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Despite a growing number of studies suggesting that emotion words affect perceptual judgments of
emotional stimuli, little is known about how emotion words affect perceptual memory for emotional
faces. In Experiments 1 and 2 we tested how emotion words (compared with control words) affected
participants’ abilities to select a target emotional face from among distractor faces. Participants were
generally more likely to false alarm to distractor emotional faces when primed with an emotion word
congruent with the face (compared with a control word). Moreover, participants showed both decreased
sensitivity (d=) to discriminate between target and distractor faces, as well as altered response biases (c;
more likely to answer “yes”) when primed with an emotion word (compared with a control word). In
Experiment 3 we showed that emotion words had more of an effect on perceptual memory judgments
when the structural information in the target face was limited, as well as when participants were only able
to categorize the face with a partially congruent emotion word. The overall results are consistent with the
idea that emotion words affect the encoding of emotional faces in perceptual memory.
Keywords: emotion perception, emotional faces, emotion words, semantic priming, signal detection
theory

Emotion perception happens with ease: humans can effortlessly
look at another person’s face and see happiness, sadness, anger, or
some other emotion. Structural approaches to emotion perception
suggest that the information in another person’s face informs
discrete emotion judgments due to inherent links between facial
actions and emotions (e.g., Ekman, 1972, 1992; Ekman & Cordaro, 2011; Izard, 1971, 1994; Matsumoto, Keltner, Shiota,
O’Sullivan, & Frank, 2008; Tomkins, 1962, 1963). According to
these views, language is either independent to emotion perception
(e.g., Brosch, Pourtois, & Sander, 2010; Sauter, LeGuen, & Haun,
2011) or a byproduct of the communication process (i.e., innate
categories sediment out into language; Scherer, 2000). As a result,
labels applied to faces should be the result of processing of the

structural information of the face. An alternative constructionist
account suggests that emotion labels are not applied as a result of
structural processing, but rather contribute to emotion perception
in a predictive manner by bringing online conceptual knowledge
associated with an emotion category. Constructionist accounts are
similar to structural approaches in that some structural features
of facial actions inform perceptions. These approaches are
distinct, however, in that perceivers routinely infer emotional
states that are informed by other sources of information. Said
another way, emotion perception is shaped by the internal
context that exists in the mind of a perceiver or additional
external context in the environment (Barrett, 2006a, 2006b;
2011, 2012, 2013, 2014).
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Language is a key part of the internal context which informs
emotion perception. In our model of emotion perception, emotion
words like “anger,” “sadness,” and “fear” name folk categories
that divide up the continuous and highly variable measurable
outcomes (e.g., facial muscle movements, peripheral physiology,
behavior; Barrett, 2006a, 2006b; 2011, 2012, 2013, 2014). Although in some instances of an emotion, individuals might produce
a canonical “expression” (i.e., widened eyes, mouth agape), what
Russell (2003) referred to as “blue-ribbon” instances, there are
many more instances in which this structural information is not
present, or not sufficient in and of itself. The language-as-context
hypothesis (Barrett, 2009; Barrett, Lindquist, & Gendron, 2007;
Barrett, Mesquita, & Gendron, 2011; for a recent review, see
Fugate & Barrett, 2014; Lindquist & Gendron, 2013) suggests that
emotion words provide an internal context that helps to constrain
the complex, multidimensional flow of information. As a result,
bringing an emotion word online might change the nature of the
structural information which is encoded from emotional faces. In
the current experiments, we build on the language-as-context
hypothesis to examine how emotion words change perceptual
memory for emotional faces. Specifically, we investigate how
emotion words change participants’ likelihood to correctly select a
target face from distractor faces. We also investigate how emotion
words change perceptual memory biases when the time to encode
the face is systematically varied and the emotion words presented
are not fully congruent with the face.

Emotion Words and Emotion Judgments
The impact of emotion words on emotion judgments is demonstrated by several lines of research. Making language more accessible impacts emotion judgments. Participants primed with an
emotion-related word (e.g., joyous; compared with a control word)
are quicker to select the correct emotion word (e.g., “happy”) to
label a smiling face (Carroll & Young, 2005, Experiment 2).
Participants primed with a congruent emotion word (compared
with a control word) are faster to detect when a facial depiction
changes from that emotion category to another emotion category
(Fugate, O’Hare, & Emmanuel, in press). Children are also better
able to match a facial depiction of emotion to an emotion word
(e.g., “angry”) than they are at matching two faces posing similar
emotions (e.g., two scowling faces; Widen, 2013; Widen & Russell, 2003). Finally, participants have lower sensitivity (d=) at
identifying whether a second emotional face (of a different identity) belongs to the same emotion category as a target emotional
face (face-face trials) compared with when an emotion word
belongs to that category (face-word trials; Nook, Lindquist, &
Zaki, 2015). Such faciliatory effects of words even impact emotion
judgments which do not manipulate language. Simply having an
emotion word available in a paradigm forces agreement of emotion
judgments compared with when emotion words are not included.
For example, when perceivers are asked to match a posed emotional face to a set of emotion words provided by the experimenter, agreement on the meaning is much higher than when
perceivers must spontaneously label the faces (cf. Russell,
1994; e.g., Boucher & Carlson, 1980).
Reduced accessibility of emotion word meaning has a similar
impact on emotion judgments. When perceivers’ accessibility to
emotion words is temporarily reduced using a standard labora-

