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ABSTRACT

A U T H O R

Individuals perceive speech through at least two sensory modalities: audition (hearing) and vision
(seeing). We wanted to determine whether people perceptually prioritize emotional information
or linguistic information when they see and hear speech. By conducting a series of experiments
using cross- modal matching tasks, we sought to answer our main question. Baselines were used
to establish the validity of our tokens, and then we asked participants to match auditory tokens to
the correct visual tokens. Overall, we found that some individuals prioritize emotion information
while others prioritize linguistic information when cross-modally integrating speech.
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BACKGROUND
In conversation, have you ever felt that a person is
listening to the words you are saying but doesn’t really
grasp the emotion behind your words? Have you had
someone completely empathize with the emotions you
are portraying but not really hear your words? The ability
to identify the emotions of others is vital in all aspects
of social interaction. People gain critical information
regarding appropriate response through emotion
identification and speech.
Past research has shown that both speech and emotion are
perceived through more than one sense (multimodally). In
other words, people use more than one sensory modality
(such as hearing and seeing) to reach an understanding
about what a person is saying and feeling. When attending
to interpersonal situations, individuals use linguistic and
emotional variables to process the information presented.
However, it is possible that individuals more readily use
either linguistic or emotional information to reach their
understanding of the presented situation. For example,
when having a conversation, a person may attend more
closely to the other individual’s expressions or they may
pay closer attention to the lexical information they are
hearing. In previous research, participants have judged
emotional expression using photographs or videos.
Studies explored the effects of age, sex and developmental
disorder on speech and emotion perception.
Johnson, Emde, Scherer, and Kilnnert (1986)
demonstrated the multimodality of emotions. Both visual
information and auditory information are essential to
identifying emotions; when combined, these cues allow
us to accurately interpret the emotions of others. Although
it is important to have both aspects to achieve emotion
perception, as seen through the studies of Johnson et
al. (1986), individuals can still gain some insight into
another person’s emotion when the attempt is made to
separate them. Participants were able to identify some
emotions with good accuracy (e.g. sadness) through one
modality alone. However, people had trouble identifying
other emotions that were easily identified in the visual
and auditory combined condition, demonstrating the
multimodality of speech perception and emotion.
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De Gelder and Vroomen (2000) examined the integration
of auditory and visual components in relation to emotion
perception and found that audiovisual integration occurs
when perceiving emotion. For example, if a participant is
shown a happy face paired with a sad voice, he/she is more
likely to rate the face as sad. De Gelder & Vroomen (2000)
demonstrated that a strong relationship between spoken and
visual speech exists when perceiving emotion. Pourtois,
de Gelder and Crommelink (2005) studied the relationship
between visual and auditory information by analyzing the
brain regions activated during emotion perception and found
that the middle temporal gyrus was much more activated
when participants were shown audio-visual stimuli rather
than audio only or visual only stimuli. The higher levels
of activation seen in the brain offer evidence that emotion
perception is indeed a multimodal process and people
attend to both linguistic and emotional cues when detecting
emotion.
Researchers have also investigated age effects on
multimodal emotion perception and speech. Hunter, Phillips,
and MacPherson (2010) tested the emotion detection
performance of younger and older individuals when
presented with congruent cross-modal stimuli and found that
older participants were able to perform just as well as younger
participants when identifying congruent faces and voices.
However, older participants encountered more difficulty with
cross-modally incongruent faces/voices. Although older
individuals do not have a more difficult time identifying
emotion in a multimodal encounter, they do experience more
difficulty when attempting to derive emotional information
from only one cue (auditory or visual alone).
Overall, previous research shows the importance of both
visual and auditory cues when perceiving emotion. Speech
perception is also integrated multimodally; lip-reading has
been shown to be a useful tool for better understanding what
someone is saying. The multimodality of speech can also be
seen through the method of tadoma, a way of feeling speech.
In this method, the individual perceives speech by placing
his/her hand over the other person’s mouth and feeling the
ways in which speech is formulated (Rosenblum, 2012).
Research has also supported the notion that speech is not
only perceived through sound. Dohen, Schwartz, and Bailly
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(2010) believe that face-to face interactions offer much
more than just sound; the emotions, gestures and facial
expressions that are perceived contribute to the perception
of speech. We gain vital information about a speaker from
interacting with them directly; every part of that interaction
is important and gives us a better understanding of the
interaction that is occurring.

words were presented neutrally, with no emotion in the face
or in the voice. After establishing that the participant fully
understood the directions, he/she sat in a sound proof booth
to complete the experiment. Directly after the completion
of the task, each participant completed a language
questionnaire. Overall, completion of the experiment took
approximately 15 minutes.

