minimal awareness.

Auditory Semantic Processing Is Faster Than Affective
Processing

The second main finding of the present study is in showing that
in the auditory system, semantic categorization can be performed
more quickly and with lower demand on awareness than affective
evaluations. Analogously with findings from the visual domain
(Ldhteenmiki et al., 2015; Nummenmaa et al., 2010; Storbeck et

al., 2006), mean response latencies in both categorization experi-
ments revealed that RTs were systematically faster for semantic
gender categorization than for affective evaluation of valence.
Results of Experiment 2 further complemented this picture by
showing that while increased semantic over affective RTs are
present at all levels of awareness, the difference is amplified when
the stimuli are consciously perceived. Interestingly, these results
seem to contrast findings from the visual domain in the sense that
in Experiment 2 a weak difference between affective and semantic
speeds was present when stimuli were not consciously perceived,
despite chance-level categorization performance for these stimuli,
whereas in the visual modality differences between categorization
operations only manifested when categorization could be per-
formed above chance level. Given that in the present study accu-
racies nevertheless did not differ from chance level, the result
suggests that the differential latencies reflect in part a difference in
decision-making speed in the semantic versus affective tasks and
not merely affective and semantic processing speeds of auditory
stimuli. Yet, as differences between semantic and affective cate-
gorization RTs are substantially increased for all stimuli that are
consciously perceived, the combined results suggest that in addi-
tion to differential base decision-making time, processing of the
relevant features for affective and semantic categorization of the
same stimuli also take longer for affective versus semantic cues to
accomplish.

Importantly, with respect to the reliability of the RTs for index-
ing categorization speed, it must be considered that in the present
experiments the participants always gave their response after the
entire masker presentation had ended, and that mask offset time
was always equal to or greater than target offset. Consequently,
the obtained RTs also reflect the extra time taken for listening to
the entire auditory presentation and making a consequent forced-
choice affective or semantic decision. Thus, the RTs cannot be
taken as measures of absolute affective or semantic response
speeds. Nevertheless, as presentation durations were identical and
same stimuli were used across affective and semantic tasks, the
RTs provide information on relative differences in affective versus
semantic categorization speeds. Thus, as RT in the number task
involving lexical content of the auditory stimuli did not differ from
affective RTs, the results indicate that semantic primacy in the
auditory is not universal, and instead more complex semantic tasks
can be on par or take longer to accomplish than affective evalua-
tion.

Directly opposed to what is predicted by the affective primacy
hypothesis (Murphy & Zajonc, 1993; Zajonc, 1980), categoriza-
tion accuracies revealed that when stimulus signal-to-noise ratio
was manipulated such that the stimuli were only partially con-
sciously perceived, semantic categorization of gender could be
performed at a higher accuracy than affective categorization, in-
dicating that auditory semantic features can be decoded from a
weaker signal than affective features of the same stimuli and that
within the auditory system semantic processing has a lower de-
mand on consciousness than affective processing. Again, this
result is in line with findings from the visual modality showing that
semantic categorization requires less sensory information than
affective evaluation (Nummenmaa et al., 2010).

Finally, it must be noted that our findings are limited by the fact
that we only used behavioral measures to index affective and
semantic processing, thus restricting the extent to which general-
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ization to all affective and semantic processing can be made on the
basis of the present results. It can be argued that some degree of
affective or semantic processing may have occurred in the absence
of awareness, and that indices of such processing could have been
obtained using physiological measures such as facial electromyog-
raphy, galvanic skin responses or brain imaging. However, the
present results demonstrate that even if such processing exists, it is
insufficient to modulate behavior.

Conclusions

We conclude that affective and semantic categorization are
similarly dependent on awareness, yet auditory semantic process-
ing is faster than auditory affective processing. Both implicit and
explicit measures of affective categorization show that affective
and semantic processing only occur when there is sufficient stim-
ulus information for awareness to emerge. When participants are
even marginally aware of the stimuli, affective and semantic
categorization can be carried out with equal accuracy, however,
this capability for processing stimuli that cannot be consciously
discriminated is a general property of sensory information process-
ing and is not specific to affect. Last, the present study shows that
under limited awareness semantic categorization is more accurate
than affective recognition. Taken together, our results support the
view that all auditory semantic and affective processing are de-
pendent on awareness, and indicate semantic over affective pri-
macy.
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