tory task (via semantic satiation), their ability to judge whether
two faces match in emotional content is no better than chance
(Lindquist, Barrett, Bliss-Moreau, & Russell, 2006). In addition, patients with semantic dementia (a neurodegenerative
disease defined by the loss of abstract words) do not categorize
emotional faces into discrete categories. Instead, they sort faces into
more basic, affective (positive and negative) piles (Lindquist, Gendron, Barrett, & Dickerson, 2014).
Perceptual memory is also impacted by accessibility of emotion
language. Participants remember morphed emotional faces as more
“angry” when they are paired with the word “anger” than when
paired with no word (Halberstadt, 2003, 2005; Halberstadt &
Niedenthal, 2001). Subsequent research suggested that participants
do not simply reconstruct the emotional faces at the time of recall,
but rather they encode the faces in the presence of words as
actually more intense (e.g., more angry). To distinguish perceptual
encoding effects from postprocessing effects, participants’ facial
musculature was measured with EMG while encoding the
morphed faces with differing category information (e.g., emotion
words, personality adjectives, and ideographs from a foreign language). Consistent with the previous demonstrations, participants
indicated a more intense exemplar (more angry) as the target
during recall when encoded with a matching emotion word; moreover, the amount of facial muscle activity in the perceiver’s face
(assumed to be the product of simulation of the emotion word)
during encoding predicted the amount of memory bias. That is,
participants who showed more facial activity congruent with the
stereotype of the emotion label during encoding indicated targets
as containing more of that stereotyped emotion during recall, even
when the category information was not paired with the face at
recall (Halberstadt, Winkielman, Niedenthal, & Dalle, 2009).
More direct evidence for the language-as-context hypothesis
comes from experiments which do not rely on explicit judgments
of emotion. For example, language effects are present in categorical perception studies, in which perceivers are better able to detect
differences among individual emotional faces that are assigned to
separate categories than they are at detecting differences of the
same magnitude from faces assigned to the same category (for a
review, see Fugate, 2013). When perceivers are first placed under
verbal load (which makes activating emotion words nearly impossible), categorical perception for emotional faces is eliminated
(Roberson & Davidoff, 2000; Roberson, Damjanovic, & Pilling,
2007). In addition, human perceivers show categorical perception
for chimpanzee faces (similar to those produced by humans but for
which naïve participants do not readily evoke emotion labels) only
when first learning the categories of faces with labels (Fugate,
Gouzoules, & Barrett, 2010). In that study, participants who
learned the same categories (to the same proficiency), but without
a label, did not show categorical perception. Thus, having previously learned a label was enough to create the enhanced perceptual
ability (Fugate et al., 2010). Perceptual priming of emotional faces
is also impacted by the accessibility of emotion language. When
the meaning of an emotion word is satiated, participants do not
show repetition priming (decreased RTs to recognize a previously
seen stimulus) for emotional faces, suggesting that in the absence
of emotion words the face is seen as a new stimulus (Gendron,
Lindquist, Barsalou, & Barrett, 2012).
Together, the results of all these studies suggest that language
(specifically emotion words) affect emotion judgments, likely at
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various levels of processing. The mechanism by which this occurs,
however, is not fully understood. One account is that emotion
words have their impact via embodiment (Halberstadt, 2003, 2005;
Niedenthal, 2007, 2008). According to an embodied theory of
emotion, words serve to activate multiple emotional “outputs”
(e.g., muscular movement, physiological changes, etc.) emphasized by a particular emotion category. The word leads to simulation (i.e., reenactment) of perceptual, sensory, and behavioral
experiences associated with a category-specific emotion, and these
simulations guide judgments of category membership. In other
variants of embodied emotion, individual instances of affective
and contextual information are encoded and bound together by
emotion words into meaningful categories. Over time such heterogeneous instances can come to represent new categories
(Wilson-Mendenhall, Barrett, Simmons, & Barsalou, 2011;
Barrett, Wilson-Mendenhall, & Barsalou, 2014). Such embodied instances can later be simulated to understand one’s own or
another’s emotion state (Barrett et al., 2014).
In other accounts, words serve to sharpen the visual representations of the stimulus itself (see Lupyan, 2012). In this viewpoint,
language is an effective means of propagating neural activity
because it can activate a distributed representation of related
content that can be assigned in multiple categories depending on
context and goal-relevancy (Lupyan & Clark, 2015). The prediction that emotion judgments should be more difficult when conceptual information is unavailable to the perceiver than when it is
available is consistent with the language-as-context hypothesis.
(see reviews by Barrett et al., 2007; Fugate & Barrett, 2014;
Lindquist & Gendron, 2013; Lindquist, Satpute, & Gendron,
2015). This view is also consistent with those that suggest that
words serve to constrain and highlight possible interpretations of a
visual stimulus (Bar, 2007; Lupyan, 2012; Lupyan & Clark, 2015;
Lupyan & Thompson-Schill, 2012; Lupyan & Ward, 2013;
Kveraga, Ghuman, & Bar, 2007).
The present experiments were designed to test how emotion
words affect perceptual memory judgments and whether emotion
words have a greater effect when the structural information in the
face is limited. Although there are a handful of studies that pair
emotion words with emotional faces (e.g., Halberstadt & Niedenthal, 2001), none prime the face on a trial-by-trial basis to see
how they affect perceptual judgments. Moreover, such studies
typically use faces which represent only two emotion categories,
which differ in valence (or arousal). We use faces from four
emotion categories, each representing a different state of core
affect (pleasure-displeasure; high or low arousal; Russell, 1980;
Russell & Barrett, 1999) to more thoroughly examine the impact of
language across affective space. In addition, the majority of published studies use emotional faces from well-known face sets
which are highly caricatured. We use a newer face set created from
instructing participants to engage in moving their facial muscles in
emotion-defining normative ways, but without explicit reference to
an emotion.

The distractor faces were systematically more and less intense
(with respect to one of the emotions depicted in the target face).
For example, participants saw a morphed target face created from
frowning and smiling faces and were asked to select the same face
from among a relatively more frowning face (less smiling) and a
relatively more smiling (less frowning) face (see Figure 1). If
emotion words affect perceptual memory judgments, then when
primed with an emotion word (compared with a control word),
participants should be more likely to select the distractor face that
was more intense (with respect to the emotion prime).
In Experiment 2, participants indicated in separate trials whether
each distractor face was the target face seen. By separating the
actual target face and distractor faces into different trials, we used
signal detection theory to explore a potential behavioral mechanism of how emotion words affect perceptual memory judgments.
We calculated d= as a standard measure of sensitivity (Macmillan
& Creelman, 1991), and c as a measure of bias based on criterion
shift that is independent of sensitivity (Macmillan & Creelman,
1990, 1991; Stanislaw & Todorov, 1999). We predicted that participants should have decreased sensitivity (d=) to faces when
primed with an emotion word compared with a control word.
Lower d= would suggest that there is greater perceptual overlap in
the categories (target face and distractor faces) when congruent
emotion words are evoked (see Stanislaw & Todorov, 1999).
Although Nook et al. (2015) found that participants had higher d=s
when determining whether an emotion word “fit” a target face

Experiments 1 and 2
In Experiments 1 and 2, we presented emotion words and
control words (in different trials) prior to an ambiguous target face
created from morphing two normative facial depictions of emotion. Participants then saw the target face and two distractor faces.
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Figure 1. Face set morphs used in Experiments 1 and 2
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(face-word trials), this was compared with participants’ sensitivity
to determine whether a second face was the target (face-face
trials). In fact, our current prediction fits nicely with Nook’s
finding that as the visual similarity of emotional faces increases,
participants’ sensitivity for judging whether one face matches
another faces decreases. We also tentatively predicted that emotion
words might change how participants make their decisions. We
predicted that participants would have negative response biases (c)
to distractor faces when primed with a congruent emotion word
compared with a control word. Negative bias represents a greater
use of the “yes” key, meaning that participants become more
liberal in answering “yes.”

