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ABSTRACT

This study examines whether emotion conveyed in
recorded and synthesized voices affects perceptions of
emotional valence of content, perceptions of suitability of
content, liking of content, and credibility of content as
well as whether recorded or synthesized speech influences
perceptions differently.  Participants heard two news
stories, two movie descriptions and two health storiesin a
2 (type of speech: recorded vs. synthesized) by 2
(consistency of voice emotion and content emotion:
matched vs. mismatched) balanced, between subjects
experiment. A happy voice, whether synthesized or
recorded, made content seem happier and more suitable
for extroverts, and a sad (synthesized or recorded) voice
made content seem less happy and less interesting for
extroverts.  Participants reported liking content more
when voice emotion and content emotion were matched,
but rated information as more credible when voice
emotion and content emotion were mismatched.
Implications for design are discussed.
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INTRODUCTION

As the Web evolves, it is rapidly moving toward voice-
based interfaces. This evolution has been dictated by
market demands for convenience (e.g., ability to do other
things while surfing the Web; smaller devices lacking
keyboards), safety (e.g., eyes-occupied situations,
accessing web content while driving), and wider access for
those with visual impairments and other disabilities. This
raises the question: What characteristics of voices are
important when presenting Web content?
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When voice talents record content, they are careful to read
content in a manner that is consistent with the material.
That is, if they are reading happy or positive content, they
speak in a cheerful tone, using higher pitch, faster speech
and more pitch range than used in norma speech.
Conversely, sad content is read more slowly and flatly.
This matching of voice emotion with content is common
(and necessary to be deemed emationally intelligent) in
everyday conversations[9, 16].

The psychological literature has confirmed that
consistency is important. People expect consistency and
prefer it to inconsistency. When they encounter
inconsistencies, they enter a drive state and are motivated
to adapt their perceptions in order to resolve the
inconsistency [8].

The need for emotional consistency of recorded speech
has been well understood in traditional media [7], but the
situation is less clear in human-computer interaction.
When computers present voices, the computer is cognized
as the source of the voice, rather than as a medium [14,
18]; because computers are essentially emotionless [16],
it is possible that emotion in the voice would be irrelevant
in this case. The human-computer interaction literature has
provided evidence that personality consistency [4, 10, 13]
and consistency across modalities [12] are important, but
there is no comparable research on emotional consistency
in human-computer interactions[16].

If the question of importance of emotional consistency of
recorded speech and content is open, then it seems even
more questionable whether consistency in synthetic
speech matters. It has been shown that users can identify
emotion in synthetic speech [3], even if the speech sounds
artificial  and clearly machine-generated. However,
identification is very different than effect. First of all,
discovering that users can identify emotions when asked
to do so by an experimenter does not mean that
individuals think about the emotion of the computer when
they are not prompted to do so. Furthermore, even if a
user feels that a voice “seems’ to sound happy or sad, that



does not imply that users will be influenced by that
assessment.  Synthesized speech, in comparison to
recorded speech, provides an additional reminder that one
is interacting with a machine rather than a person, and thus
that emotion should beirrelevant to the interaction. On the
other hand, research shows that individuas apply socid
expectations of consistency in unambiguous human-
computer interaction in the same way that they do in
human-human interaction [17].

The problem of consistency is made more complex
because of the enormous scope and rapid growth of
content on the Web. Content comes from so many sources
so rapidly that it isimpractical to label each sentence, let
alone each part of a sentence, with the correct emotion.
Automating the process is proving extremely difficult, as
at present, there is no software that can reliably read text
and determine its emotional tone. This leaves providers of
content with a dilemma about how to convey information.
If they choose one voice to communicate al content, what
kind of a voice should be chosen? What are the
implications if a voice's characteristics do not match the
content being conveyed? What effects might mismatched
voice and content have on people’s perception of the
information being conveyed?

To begin to address these questions, we present an
experimental study that investigates. 1) whether voice
emotion impacts perceptions of content emotion and
suitability of content 2) the effect of consistency or
inconsistency of voice emotion and content emotion on
liking for and perceived credibility of the information
presented, and 3) whether emotion in recorded speech
influences perceptions of content differently than
synthesized speech.

METHOD

Participants

Participants were 56 university students between the ages
of 19 and 29 who were recruited for this study through an
undergraduate communication course. Gender was
approximately balanced across conditions. All participants
were native English speakers, so as to reduce potential

difficulties in understanding synthesized speech.
Participants received course credit for their participation.

Procedure

The experiment was a 2 (consistency of voice and content:
matched vs. mismatched) by 2 (type of speech: text-to-
speech vs. recorded speech) betweenparticipants,
repeated measures design, with content type (news, movie
descriptions, and hedlth) as the repeated factor.
Participants were randomly assigned to condition.

After being recruited by email, participants were asked to
visit a website with the instructions for the experiment.
Once they had read the instructions, participants caled a
phone number, punched in (via DTMF) a passcode to hear
the appropriate content, and listened to six information
segments, or “stories.” two news stories (one happy, one
sad), two movie descriptions (one happy, one sad), and two

health stories (one happy, one sad). After each story,
participants answered a set of questions on a website
(http://lwww.stanford.edu/~msomoza/study/main.fft). At
the end of the experiment, participants heard a sample of
each of the voices via telephone, and answered questions
about each voice (“Here is one of the voices you have
heard. Please go to the website and indicate your opinions
about this voice.”). All instructions were delivered via the
website, not the telephone, in order to avoid using a new
voicefor giving instructions.

