Auditory, visual, and auditory-visual spoken emotion recognition in young and old adults
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ABSTRACT

The study examined the recognition of emotional
speech as a function of the clarity of expression, the
modality of presentation, and participants’ age (Mage =
19.8 vs. 73.9). Based on the results of a previous study,
expression clarity was varied by selecting Auditory-
Visual (AV) recordings of one actor who had well
recognised expressions of anger, happiness, sadness,
surprise, disgust, and neutral and one actor who did
not. The young (n = 24) and older (n = 19) participants
were presented these stimuli in Auditory-Only (AO),
Visual-Only (VO), or AV format and made a forced-
choice judgement on each. Older adults performed
worse than younger ones for all presentation modalities
except clear VO expressions. Importantly, whereas
younger adults showed an AV benefit (AV > VO),
older adults did not (showing a presentation mode by
clarity interaction). The importance of varying signal
clarity when investigating age effects was discussed.

1. INTRODUCTION

Emotion recognition is important for successful
interpersonal communication [22]. Generally, research
shows that younger adults’ emotion recognition is
more accurate than older adults. Considerable research
has examined the impact of age on facial emotion
recognition (using static images). However, for the last
decade or so, a growing number of studies have
examined older adults’ recognition of vocal emotion
expression, particularly in speech (i.e., emotion
prosody). These studies have typically presented
participants with semantically-neutral sentences or
words produced with different expressions (e.g., anger,
fear, sadness, disgust, surprise, and happiness) and
found that older adults performed worse than younger
ones for all vocal expressions (see [8] for a review).
Various explanations for this difference have been
advanced and subsequently tested. For example, one
proposal has been that the emotion recognition
problems that the elderly experience may in part be due
to the emotional material having lexical content. Here
the argument is that such content triggers linguistic
processes [12] which in turn consumes cognitive
resources and interferes with emotion recognition
processes [3]. To test this idea, studies have used
pseudowords or filtered speech with the aim of

determining  whether under such  conditions
performance improves. For example, Demenescu and
colleagues [7] presented older adults and younger
adults with pseudowords in an attempt to reduce
cognitive load. However, they still found that older
adults were worse than younger ones when recognising
disgust and anger. Similarly, Kiss and Ennis [17] found
that older adults performed worse than younger adults
when presented with happy, angry, sad, fearful, and
neutral pseudowords. Moreover, they found that when
older adults were presented with emotional words and
pseudowords, they had similar recognition levels. In
sum, it appears that even if lexical processing causes
some interference with emotion prosody processing,
this is not the main cause for older adults’ problems (a
conclusion consistent with findings that older adults
still show worse emotion recognition than younger
ones with low-pass filtered speech) [19, 20].

Even though the semantic processing hypothesis
has little support, it points the way to a potentially
useful research strategy, where to understand the
nature of the problem one investigates conditions
where the performance of older adults might improve.
In this regard, the current study examined two factors:
(1) supplementing the auditory with visual emotion
signal; (2) examining different levels of the clarity of
the emotion signal.

With respect to (1), it is expected that visual
emotion information will enhance auditory emotion
processing. It has been shown that linguistic prosody
can be expressed visually [4, 6, 15]; and that this
facilitates auditory prosody processing [5]. Indeed, for
younger adults, auditory-visual (AV) emotion
perception is better than auditory only (AQO) or visual
only (VO) perception [16]. Given this, the problems
that older adults have identifying auditory expressions
may be reduced with AV emotional expressions.

Few studies have investigated the impact of aging
on the recognition of AV emotional expressions and
the results have been inconsistent. For example, Hunter
and colleagues [14] presented their participants with
AV emotional expressions and found that younger and
older adults had similar levels of recognition accuracy
across all emotions (i.e., happy, angry, sad, fearful,
disgusted, and surprised). In contrast, Lambrecht and
colleagues [18], who also presented their participants
with AV expressions, found that younger adults
outperformed older adults for the expressions happy,



alluring, and anger (older and younger adults showed
similar performance for disgust).

The inconsistency in the above results may be
partially due to methodological differences involving
stimulus selection. It is this possibility that motivated
the selection of the second variable (2) of the current
study. That is, some studies may have selected stimuli
that conveyed clear emotional signals so that
participants can easily discern the presented emotion.
This can be problematic as the use of very clear,
unambiguous emotional expressions can produce
ceiling effects and hence no age group and/or emotion
type differences. Those studies that have shown age
differences may have wused stimuli where the
expressions were less clear and thus may have been
more sensitive to potential differences between age
groups. That is, less clear stimuli may result in more
response confusions and such response patterns can
indicate the emotions that participants most often
confuse. For example, it has been reported that older
adults frequently label vocal emotions as more positive
than they actually are [9]. These and other differences
between older and younger adults may be more
pronounced when participants are presented with less
clear rather than clear-cut expressions.