Experiment 1
Method
Participants. Thirty-six Boston College undergraduates (8
males, 28 females) between the ages of 18 –22 years participated
for one departmental research credit or for $10. Four participants
identified themselves as “Asian,” two as “Black/African American,” 23 identified themselves as “White/Caucasian,” and five as
“more than one race.” The remaining two participants did not
respond. We did not link demographics to individual participant
identifiers, so it was not possible to separate non-White participants’ data from those of White participants in this Experiment
(but see Experiment 2).
Stimuli. The faces used to create the target morphs were from
a standardized set of facial depictions of emotion created and
maintained by the Interdisciplinary Affective Science Laboratory.1
All faces used in these experiments were Caucasian, but both male
and female faces were used. This face set has been externally
validated and used reliably in several empirical, peer-reviewed
articles. We selected the same four faces (scowling, smiling, relaxed, and frowning) for each of 10 identities (5 male, 5 female).
We selected these particular facial depictions because each is
associated with a discrete emotion category representing a different combination of core affect (scowling, angry: high arousal/
negative; smiling, happy: high arousal/positive; relaxing, calm:
low arousal/positive; frowning, sad: low arousal/negative). Thus,
the selection of these particular faces also allowed us to investigate
specific category priming from more generalized affective priming. We morphed two facial depictions from each identity together
to create six affective face sets (scowling–relaxing, scowling–
frowning, smiling–relaxing, smiling–frowning, frowning–relaxing,
and smiling–scowling). We created five morphs (80%–20%, 70%–
30%, 50%–50%, 30%–70%, and 20%–80%) for each affective
face set for each identity using commercially available software
(FantaMorph).
Twenty-six pilot participants viewed and labeled each morph
(by typing a one-word term) so that we could identify the most
ambiguous morph of the five for each identity for each face set (to
be used as the target face). Two coders corrected misspellings and
typographical errors when the word was reasonably clear and
could not be confused for another term. Both coders then recoded
synonyms to each of the emotion categories (see Russell, 1994).
We defined the most ambiguous morph as the one labeled as both
emotions approximately the same number of times (e.g., “angry”
and “calm” for the scowling–relaxing face set). Thus, we chose the

morphed face that was perceptually ambiguous and not necessarily
structurally ambiguous (50%–50%). For most identities and affective face sets, the most perceptually ambiguous face was the
30%–70% (or 70%–30%) morph (54% of the time). The two
distractor faces in a trial were always the morphs one step greater
and one step less than the target face (e.g., target face: 70%
scowling–30% relaxing; distractor face one: 80% scowling–20%
relaxing; distractor face two: 50% scowling–50% relaxing).2 The
smiling–scowling affective face set was not used in the experiment
because none of the morphs (for the majority of identities) were
identified approximately the same number of times as “happy” and
“angry.”
Procedure. On a given trial, each target face was primed with
two emotion words and a control word (in different trials). The two
emotion words were those that corresponded to the normative
emotions in the target face (e.g., “anger” and “calm” for the
scowling–relaxing face set). The control word was an abstract
concept word, but not an emotion word (e.g., “belief”). On each
trial, a fixation cross appeared centrally on the computer screen for
1,000 ms. Immediately after the cross disappeared, the prime
appeared for 500 ms approximately half way down the computer
screen. Immediately after the prime offset, the ambiguous target
face (3 in. ⫻ 3 in.) appeared in the middle of the computer screen
for 1,000 ms. Finally, immediately following the target face offset,
three choice faces (the target face and two distractor faces) appeared slightly lower than center on the computer screen (each 3
in. ⫻ 3 in.). Each answer face had a number “1,” “2,” or “3”
underneath the image. The order of the three faces was counterbalanced across trials. The three faces remained on the screen until
participants provided a response (see Figure 2). Participants kept
the first three fingers of their dominant hand on the numbered keys
at all times. We did not direct participants to the primes in any
way, except that we asked them to look at the screen at all times.
There were a total of 150 experimental trials presented randomly
in a single session. We collected accuracy and reaction time (RT)
data on each trial.

Results
Calculation of bias scores. Overall, participants selected the
correct target face 47.5% of the time. For each participant, we
coded each key press into a “bias score” for each target face. If
participants selected the more intense distractor face with respect
to the emotion word, we coded the response as ⫹1 (e.g., the
participant was primed with “anger” and selected the more scowling distractor face). If participants selected the less intense distractor face with respect to the emotion word prime “anger,” we coded
the response as ⫺1 (e.g., the participant selected the less scowling
1
Development of the Interdisciplinary Affective Science Laboratory
(IASLab) Face Set was supported by the National Institutes of Health
Director’s Pioneer Award (DP1OD003312) to Lisa Feldman Barrett. Gendron, M., Lindquist, K. A., & Barrett, L. F. (unpublished data). Ratings of
IASLab facial expression stimuli available through http://www.affectivescience.org/ Participants gave explicit consent to be photographed and their
likness reproduced.
2
For trials in which the target face was the 30%–70% and 20%– 80%
morph, the physical distance between the correct and incorrect faces was
unequal (always 10% and 20%, respectively). For trials in which the target
face was the 50%–50% morph, however, the physical distance between all
three faces was equal.
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Figure 2. Procedure for Experiment 1

face). If participants selected the correct target face on a trial, we
coded the key press as 0 (no bias). In the trials primed with a
control word, we coded the selection of a distractor face for each
of the two emotions to which the trial served as a control. For
example, when a smiling–scowling face was primed with a control
word, a selection of a more smiling face was coded as ⫹1 to
compare with the answer selected when this trial was primed with
the emotion word “happy,” and as a ⫺1 to compare with the
answer selected when this trial was primed with the emotion word
“anger.”
Analyses. We report the analyses for bias score and reaction
time separately.
Bias score. We first checked for significant main effects of
target face identity and individual face set. There were no main
effects for target face identity or face set, so we aggregated across
both prior to analysis. Although not necessarily anticipated, we
found a main effect of emotion category (angry, sad, happy, and
calm). Therefore, to test our hypothesis about the effect of words,
we also retained emotion category as a factor in our analysis. We
used a two factor repeated measures analysis of variance
(rmANOVA). Factor 1 was the word type (emotion vs. control
word). Factor 2 was emotion category. Overall, we found a main
effect of word type: F(1, 35) ⫽ 3.520, p ⬍ .05; Power ⫽ 0.742;
p2 ⫽ 0.091; a main effect of individual emotion category: F(3,
105) ⫽ 29.209, p ⬍ .001; Power ⫽ 1.000; p2 ⫽ 0.455. Moreover,
there was a significant interaction: F(3, 105) ⫽ 2.913, p ⬍ .05;
Power ⫽ 0.963; p2 ⫽ 0.077. Because there was no limit to respond
to trials, we checked whether the pattern of data changed when
participants who responded more than three SDs outside the average range of RTs were removed from analyses, as is standard for
similar types of studies (e.g., Adams & Kleck, 2003). No differences were found in the data when these participants (n ⫽ 3) were
removed. Therefore, we kept all 36 participants in for the rest of
the analyses.
To follow up the interaction, we performed separate pairedsample t tests between emotion and control words for each emotion category. For all four emotion categories, participants had
larger, positive biases when primed with an emotion word. For the
majority of emotion categories, this positive bias was caused by
participants selecting the more intense face when primed with the
congruent emotion word, but also selecting the less intense face
when primed with the control word. The biases produced between
emotion and control words were not significant for all emotion

categories, however (see Table 1 for means and standard deviations). Because we were interested in the overall effect of emotion
words (compared with control words) we optimized our paradigm
for this analysis. We include Table 1 simply for those readers who
are interested in the effects by emotion category, although we
caution against drawing conclusions at the level of an individual
emotion category.
Our data show that emotion words affected perceptual memory
judgments by creating biases toward the more intense distractor
face (with respect to the emotion prime). We view these findings
as a necessary first step to understanding the effect of emotion
words on emotion judgments.
Reaction times. We also performed a similar set of analyses
using participants’ RTs. We did not find any significant main
effects or a significant interaction. Thus, the speed with which
participants made perceptual memory judgments was the same
regardless of the type of word prime and emotion category. We
interpret this to mean that participants’ biases were not the result
of a speed–accuracy trade-off.