In the current study, we sought out to see whether
individuals gave higher perceptual priority to linguistic or
emotional cues in audiovisual speech. In order to establish
whether our stimuli were effective, we conducted a series
of two baselines, followed by two experiments that used
cross-modal matching tasks. In these trials, participants
were given two pairs of visual and audio stimuli of a word
and the person was to decide which time what they saw
best matched to what they heard. For example, a person
saw someone say “log” and heard “log,” then say saw
someone say “log” but heard “dog.” The participant had
to decide which time the visual and audio stimuli matched.

Results for Baseline 1: Word ID
Participants were able to discriminate between incongruent
and congruent visual/phoneme tokens at better than chance
levels (M correct = 80.9%, SD = 11.0%), t (19) = 8.97,
p < .001). These results indicate that participants could
match the word they heard with the word they saw 80.9%
of the time, meaning that when participant saw “pamper”
and heard “pamper” they were able to accurately pair them,
rather than choosing the visual “pamper” with the audio
“camper.”

Methods for Baseline 2: Emotion Categorization
METHODS AND RESULTS
Method for Baseline 1: Neutral Word ID
In the first experiment, 21 undergraduate students between
the ages of 17 and 25 participated; fourteen of the 21
participants were female and seven were male. The students
received research credit to fulfill a course requirement.
Additionally, the participants had normal or corrected
hearing and vision in order to take part in the study. A
research assistant had the participants read and sign an
informed consent form prior to conducting the experiment.
Each participant received detailed directions and was asked
about their comprehension of the task to be conducted.
The task consisted of matching visual to auditory stimuli.
Participants saw/heard two video and audio stimuli pairs;
the participant chose the video in which the visual stimuli
best matched what they heard. Each participant heard ten
words in five pairs. The words differed only on one part
(one visible phoneme). For example, the participant saw a
model say “camper” while hearing “camper,” then saw the
same model say “camper” but heard the word “pamper.”
People had to determine which time what they heard best
matched what they saw. It is also important to note that all
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This experiment sought to test whether participants could
discriminate three distinct emotions in the stimuli: happy,
mad, or sad. Participants experienced three presentations:
participants saw and heard audio only, visual only, or audiovisual stimuli. Ten (6 female, 4 male) UCR undergraduate
psychology students between the ages of 17 and 21, who
had not participated in the neutral baseline, participated in
exchange for research credit. As in the Neutral Baseline,
research assistants followed the same general protocol.
However, participants now categorized stimuli based on
emotion. They heard the same ten words as in the first
experiment, but in three distinct emotions: happy, mad, or
sad. Participants were to categorize each auditory, visual
or audiovisual stimulus into emotional categories. The
entire procedure for running this experiment remained
very similar to Experiment 1, and it took approximately 15
minutes for each participant to complete.

Results for Baseline 2: Emotion Categorization
Experiment 2 contained three conditions: audio only (AO),
video only (VO) or audio-visual (AV). Participants were
able to successfully categorize emotion in all conditions:
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AO (M = 84.2%, SD = 9.0%), VO (M = 90.8%, SD =
3.2%), and AV (M = 94.0%, SD = 3.5%). In addition, the
three conditions significantly differed from one another:
AO versus VO, t (9) = 2.8, p = .021; VO versus AV,
t (9) = 2.7, p = .025; and AO versus AV, t (9) = 4.2,
p = .002. In other words, participants were able to
categorize the emotion they saw and heard best, with an
accuracy level of 94%. Participants also fared well at
categorizing emotions in the face they saw (correct 90.8%
of the time). Additionally, they were also able to categorize
emotion from the voice they heard with excellent accuracy
(they correctly identified the emotion in the voice they
heard 84.2% of the time). All three conditions significantly
differed from chance, with the least difference in the AO
condition, t (9) = 29.8, p < .001.
After determining that our tokens were both linguistically
and emotionally discriminable, we conducted our
experiments.