For the current study we introduced a speaker
clarity variable with two actors: one who had clearly
recognisable emotional expressions (clear speaker); the
other whose expressions were harder to recognise
(unclear speaker). We also used AV (as well as VO
and AO) expressions of emotion. Overall, it was
expected that the younger group would outperform the
older group across all conditions. Further, it was
expected that both age groups would perform better in
the AV compared to the VO and AO conditions.

2. METHOD

2.1. Participants

Twenty-four younger (8 males, Mag = 19.8, range
17-27) and 19 older (11 males, Mag = 73.9, range
62-89) adults were recruited. Younger adults were
students and received course credit; older adults
received monetary reimbursement. All reported
English as their first language except 3 older adults
who learnt it as a younger age (approx. 4 years).

2.2. Stimuli

The stimuli consisted of video recordings of 2 male
native Australian English speakers, uttering 8
Semantically Unpredictable Sentences [2]. The
speakers portrayed facial and vocal expressions of
anger, sadness, disgust, surprise, happiness, or neutral
as they spoke each sentence. Recordings were
manipulated to produce VO, AO, and AV stimuli.

The two speakers were selected out of the five
speakers in Kim and Davis [16] based on the results of

their emotion recognition task. One speaker was “clear’
and the other ‘unclear’ at expressing emotion, i.e.,
participants were more/less able to identify the
speaker’s emotions than any others’. A female speaker
(taken from [16]) was used to present 12 practice trials.
Finally, at the commencement of each new or different
speaker, two neutral expressions of that speaker were
presented to act as a speaker specific calibration.

2.3. Procedure

Participants first completed a questionnaire detailing
age, gender, languages spoken, etc. Participants were
told they would see (VO), hear (AO), or see and hear
(AV) a person talking first neutrally, then in various
emotional expressions. They were asked to select
(using the mouse) one of five options presented on the
screen (angry, sad, disgust, surprise, or happy) they
thought best described the previously presented
emotional expression. They were told to use the
speakers’ neutral expressions as a baseline to compare
with subsequently presented emotions.

Participants were tested individually in a quiet
room and were presented with three blocks (VO vs.
AO vs. AV) of 80 trials each that consisted of 8
sentences, 5 emotions (angry vs. sad vs. disgust vs.
surprise vs. happy), and 2 speakers (clear vs. unclear),
resulting in a total of 240 trials. The order of the three
blocks was counterbalanced across participants so that
participants could receive the AO, VO, or AV block
first. Further, two versions of the experimental list
were created so that half of the participants received
the clear speaker trials first for all three blocks. The
presentation order of stimuli within each speaker block
was randomised using the DMDX display and response
collection software [11].

In each block for each speaker, participants were
first presented with two neutral expressions of the
speaker, followed by the 40 items. For each trial, a
fixation point was presented for 50ms, followed by an
experimental item (approx. 6 secs). Then, 5 boxes
labelled “Angry”, “Sad”, “Disgust”, “Surprise”, and
“Happy” were presented on the screen for a response.

At the conclusion of the experiment participants
completed a visual acuity test [1] and the Mini-Mental
State Exam (MMSE) [10]. The MMSE was
administered to check for signs of dementia as the
presence of dementia is strongly associated with poor
emotion processing and may be a confounding variable
[21]. Hearing level was also assessed using pure tone
audiometry (Diagnostic Audiometer, AD229) for 4
different frequencies (0.5, 1, 2, and 4 kHz). Hearing
ability can decline with age [23] and as such may
interfere with the processing of acoustic signals that
are important for emotion identification. Participants
were then debriefed regarding the purpose of the study.



3. RESULTS
3.1. Visual Acuity, MMSE, and Hearing Ability

Hearing ability was averaged across both ears for each
participant and across all participants for each
frequency (Figure 1). Across all (particularly higher)
frequencies, young performed better than older adults.

Figure 1: Hearing ability (dB) for each age
group averaged across participants for 0.5, 1, 2,
and 4 kHz. Error bars indicate standard error.
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The results of the MMSE revealed that younger
(Mmmse = 29.08) and older (Mymse = 28.32) groups
scored within the normal range (above 23) indicating
no presence of dementia. Most participants had normal
vision; one older adult showed slightly worse than
normal vision with a visual acuity of 0.96 (where a
score of 1 represents normal acuity).