Experiment 2
The purpose of Experiment 2 was to better understand the nature
of the biases that emotion words created in Experiment 1. We
wanted to see whether the biases produced in Experiment 1 could
be attributed to participants’ decreased sensitivity to discriminate
between target and distractor, and/or changing the criteria to respond. In this experiment, we presented the target face and the two
distractor faces in separate trials rather than as an array. This

Table 1
Mean Differences on Bias Scores, Confidence Intervals, Effect
Sizes, and Statistical Power (Achieved Post Hoc) Between
Emotion Words and Control Words in Experiment 1
Category
Angry
Happy
Sad
Calm
ⴱ

Difference,
M (SD)
ⴱ

.167 (.343)
.043 (.263)
.069 (.334)
.065 (.340)

Confidence intervals

Effect size dz

Power

[.051, .283]
[⫺.046, .132]
[⫺.044, .181]
[⫺.050, .180]

.486
.164
.207
.191

.889
.247
.334
.302

significantly different, p ⬍ .05, based on dependent t tests.
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Figure 3. Procedure for Experiment 2

change allowed us to look at participants’ likelihood to accept or
reject both the more and less intense distractor faces (rather than
just which of the two was selected). It also allowed us to use signal
detection theory to determine whether emotion words changed
participants’ sensitivity and bias, thereby informing us of a potential mechanism for emotion words’ effect on perceptual memory
judgments of emotion.

Method
Participants. Thirty-six Boston College undergraduates (12
males, 24 females) between the ages of 18 –22 years participated
for one departmental research credit or for $10. Three participants
identified themselves as “Asian,” five as “Black/African American,” 25 as “White/Caucasian,” and three as “more than one race.”
In this study, we kept race at an individual identifier so it was
possible to separate “White” from “non-White” responders in the
analysis (see below).
Stimuli. Half of the stimuli used in Experiments 1 and 2 were
used as target faces in this experiment. Instead of 10 identities, we
used two male and two female faces to limit the number of trials
(see procedure).
Procedure. We followed the same procedure as in Experiment 1, with the exception that the each of the three answer faces
(the target face and the two distractor faces) was shown in separate
trials. All other aspects of the study remained the same to those in
Experiment 1, with the additional exception that we added a static
mask for 1,000 ms to disrupt the processing of the initial image,
and both the initial and answer faces were presented larger (approximately 4 in ⫻ 4 in) and in the middle of the screen (see
Figure 3). There were a total of 180 experimental trials presented
randomly in a single session. Participants were instructed to press
the “1” key if the answer face was the same as the target face and
the “2” key if it was a different face. There was no time limit to
respond.

Results
Coding of false alarms and missed detections. Overall, participants answered correctly 33.3% of the time, thus ensuring
that the task was difficult enough to prevent ceiling effects and
provide somewhat nonoverlapping distributions of target and
distractor faces. We first coded all correct answers with a 0 and

all incorrect answers with a 1. Participants were incorrect if
they answered “no” to the answer face when it was the target
face (e.g., missed detection) or answered “yes” to the answer
face when it was a distractor face (e.g., a false alarm). Participants were correct if they answered “yes” when the answer
face was the target (e.g., correct detection) or answered “no” to
the answer face when it was a distractor face (e.g., correct
rejection). Second, we used a full signal detection theory (SDT)
analysis to calculate sensitivity (d=) and bias (c) to assess how
emotion words affected the judgments.
Analysis 1—Incorrect responses. The majority of incorrect
responses in our paradigm were false alarms (M ⫽ 67.2%; SE ⫽
2.4%), with relatively few missed detections. Therefore, we analyzed only false alarms for which we had sufficient data. To do so,
we performed a three-factor rmANOVA, with word type (emotion
vs. control words), emotion category, and face strength (more
intense distractor and less intense distractor) as factors. We found
a main effect for word type: F(1, 35) ⫽ 8.374, p ⬍ .001; Power ⫽
0.981; p2 ⫽ 0.193, and emotion category: F(3, 105) ⫽ 11.781, p ⬍
.001; Power ⫽ 0.999; p2 ⫽ 0.252. Moreover, there was one
significant two-way interaction between emotion category and
face strength: F(3, 105) ⫽ 38.761, p ⬍ .001; Power ⫽ 1.00, p2 ⫽
0.525, and one marginally significant two-way interaction between
word type and face strength: F(1, 35) ⫽ 3.337, p ⬍ .10; Power ⫽
0.982; p2 ⫽ 0.087. When we removed the 10 “non-White” participants’ data and reran the analysis, all effects were the same.
Therefore, we did not treat “non-White” and “White” participants’
data differently in the rest of the analyses reported. We also
checked whether any participant responded outside the normal
range of RTs, as we did in Experiment 1. Only one participant’s
overall RT qualified them as an outlier (⬎3 SDs). When we
removed this participant to make sure his or her data did not affect
the overall pattern of results, no differences in the data were found.
Therefore, we kept this participant’s data in for the rest of the
analyses.
To follow up the interaction, while preserving word type (central to our hypothesis), we analyzed each emotion category separately. For all emotion categories, participants made more false
alarms when primed with an emotion word compared with a
control word. They also made more false alarms to the distractor
face that was more intense (with respect to the emotion prime; see
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Table 2
Mean Differences on Bias Scores, Confidence Intervals, Effect
Sizes, and Statistical Power (Achieved Post Hoc) Between
Emotion Words and Control Words to More Intense and Less
Intense Distractor Faces in Experiment 2
Difference,
M (SD)
Confidence intervals Effect size dz Power
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Category
More intense
Angry
Happy
Sad
Calm
Less intense
Angry
Happy
Sad
Calm
ⴱ

.094 (.228)ⴱ
.097 (.248)ⴱ
.026 (.171)
.072 (.158)ⴱ

[.017, .171]
[.013, .181]
[⫺.325, .083]
[.018, .125]

.412
.391
.152
.455

.782
.744
.227
.850

.024 (.223)
.007 (.194)
.039 (.160)
.069 (.177)ⴱ

[⫺.051, .100]
[⫺.059, .072]
[⫺.015, .093]
[.010, .129]

.108
.036
.244
.390

.156
.076
.417
.742

significantly different, p ⬍ .05, based on dependent t tests.