Methods for Experiment 1: Combined Emotional and
Linguistic Cross-modal Matching
Participants (N= 20, 12 female, 8 male) for this study
were also undergraduates at the University of California,
Riverside and were between the ages of 17 and 23. We
tested whether participants were better able to distinguish
fully linguistically and emotionally congruent audiovisual
in information speech from speech which was incongruent
on only one of those factors. In order to test this question,
participants saw and heard fully congruent audiovisual stimuli and partially incongruent (linguistically
or emotionally, but not both) audio-visual stimuli. The
experiment contained two types of trials: In one type of
trial, participants compared fully congruent (FC) stimuli
to linguistically incongruent but emotionally congruent
(EC) stimuli. In the second type of trial participants
compared fully congruent (FC) stimuli to those which
were emotionally incongruent but linguistically congruent
(LC). For example, in FC versus EC trials, participants
heard a happy voice say “pamper” and saw a happy
person say “pamper” in one stimulus, then in the second
stimulus they heard a happy voice say “pamper” but saw
a happy person say “camper.” In the FC versus LC trials,
participants heard a happy voice say “pamper” paired with
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a happy face saying “pamper” in one stimulus, while in the
second stimulus they heard a happy voice say “pamper”
but saw a sad person say “pamper.” In each of the trials,
the participant was to best match what they saw with what
they heard. Two distinct actors were used, one male and
one female. Participants either judged stimuli containing
the female actor or the male actor to limit the number of
trials. As in the other experiments, the only procedural
change was the explicit directions. Figure 1 further clarifies
the method used in each phase.

Results for Experiment 1: Combined Emotional and
Linguistic Cross-modal Matching
We found no difference in participants’ responses based
on seeing and hearing the male or female actor, F(1,18) =
1.289, p = .264. We found no difference in people’s ability
to distinguish FC stimuli from EC or LC stimuli, F(1,18) =
.560, p = .459. People were just as good at discriminating
fully congruent from partially congruent stimuli when the
incongruency was emotional as when the incongruency was
linguistic. Interestingly, an interaction was found in regards
to actor and information type (linguistic/emotional), F(1,18)
= 6.118, p = .018. Emotionally congruent information for
the male model was more easily matched (M = 82.7%,
SD = 16.8%) than for the female model (M = 67.5%, SD
= 11.4%), t(18) = 2.69, p = .015. However, this was not
the case concerning linguistic information: The female
model’s (M = 74.8%, SD = 9.5%) linguistic information
was not more easily matched than the males model’s (M =
69.2%, SD = 14.3%), t(18) = 1.478, p = .157. Participants
performed the discriminating task of fully congruent from
partially congruent (linguistic or emotional) at higher than
chance levels, t(19) = 9.292, p < .001.

Methods for Experiment 2: Emotional versus
Linguistic Salience Preference
After establishing the validity and discriminability of
our tokens, we conducted a second experiment to attend
to the main question: whether people perceptually
prioritize emotional versus linguistic information when
perceiving audio-visual speech. Participants were twenty
undergraduate students enrolled in introductory psychology
courses at the University of California, Riverside.
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1.

[FC] Fully audiovisually congruent stimuli.

“CAMPER” ☺

E xample: Participants heard “camper”
in a happy voice and saw “camper”
articulated with a happy facial expression.

(CAMPER)

2. [ EC] Emotionally congruent and linguistically incongruent stimuli.

“CAMPER” ☺

E xample: Participants heard “camper”
in a happy voice and saw “pamper”
articulated with a happy facial expression.

(PAMPER)

3. [ LC] Linguistically congruent and emotionally incongruent stimuli.

“CAMPER” ☺

E xample: Participants heard “camper”
in a happy voice and saw “camper”
articulated with a sad facial expression.

4.

(CAMPER)

[FI] Emotionally and linguistically incongruent audiovisual stimuli.

“CAMPER” ☺

E xample: Participants heard “camper”
in a happy voice and saw “pamper”
articulated with a sad facial expression.