3.2. Age Differences in Percent Correct Responses

Percent correct responses were analysed in a mixed
repeated measures ANOVA with presentation
modality, speaker clarity, and emotion type as within
subjects factors and age as the between subjects factor.
Overall, the younger group (84.2%) outperformed the
older group (66.1%) (Fuay = 48.41, p < .001, n,° =
.54). The VO (81.6%) and AV (82.6%) conditions
attracted higher percent correct scores than the AO
(62.2%) condition (Fpgy = 194.57, p < .001, n,° =
.83). Emotion was better recognised for the clear
(84.0%) than the unclear speaker (67.0%) (F41 =
414.55, p <.001 np =.91). The effect of emotion type
was also S|gn|f|cant (Fea164 = 25.34, p < .001, np =
.38). There was a significant interaction between
speaker and age (F.41 = 7.06, p < .05, 1,” = .15).

3.3. Speaker clarity

Separate ANOVA’s were conducted for each of the
speakers as above. Identification scores are presented
in Figure 2. For these analyses a Bonferroni adjusted
alpha of .017 was used [13]. For the clear speaker,
younger adults (91.6%) outperformed older adults
(76.4%) (Fuay = 3557, p < .001, n,° = .47).
Performance was worse for the AO (66.5%) than the
VO (93. 6%) / AV (91.9%) conditions (F g = 270.14,
p < .001, np = .87). The effect of emotion type was
significant (F(4,154) =25.31,p<.001,n,° =.38).

For the unclear speaker, younger adults (76.8%)
performed better than older adults (57.2%) (F(141) =
51.80, p < .001, np = .56). The VO (69.7%) and AV
(73.3%) conditions attracted higher percent correct
scores than the AO (58.0%) one (F(s2 = 55.43, p <
.001, np .58). The effect of emotion type was
S|gn|f|cant (F(4,164) =37.66,p <.001, n,” = .48).

Figure 2: Mean percent correct identification scores for each emotion across AO (left panel), VO (middle panel), and
AV (right panel) for the clear (top) and unclear (bottom) speakers. The error bars represent standard error.
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3.4. Confusion matrices

We also looked at the age group difference in the AO
condition by creating confusion matrices (Figure 3).

Figure 3: The difference in confusion matrices for
the AO condition for the clear (top) and unclear
(bottom) speakers. Older adult responses have been
subtracted from younger adult responses. The
numbers on the solid and transparent circles
indicate the mean number of responses (%) for
younger and older adults, respectively.
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As can be seen, older adults had more confusions
than younger adults. Older adults also showed different
confusions for the clear and unclear speakers.
Specifically, older adults showed more happy
confusions (happy column) for the unclear (e.g., anger
for happy, disgust for happy, sadness, for happy) than
the clear speaker (e.g., anger for disgust, disgust for
surprise, sadness for happy). This suggests that when
older adults are presented with emotional expressions
that they find ambiguous, they tend to perceive them as
being more positive than they actually are [9].

4. DISCUSSION

The older adults of this study had elevated hearing
thresholds compared to the younger ones and also

performed much worse on AO emotion recognition.
This is consistent with the proposal that hearing
problems can affect auditory emotion recognition [18].
Two factors were examined that potentially could
affect/enhance emotion recognition: (1) presenting AV
emotional expressions and (2) the clarity of emotional
signals. The results showed that overall, both groups
performed better in the AV than the AO condition
regardless of signal clarity. However, younger adults
still outperformed older adults in the AV condition.

Interestingly, the clarity of the emotional signal
appears to influence whether visual signals can be
supplemented by auditory information. That is, in the
clear condition, older adults performed better in the
VO than the AV condition; whereas in the unclear
condition older adults performed better in the AV than
the VO condition. It is possible that when there is
uncertainty in one modality with regards to the
intended emotional expression (e.g., not-so-clear AO
expressions) but not in the other modality (e.g., clear
VO expressions), the older adults may become
confused and thus less able to make use of the
additional information presented in the AV condition.
This particular finding may explain the inconsistent
results reported between Hunter and colleagues [14]
and Lambrecht and colleagues [18] where unclear
auditory and clear visual emotional stimuli may result
in age differences (and clear auditory and visual
emotional stimuli may not).

In line with this, it is also possible that the signal
clarity of VO expressions can influence age
differences. Specifically, older adults showed worse
performance than younger adults when presented with
unclear VO emotional expressions but showed similar
performance when presented with clear expressions.
These findings show the importance of considering
signal clarity when selecting research stimuli.

In conclusion, older adults experience problems
when recognising auditory emotions. Some of these
problems may be due to hearing loss [18]. The hope is
that such problems could be offset by visual cues.
Here, however we have shown that poor signal clarity
can nullify any AV facilitation effect. It is therefore
important that this factor is considered in future
research.
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