Table 2 for Ms and SDs).3 Not all interactions between face
strength and word type were significant when separated by emotion category, however. We include Table 2 for those interested in
the breakdown of results by emotion category for the more and less
intense faces.
Analysis 2—Signal detection theory (SDT). For our SDT
analyses, we calculated both d= (as a measure of sensitivity) and c
(as a measure of bias, independent of sensitivity; Macmillan &
Creelman, 1990, 1991; Stanislaw & Todorov, 1999). d= measures
the distance between the mean of the signal distributions and the
mean of the noise distribution in standard deviation units. A value
of 0 indicates an inability to distinguish signal from noise; the
larger the value the greater the ability to distinguish between signal
and noise (see Stanislaw & Todorov, 1999). Although ␤ has
historically been the most common measure of response bias, most
investigators now prefer to use c which assumes that participants
respond “yes” when the decision variable exceeds the criterion and
“no” when it does not. Therefore, responses are based directly on
the decision variable rather than a likelihood ratio (Richardson,
1994; cf. Stanislaw & Todorov, 1999, p. 140). c is also not affected
by changes in d=, as ␤ typically is affected. c is defined as the
difference between the criterion and the neutral point where neither response is favored. Negative values of c signify a bias toward
responding “yes” (the criterion lies to the left of the neutral point),
whereas positive values signify a bias toward the “no” response
(the criterion lies to the right of the neutral point; cf. Stanislaw &
Todorov, 1999, p. 140). We used the following formulas for
calculating d= and c (Macmillan & Creelman, 1990, 1991; Stanislaw & Todorov, 1999):
d' ⫽ norminv (hit) ⫺ norminv (false alarm)
c ⫽ ⫺ [norminv (hit) ⫹ Norminv (false alarm)] ⁄ 2
d= analyses. We now performed a three-factor rmANOVA on
d=. We found a main effect of word type: F(1, 35) ⫽ 30.208, p ⬍
.001; Power ⫽ 1.00; p2 ⫽ 0.463, as well as main effects for
emotion category and face strength: F(3, 105) ⫽ 13.319, p ⬍ .001;
Power ⫽ 0.999; p2 ⫽ 0.276 and F(1, 35) ⫽ 8.284, p ⬍ .01;
Power ⫽ 0.980; p2 ⫽ 0.191, respectively. Moreover, we found
significant effects for all two-way interactions,4 and a significant
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three-way interaction: F(3, 105) ⫽ 2.976, p ⬍ .05; Power ⫽ 0.999;
p2 ⫽ .078.
Despite the three-way interaction, we found that the effects of
word type were similar for all four emotion categories. Therefore
we aggregated across emotion category to simplify the interaction
above. We found that both word type and face strength produced
significant main effects: F(1, 35) ⫽ 30.208, p ⬍ .001, Power ⫽
1.000; p2 ⫽ 0.463, and F(1, 35) ⫽ 8.284, p ⬍ .01, Power ⫽ 0.980;
p2 ⫽ 0.191, respectively. Moreover, the interaction between word
type and face strength was significant: F(1, 35) ⫽ 11.002, p ⬍ .01;
Power ⫽ .897; p2 ⫽ 0.239. Despite the interaction, participants
had less sensitivity (lower d=) on both types of distractor faces
when primed with an emotion word compared with a control word,
t(36) ⫽ ⫺6.428, p ⬍ .001 (more intense with respect to the
emotion prime) and t(36) ⫽ ⫺2.675, p ⫽ .01 (less intense with
respect to the emotion prime; see Table 3 for Ms and SDs). We
include Table 3 for those interested in the breakdown of results by
emotion category for the more and less intense faces.
Overall, emotion words (compared with control words) lowered
sensitivity between a more intense distractor and a target, as well
as between a less intense distractor and a target. We interpret this
to mean that emotion words decreased the distance between the
peaks of the target and distractor category distributions (i.e., there
is more overlap of the distributions in the presence of emotion
words). Therefore, participants’ biases in Experiment 1 were not
due to the fact that they were simply matching the most intense
face to the emotion word (i.e., a response bias). If this had been the
case, we would have expected participants to show lowered d=
between the target and more intense face only. We maintain,
however, that ordering the faces and selecting the face that was
most like the emotion word would have been difficult to do in this
experiment because the faces were shown separately. Experiment
3 addresses this issue ever further to show that the effects are more
than response biases.
c analyses. Although sensitivity to both types of distractor
faces was decreased in the presence of emotion words (compared
with control words), we next wanted to assess whether there was
also a shift in response bias, independent of sensitivity. To this
end, we performed the same three-factor rmANOVA as above, but
now on c. We found main effects of word type and emotion
category: F(1, 35) ⫽ 15.254, p ⬍ .001; Power ⫽ 1.00; p2 ⫽ 0.304,
and F(3, 105) ⫽ 4.747, p ⬍ .01; Power ⫽ 0.961; p2 ⫽ 0.119,
respectively. Moreover, we found one significant two-way inter-

3
Main effects for word type for each emotion category “angry”: F(1,
35) ⫽ 4.074, p ⫽ .05; Power ⫽ 0.501; 2p ⫽ 0.104; ”happy”: F(1, 35) ⫽
3.514, p ⬍ .05; Power ⫽ .446, 2p ⫽ 0.091; “calm”: F(1, 35) ⫽ 10.220, p ⬍
.01; Power ⫽ 0.875; 2p ⫽ 0.226; and “sad”: F(1, 35) ⫽ 2.556, p ⬍ .10;
Power ⫽ 0.343; 2p ⫽ 0.068. Main effects for face strength for each
emotion category “angry”: F(1, 35) ⫽ 34.737, p ⬍ .001; Power ⫽ 1.0;
2p ⫽ 0.498); “happy”: F(1, 35) ⫽ 35.309, p ⬍ .001; Power ⫽ 1.0; 2p ⫽
0.502; “calm”: F(1, 35) ⫽ 65.500, p ⬍ .001; Power ⫽ 1.0; 2p ⫽ 0.652;
“sad”: F(1, 35) ⫽ 14.646, p ⬍ .001; Power ⫽ 0.961; 2p ⫽ 0.296.
4
Significant two-way interactions are as follows: wordtype ⴱ face
strength: F(1, 35) ⫽ 11.002, p ⬍ .01, Power ⫽ 0.897; 2p ⫽ .239; word
type ⴱ emotion category: F(3, 105) ⫽ 22.154, p ⬍ .001, Power ⫽ 1.0, 2p ⫽
.388; emotion category ⴱ face strength: F(3, 105) ⫽ 15.965, p ⬍ .001,
Power ⫽ 1.0, 2p ⫽ .313.
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action5 and a significant three-way interaction: F(3, 105) ⫽ 4.851,
p ⬍ .01; Power ⫽ 1.00; p2 ⫽ .122.
To keep the follow-up analyses consistent with those for d=, we
next aggregated over emotion category to simplify the interaction.
We found only a significant main effect for word prime: F(1,
35) ⫽ 15.254, p ⬍ .001; Power ⫽ 1.00; p2 ⫽ 0.304. The effect of
face strength and the interaction were not significant. We found
that the effects of word type were similar for all four categories,
although only three reached statistical significance (with the fourth
being marginally significant). Participants had more “yes” responses when primed with an emotion compared with a control
word (see Table 4 for Ms and SDs). We include Table 4 for those
who are interested in seeing the results by emotion category for the
more and less intense faces.
Analysis summary. Overall, the results show that emotion
words (compared with control words) caused participants to make
more false alarms, especially to distractor faces which were more
intense (with respect to the emotion prime). Using signal detection
theory, however, we find that participants’ sensitivity was lowered
for both distractor faces under these conditions. Emotion words
also change participants’ response bias (c) to include more “yes”
responses. Thus, participants were more liberal in the use of the
“yes” key when they saw an emotion word. Interesting, however,
this shift in strategy is independent of the decrease to discriminate
(sensitivity). Therefore, emotion words cause people to become
less sensitive to the changes in distracting emotional content and
also change their response bias to include more “yes” responses.