(PAMPER)

Figure 1. In Experiment 1, participants saw and heard fully congruent audio-visual stimuli and partially incongruent
(linguistically or emotionally, but not both) audio-visual stimuli. The experiment contained two types of trials: In
one type of trial, participants compared fully congruent (FC) stimuli to linguistically incongruent but emotionally
congruent (EC) stimuli, and in the other trial participants compared fully congruent (FC) stimuli to those which were
emotionally incongruent but linguistically congruent (LC). In Experiment 2, on half of the trials participants compared
one emotionally congruent/linguistically incongruent (EC) stimulus to one linguistically congruent/emotionally
incongruent stimulus and judged which was the best audiovisual match. On the other half of trials, participants saw
one fully congruent (FC) and one fully incongruent (FI) stimulus and judged which was the best audiovisual match.
These trials served as catch trials to ensure that participants were attending to the task. Emoticons represent tone of
voice in auditory portion of stimuli.

Experiment 2 was to test whether participants favored
emotional content or linguistic content. In this experiment,
on half of the trials participants compared one emotionally
congruent/linguistically incongruent (EC) stimulus to one
linguistically congruent/emotionally incongruent stimulus
and judged which the best audiovisual match was. For
example, the person might hear a happy voice saying
“camper” while seeing a happy face say, “pamper,” (EC)
then the participant might hear a happy face say “pamper”
but hear a sad voice say “pamper” (LC). The participant
judged which time what they heard best matched with what
they saw. On the other half of trials, participants saw one
fully congruent (FC) and one fully incongruent (FI) stimulus
and judged which the best audiovisual match was. These
trials served as catch trials to ensure that participants were
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attending to the task. The procedure for this experiment
was very similar to that of the previous studies.

Results for Experiment 2: Emotional versus Linguistic
Salience Preference
Once again in the FC/FI trials, participants selected
completely congruent stimuli at greater than chance levels
t(19)= 45.366 p<.001. Distinct preferences for selecting
emotional (M= 73.6% SD= 11.1) or linguistic (M=75.1%
SD= 10.3) content as the best audiovisual match were
displayed by the participants in the EC/LC trials. Eleven
participants judged EC stimuli as the best audiovisual
match 73.6% of the time, while nine participants judged
LC stimuli as the best audiovisual match 75.1% of the time.
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CONCLUSION
Although all stimuli proved to be highly discriminable,
further research was needed to truly understand if
individuals perceptually prioritize linguistic or emotional
information in a cross-modal matching task. Experiment 2
included tokens using the both the male and female
models. Additionally, Experiment 2 tested whether
participants perceptually prioritize information in crossmodal matching. Through the analysis of Experiment 2,
we found that some people highly prioritize emotional
versus linguistic content when matching auditory to visual
speech. Of the twenty participants in Experiment 2, nine
of them selected linguistic content, while eleven selected
emotional content as the best match. It would be interesting
for future studies to explore why some individuals prefer
emotional versus linguistic content and what determines
this preference. Future studies should also compare scores
from the beginning of the task to those at the end, in order
to see whether participants change their preferences.
Our findings allow us to further understand the
multimodality of speech and emotion by showing that
individuals attend to information differently. Some
individuals prioritize linguistic information and others
prioritize emotional information; utilizing this concept we
can develop new teaching tools that are directed to each
type of person. For example, individuals can be taught to
attend to either emotion or linguistic content; this can be
useful for those with impairment.

Discussion
Now that the question of whether individuals perceptually
prioritize information in cross-modal speech matching
has been addressed, it would be beneficial to conduct
further experiments using visually or hearing impaired
participants. Some research has already been conducted
using such populations. For example, Dyck, Farrugia,
Shochet, and Holmes-Brown (2004) analyzed emotion
recognition in children with sight or hearing impairments.
Results indicated that visually impaired and hearingimpaired groups showed signs of deficit regarding emotion
recognition (Dyck et al., 2004). Ludlow, Heaton, Rosset,
Hills, and Deruelle (2010) also investigated the emotion
perception of deaf children and found that normal hearing
children could identify emotion more easily than those
with hearing impairment of speech and emotion perception
18

despite modality. It would be beneficial to know whether
those with impairment perceptually prioritize linguistic
or emotional information and how that compares to
individuals without impairment.
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