Experiment 3
In Experiment 3, we explored the possibility that emotion words
have more of an effect on perceptual memory judgments when
access to structural information in the face is limited, consistent
with both the language-as-context hypothesis and the idea that
words affect perceptual encoding. We also further addressed the
possibility that the biases found in the previous two experiments
reflected shifts in response selection rather than a perceptual
phenomenon. To address both things, we made three methodological modifications in Experiment 3.

Table 3
Mean Differences for d’, Confidence Intervals, Effects Sizes, and
Statistical Power (Achieved Post Hoc) Between Emotion Words
and Control Words to More Intense and Less Intense Distractor
Faces in Experiment 2
Category
More intense
Angry
Happy
Sad
Calm
Less intense
Angry
Happy
Sad
Calm
ⴱ

Difference,
M (SD)

Confidence intervals Effect size dz Power

⫺0.575 (1.45)
⫺0.318 (1.80)
⫺2.804 (2.68)ⴱ
⫺0.274 (0.98)ⴱ

[⫺0.789, 0.187]
[⫺0.927, 0.624]
[⫺3.709, ⫺1.899]
[⫺0.606, 0.574]

.398
.177
1.05
.280

.756
.274
.999
.500

⫺0.302 (1.44)
0.124 (1.48)
⫺1.226 (1.88)ⴱ
⫺0.258 (1.39)

[⫺0.790, 0.187]
[⫺0.377, 0.624]
[⫺1.863, ⫺0.589]
[⫺0.727, 0.211]

.209
.083
.652
.186

.340
.124
.987
.291

significantly different, p ⬍ .05, based on dependent t tests.

Table 4
Mean Differences for C (Bias), Confidence Intervals, Effect
Sizes, and Statistical Power (Achieved Post Hoc) Between
Emotion Words and Control Words to More Intense and Less
Intense Distractor Faces in Experiment 2
Category
More intense
Angry
Happy
Sad
Calm
Less intense
Angry
Happy
Sad
Calm
ⴱ

Difference,
M (SD)

Confidence
intervals

Effect size
dz

Power

⫺0.279 (0.802)ⴱ
⫺0.279 (0.772)ⴱ
⫺0.017 (0.683)
⫺0.328 (0.560)ⴱ

[⫺.550,⫺.007]
[⫺.540, ⫺.018]
[⫺.248, .214]
[⫺.518,⫺.139]

.348
.362
.025
.587

.656
.685
.068
.965

⫺0.142 (0.690)
⫺0.058 (0.660)
⫺0.508 (1.04)ⴱ
⫺0.321 (0.576)ⴱ

[⫺.376, .913]
[⫺.281, .165]
[⫺.861,⫺.155]
[⫺.516, ⫺.182]

.206
.088
.488
.557

.333
.130
.890
.948

significantly different, p ⬍ .05, based on dependent t tests.

First, we varied the presentation time of the target face: participants saw a target (unmorphed) emotional face for either 50 ms or
100 ms. We predicted that at shorter time intervals, when the
structural information is limited, participants should have larger
biases toward the chosen emotion word. If the word did not affect
the encoding of the face but merely response bias, we predicted
that there should be no difference based on how long the face was
seen.
Second, we manipulated the relative congruency (based on
valence or arousal) between faces and emotion word labels. Instead of supplying emotion and control words as primes, we now
had participants choose an emotion word that was either partially
or fully congruent with the face, prior to completing the same
perceptual memory task as in Experiment 1. In some blocks one
emotion word was only partially congruent with the target face; in
another blocks, the emotion word was fully congruent with the
target face (see Figure 4). By manipulating the emotion words to
be fully or partially congruent with the faces in some blocks, we
could further rule out that the biases we previously found reflected
changes in response selection rather than encoding. We predicted
the smallest biases in the fully congruent blocks. Although we
predicted that the partially congruent blocks would produce larger
biases than the fully congruent block, we did not have an a priori
prediction about which (arousal-congruent or valence-congruent)
would produce larger perceptual biases. Thus, we could also assess
whether emotion word labels that matched faces (normatively) on
arousal or valence were more effective in creating perceptual
memory biases. Third, we had participants actively choose the best
emotion word after the presentation of the target face (rather than
passively view them before the target face, as in Experiment 1 and
2). By having participants choose an emotion word as a label, we
ensured that participants were attending to the relevancy of the
word and applying the words to the face.

5
Significant two-way interaction is as follows: emotion category ⴱ face
strength: F(3, 105) ⫽ 31.307, p ⬍ .001, Power ⫽ 1.00, 2p ⫽ .472.
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Figure 4. Procedure for Experiment 3

Method
Participants. Fifty participants recruited at Northeastern University (28 Male, 22 Female) between the ages of 18 – 45 years
participated for one departmental research credit or $10 payment.
Two participants’ data were removed because they did not complete the experimental task. One additional participant’s data was
removed because they did not render any responses to the labeling
task. Thirty-one participants identified as “White/Caucasian,” 10
as “Asian,” six as “African American/Black,” and three as “more
than one race.” We did not link demographics to individual participant identifiers, so it was not possible to separate non-White
participants’ data from those of White participants in this Experiment.
Stimuli. The target faces were eight identities (4M and 4F)
from the IASL face set used in Experiments 1 and 2. We used four
emotional faces for each identity: frowning, smiling, relaxing, and
scowling. In all blocks described next, one emotion word was fully
incongruent to the target face on both arousal and valence. In the
fully congruent emotion label block (CL), the other emotion word
exactly matched the target face (normatively). The distractor faces
were created from blending systemically (morphing) the target
face with the face identity of the incongruent emotion word. For
example, for a smiling target face in the CL block, the emotion
words from which to choose were “happy” and “sad.” The distractor faces were then incremental morphs of smiling–frowning
faces. The same smiling target face in the partially congruent on
arousal block (AL) would be paired with the emotion words “sad”
and “anger” (“anger” shares high arousal with happiness depicted
in a smiling face). The distractor faces were then incremental
morphs of smiling–scowling faces. For the same target face in the
partially congruent on valence block (VL), the emotion words
were “sad” and “calm” (“calm” shares positive valence with happiness depicted in a smiling face). The distractor faces were then
incremental morphs of frowning–relaxing. Table 5 shows the
conditions in detail.6 In total, we created six morphed sets for each
identity’s smiling, frowning, scowling, and relaxing face (e.g.,
smiling–frowning, scowling–relaxing). All faces were presented at
151 ⫻ 227 pixels on the center of the computer screen.
Procedure. On each trial, participants first saw a central fixation cross presented on the computer screen for 1,000 ms. We

next presented participants with an original, unmorphed emotional
face (scowling, frowning, relaxing, and happy) for 50 ms and 100
ms, in separate trials. Immediately after the target face, we presented a mask so that the total time between the target and
presentation of emotion word labels was always 1,000 ms. Concurrent with the face, two emotion words appeared on either side
of a monitor and participants were asked to choose the best
emotion word to label the face by pressing one of two keys.
Participants could respond any time after the face initially appeared on screen until 2,500 ms total had elapsed (see Figure 4).
We instructed participants to consider both words but to indicate
their decision as fast as possible. We randomized which word
appeared on the right and the left of the screen across trials.
Following the response period, we presented a blank screen for
2,000 ms. Finally, we presented the perceptual array of four faces:
the target face and the three distractor faces (identical to the
procedure in Experiment 1 except that we used three distractor
faces and the target face in the array). The four faces’ positions
were randomized across trials. Each face appeared with a number
underneath it (1, 2, 3, 4). Participants pressed the number that
indicated which face was the target face. There was no time limit
to indicate which face was the target face. There were 96 experimental trials in four blocks described above. All trials of a given
type were presented within a block, and the blocks were presented
in a randomized order (in a single session) across participants. We
collected response choice and RT data for both the emotion word
that was chosen as the label and the actual perceptual judgment on
each trial.

Results
Calculation of bias scores. We removed participants’ responses to the perceptual matching judgment that were less than
250 ms and greater than 10,000 ms (decreasing the number of trials
submitted for analysis by 3.53%). As in Experiment 1, we calculated a bias score for each judgment based on whether participants
6
In a fourth trial type, participants completed the same task without
assigning an emotion word after the presentation of the target face. These
trials were not included in analysis for this paper, as they did not involve
the presence of emotion words.
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Table 5
Combination of Emotion Words for Each Emotion
Happy

Sad

Calm

Congruent

Incongruent

Congruent

Incongruent

Congruent

Incongruent

Congruent

Incongruent

Category congruent (CL)
Arousal congruent (AL)
Valence congruent (VL)

Angry
Happy
Sad

Calm

Happy
Angry
Calm

Sad

Sad
Calm
Angry

Happy

Calm
Sad
Happy

Angry

selected the correct target face or one of the three morphed
distractors. If a participant selected the correct face (target), we
scored their answer as a 0 (no bias). If the participant selected the
distractor face with the least emotional content of the incongruent
emotion word (70% target emotion-30% incongruent emotion), we
scored their answer as 1 (i.e., a weak bias toward the congruent/
partially congruent emotion word). If participants selected the
distractor face with the most emotional content of the incongruent
emotion word (30% target emotion ⫺70% incongruent emotion)
we scored their answer as 3 (i.e., a maximal bias toward the
congruent/partially congruent emotion word). Finally, when participants selected the 50%-50% morph, we scored their answer was
scored as a 2 (i.e., moderate bias).
Perceptual memory bias on “correctly” labeled faces. We
analyzed only the trials in which participants chose the congruent
(CL) or partially congruent matching word (AL or VL). Participants rarely chose the fully incongruent label for CL and VL trials.
First, we performed a two-factor rmANOVA using choice type
(AL, VL, CL), and presentation time of target face (50 vs. 100 ms)
as the within subject factors. We found main effects for choice
type: F(2, 78) ⫽ 29.065, p ⬍ .001; Power ⫽ 1.00; p2 ⫽ .427,
presentation time of the target face: F(1, 39) ⫽ 7.783, p ⬍ .001;
Power ⫽ 0.973; p2 ⫽ 0.166. There was no significant interaction.
Participants had larger biases at the shorter stimulus duration (M ⫽
1.218, SE ⫽ 0.035) compared with the longer durations (M ⫽
1.104, SE ⫽ 0.050). Participants had larger biases to the valencecongruent blocks (M ⫽ 1.347, SE ⫽ 0.041) compared with the
arousal congruent blocks (M ⫽ 1.250, SE ⫽ 0.072) and the fully
congruent blocks (M ⫽ 0.888, SE ⫽ 0.039). Pairwise comparisons

showed that VL and AL trials produced larger biases than the CL
condition, consistent with predictions, p ⬍ .05 for both (see Figure
5). We also performed a one-factor rmANOVA using face type
(relaxed, smiling, frowning and scowling) as the within subjects
factor. This analysis was conducted separately due to missing data
(i.e., insufficient endorsement of the arousal congruent label) for
the AL condition across face types. This analysis revealed a main
effect of face type: F(3, 135) ⫽ 13.703, p ⬍ .001; Power ⫽ .999;
p2 ⫽ 0.233. Additionally, participants had the strongest bias to
relaxed (M ⫽ 1.260, SD ⫽ 0.044), followed by frowning (M ⫽
1.051, SD ⫽ 0.050), scowling (M ⫽ 0.971, SD ⫽ 0.055), and
finally smiling faces (M ⫽ 0.964, SD ⫽ 0.050). Pairwise comparisons showed that relaxed faces differed from all other faces, p ⬍
.01. Overall, the results suggest that when exposure to the target is
short, participants are more biased by the emotion words applied.
Specifically, when participants are asked to choose among emotion
words which are congruent on valence (VL) and arousal (AL), they
are more biased by the emotion word. Finally, some categories of
emotion (namely, relaxed faces portraying calm) produce larger
biases than others, as was the case in all three experiments.
Analysis summary. Our results indicate participants are more
affected by emotion words when encoding of the face is limited by
time constraints. This suggests that the less time the perceiver has
to access the structural information (prior to the onset of the
choices), the more effect words have on perceptual memory judgments, consistent with the language-as-context hypothesis. In addition, our results indicate that perceptual memory judgments are
most affected when the emotion words are congruent on valence
(rather than fully congruent, for which we would not expect labels

Results Experiment 3
Perceptual Bias Plotted by Label Choice and Stimulus Presentation
Time

Bias (0-3)
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Figure 5. Bias results for Experiment 3
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to produce a biasing result). Together, our results support our
central hypothesis that when encoding of the structural information
in the face is limited, emotion words have more effect on perceptual memory judgments. The findings are also consistent with the
idea that emotion words can affect the perceptual encoding of the
stimulus rather than only response selection.
Reaction times on perceptual memory judgments. As in
previous experiments, there was no significant main effect of
choice type, but a marginal main effect of timing: F(1, 39) ⫽
3.413, p ⫽ .072; Power ⫽ .730; p2 ⫽ 0.080. There was was no
interaction between the two. These results suggest that RTs increased only marginally to complete the task when the presentation
timing of the initial stimulus was shorter (50 ms). Given that this
effect was only marginal, the biases observed were unlikely to be
due to participants performing the task more or less quickly in
some conditions.

General Discussion
For many years, psychology has assumed that emotion perception is a largely bottom-up process that is driven by the information provided in the face of a target person. Structural views
suggest that the information in another person’s face supplies all
the necessary structural information to arrive at a discrete emotion
category judgment (e.g., Ekman, 1972, 1992; Ekman & Cordaro,
2011; Izard, 1971, 1994; Matsumoto et al., 2008; Tomkins, 1962,
1963). According to these views, language is either independent to
emotion perception (e.g., Brosch et al., 2010; Sauter et al., 2011)
or serves to simply label preexisting categories (i.e., innate categories sediment out into language; Scherer, 2000). More recently,
evidence has begun to accumulate that there are significant
perceiver-based influences that affect perceptual judgments. Specifically the language-as-context hypothesis suggests that emotion
perception should be more difficult when conceptual information
is unavailable, or limited, than when it is available (see reviews by
Barrett et al., 2007; Fugate & Barrett, 2014; Lindquist & Gendron,
2013; Lindquist et al., 2015). This view is also consistent with
those which suggest that words serve to constrain and highlight
possible interpretations of a visual stimulus (Lupyan, 2012;
Lupyan & Clark, 2015; Lupyan & Thompson-Schill, 2012;
Lupyan & Ward, 2013; Bar, 2007; Kveraga et al., 2007). The
studies presented here explore how emotion words serve as one of
these influences.
In two different types of perceptual memory tasks, we showed
that emotion words (compared with control words) affected participants’ abilities to match and determine which emotional face
was recently seen. Specifically, participants primed with an emotion word (compared with a control word) selected (Experiment 1)
and accepted (Experiment 2) a more intense emotional distractor
face as the target. Specifically, participants primed with emotion
words (compared with control words) showed decreased sensitivity (d=) and more of a bias toward the “yes” key (c) for both
distractor faces. Therefore, in the presence of emotion words,
participants had difficultly discriminating between targets and
distractors because emotion words reduced the perceptual distance
between the target category and the distractor category. In addition, participants adjusted their responding in the presence of
emotion words by using the “yes” key more, consistent with the
fact that they made more false alarms.
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In Experiment 3, we varied the timing of target face presentations while also requiring that participants label the face with an
emotion word (rather than having emotion words serve as a prime).
In some of the blocks, the emotion words were only partially
congruent with the target face. Participants in Experiment 3 then
performed the same perceptual memory task as in Experiment 1.
Participants showed larger biases (i.e., choosing a more intense
distractor face which matched the emotion word) when the target
face was shown for the shorter of two times and when the emotion
word was partially congruent with the target face. This suggests
that when the structural information in the face is limited, people
rely more on conceptual information to “fill in” the information,
consistent with the language-as-context hypothesis. Said another
way, the less structural information is available, the more language
as a top-down source of information is important. Moreover,
emotion words which were congruent on valence and arousal were
more effective in changing perceptual judgments than those which
were fully congruent. That is, participants “note” the relevancy of
the word to the face in creating the perceptual biases. These results
cast doubt (although cannot completely eliminate) that in the early
experiments here (as well as in the literature, more broadly),
emotion words are impacting only response selection, because our
results were sensitive to the type of word and the degree of
stimulus-driven information. In addition, the change in sensitivity
(in addition to response bias) in Experiment 2 suggests that our
effects are more than just differences in response selection.
Distinguishing effects of stimuli at the time of encoding from
those that happen later in processing (i.e., post-processing, memory biases) is controversial and difficult to discern empirically (see
Schyns, Goldstone, & Thibaut, 1998). In fact, the El Greco debate
has recently recaptured this controversy (Firestone & Scholl, 2014,
2015). Specifically, how much of reported effects of top-down
knowledge (including language) are truly effects on perception, or
are they actually memory biases or response judgments? The El
Greco effect comes from the idea that if these purported effects are
perceptual in nature then they should be replicated in judgment
(i.e., they would cancel each other out). Effects which remain at
judgment would have to be post-processing effects. Interpreting
any such effects as anything but after-the-fact has therefore become known as the “El Greco Fallacy” (see Firestone, 2013;
Firestone & Scholl, 2014, 2015). The fact that several well-known
studies which argue for top-down effects at encoding only occur
when participants suspect the manipulation suggests that the effects must be due to response biases (Firestone & Scholl, 2014; see
also Baker & Levin, 2016). Although our data do not address this
debate head-on, we do show that when participants’ exposure to a
face is limited (Experiment 3), their bias is affected by the relationship of the word to the face. Therefore, the results are consistent with the idea that emotion words are affecting encoding
processes rather than a simple response-bias.

Mechanisms of Language-as-Context
Clearly, from the results of the studies presented herein and
others, emotion words are contributing to emotion perception at
many levels. Studies of object perception (outside the emotion
domain) can shed more light on the ways that perceiver-based
influences might affect perceptual processing of stimuli. One
model, proposed by Bar and colleagues, suggests that the orbito-
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frontal cortex (OFC), a multimodal brain region in the prefrontal
cortex, helps integrate low spatial frequency information from the
dorsal stream with top-down conceptual knowledge coming from
other parts of cortex (Bar, 2003; Kveraga et al., 2007). The OFC
is connected to many parts of the prefrontal cortex, including the
inferior frontal gyrus which is important for semantic processing
(e.g., Gitelman, Nobre, Sonty, Parrish, & Mesulam, 2005; for a
review, see Binder, Desai, Graves, & Conant, 2009). Through such
connections, language might affect how an object is seen or even
whether an object is seen at all. A recent electroencephalography
study suggests that one way in which language can affect visual
perception of faces is by altering the N170 in posterior regions of
the left hemisphere, likely through the ventral visual stream (Landau, Aziz-Zadeh, & Ivry, 2010). In addition, the P1 component is
affected by learning a label for a category, in which the label is
enough to induce CP for novel visual stimuli (Maier, Glage,
Hohlfeld, & Abdel Rahman, 2014). In that study, adding more rich
semantic content did not additionally contribute to the P1 effects of
the word but did have separate effects at later stages of processing,
including P2. The results are also consistent with the results of
other ERP studies which show that the P1 component represents
sustained visual activation that already includes several iterations
of feedback from other cortical areas, as opposed to just feedforward processing (Foxe & Simpson, 2002).
These findings are in agreement with several studies that used
different methods to demonstrate the impact of emotion words as
a form of top-down context, adding to information given by the
structural aspects of an emotional face (e.g., Barrett et al., 2007;
Fugate et al., 2010; Gendron et al., 2012; Lindquist et al., 2006).
Our findings are consistent with “predictive coding” accounts as
well as embodied accounts in which concepts (anchored by emotion labels) are thought to be instantiated as activity in sensory
cortices (e.g., Clark, 2013; Chanes & Barrett, 2016; Friston, 2010;
Hohwy, 2013; Lupyan & Clark, 2015). The predictive coding
perspective flips the traditional structure of neural organization, by
suggesting that the brain operates in a largely predictive (topdown) manner, with bottom-up activity reflecting the errors of this
predictive architecture. In this viewpoint, language is an effective
means of propagating activity across the brain’s predictive hierarchy because it can activate a distributed representation that allows
for flexible predictions (Lupyan & Clark, 2015). This viewpoint
suggests that the impact of language on emotion judgments is not
a special case, but rather a natural consequence of neural organization.

Broader Implications for the Study of Emotion
Our results have important implications for studies of emotion.
Many previous studies involving category judgments of emotion
embed words within the paradigm. Here we have shown that
emotion words are a powerful source of context, shaping how we
perceive the emotional world. Thus, whether anticipated by the
experimenter, the presence of words creates a context that can
influence the results of an experiment. Hence, what the majority of
published emotion judgment experiments demonstrate is how a
person perceives emotion in the context of words (cf. Russell,
1994; see also Barrett et al., 2011). As a result, efforts to understand how emotion judgments occur in vivo should seriously

consider how including emotion words in task paradigms can alter
the phenomenon being investigated.
To conclude, this present research adds to prior findings (e.g.,
Gendron et al., 2012; Fugate et al., 2010; Lindquist et al., 2006;
Roberson & Davidoff, 2000; for a review, see Barrett et al., 2007;
Lindquist & Gendron, 2013) to help illuminate how emotion
perception “goes beyond” the structural information provided by a
stimulus, to include the words a perceiver knows.
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