Manipulation

Type of Voice Manipulation. The CSLU Toolkit" running
on an NT machine was used to run the experiment; a
Diaogics board answered the phone calls. The synthesized
voices were based on the default male voice provided by
the Toolkit. To create a happy voice, we used settings of
F0=184 Hz, pitch range=55 Hz, and word rate=198 words
per minute. The sad voice had FO=90 Hz, pitch range=5
Hz, and word rate=157 words per minute. These settings
were based on the literature that discussed markers of
emotion in speech [3]. For the recorded voice, we used a
male graduate student whose voice was similar to the TTS
voicein pitch.

Manipulation checks indicated that in both the TTS and
recorded conditions, the happy voice was perceived as
significantly happier than the sad voice.

Content Manipulation. Within each content category
(news, movie descriptions and hedlth), we created one
“happy/positive” story and one “sad/negative’ story. A
manipulation check confirmed that the happy stories were
perceived as significantly happier than the sad stories.

Within the text-to-speech (TTS) and recorded speech
conditions, half of the participants heard each story read in
a voice that matched the emotional valence of the story;
the other half heard each story read in a voice that
mismatched the emotion conveyed in the story.

Measures
All dependent measures were based on items from the
Web-based questionnaire. Most questions used a ten-point
Likert scale, with radio buttons for indicating user
response.

Questions about perceptions of story content, suitability
of the content for particular audiences, liking of the
content, and credibility of the content were asked for each
story. The first set of questions asked: “Please indicate
how interested the following kinds of people would be in
the story about...” followed by a list of types of people
and a tenpoint Likert scae anchored by “Very
Uninterested” (=1) and “Very Interested” (=10). The
second set of questions asked: “Please indicate how well

1 The CSLU Toolkit is downloadable without cost at
http://cslu.cse.ogi.edu.



the following adjectives describe the story about...”
followed by a ten-point Likert scae anchored by
“Describes Very Poorly” (=1) and “Describes Very Well”
(=10). Questions assessing the two different voices were
asked at the end of the questionnaire; they also employed
ten-point Likert scales.

Several indices were created for each story to measure the
concepts being tested. Indices were driven by theory and
confirmed using factor analysis.

Perception of happiness of content was an index
comprised of the adjectives happy and sad (reverse-
coded).

Perception of suitability of content for extroverts wasan
index comprised of the categories of people: extroverts
and introverts (reverse-coded).

Liking of the content was an index comprised of six
adjectives. boring (reverse-coded), engaging, enjoyable,
interesting, informative, and likable. The indices were
highly reliable (average Cronbach’s alpha for the six
indiceswas .91).

Credibility of the content was an index comprised of three
adjectives: objective, tells the whole story, and unbiased.
Theindiceswerereliable (average alpha was .71).

RESULTS

To examine the effect of emotion of voice on perception
of content, for each dependent variable, we first analyzed
the recorded speech and TTS conditions separately,
looking at happy and sad stories independently. In this
andysis, valence of voice emotion was the between
participants factor, with content as the repeated factor. We
then pooled the recorded and TTS data and used that as a
second factor in our analysis.

Perception of valence of content

Results indicate that the emotion in the voice significantly
affected the perception of the valence of content for both
recorded speech and TTS (see Figure 1).

Figure 1. Perceived Happiness of Content
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In the recorded condition, participants who heard happy
content read in a happy voice rated the stories as happier
than those who heard the same content read in a sad voice,
F(1, 27)=51.2, p<.001, h?=.66. Similarly, those who
heard sad content read in a sad voice rated the stories as
less happy than those who heard it read in a happy voice,
F(1, 27)=29.8, p<.001, h?*=.53.

The TTS conditions exhibited the same effects as recorded
speech. Participants who heard happy content read in a
happy voice rated the stories as happier than those who
heard the same content read in a sad voice, F(1, 27)=7.3,
p<.01, h?=.22. Similarly, those who heard sad content read
in a sad voice rated the stories as less happy than those
who heard it read in a happy voice, F(1, 27)=4.5, p<.04,
h?=.15.

When TTS and recorded speech conditions were anayzed
together, there was a significant interaction for both happy
and sad content, indicating that the effect of voice emotion
on content perception was stronger in recorded speech
than in TTS. For happy content, there was a significantly
greater difference between happy and sad voices for
recorded speech than TTS (the two left barsin each cluster
in Figure 1), F(1,55)=4.0, p<.05, h®>=.07. Similarly, for
sad content, there was a significantly greater response to
the recorded voices as compared to the TTS voices (the
two right bars in each cluster in Figure 1), F(1,55)=5.4,
p<.02, h?=.09.

As a result of the significance for the two modalities
independently, when the data from the two modalities are
pooled, a happy story read in a happy voice was perceived
as happier than the same story read in a sad voice, F(1,
55)=40.7, h? =.44, p<.001, and a sad story read in a sad
voice was perceived as |ess happy than the same story read
in ahappy voice, F(1,55)=28.7, h?=.36, p<.001.

Perception of suitability of content

The effect of valence of voice emotion on perception of
suitability of content for particular audiences was assessed
using the same procedures as used to examine the effect
of emotion of voice on perception of valence of content.
We first analyzed TTS and recorded conditions separately,
looking at happy and sad stories independently. In this

Figure 2. Perceived Suitability of Content for Extroverts
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anaysis, valence of voice was the between-participants
factor, with content as the repeated factor. We then
pooled the recorded and TTS data and used that as a second
factor.

Results show that the emotion conveyed by the voice
significantly affected the perception of suitability of
content for extroverts for both recorded speech and TTS
(seeFigure 2).

In the recorded condition, participants who heard happy
content read in a happy voice rated the stories as more
interesting for extroverts than those who heard the same
content read in a sad voice, F(1, 27)=6.2, p<.02, h®=.19.
Similarly, those who heard sad content read in a sad voice
rated the stories as less interesting for extroverts than
those who heard it read in a happy voice, F(1, 27)=6.9,
p<.01, h*=.21.

The TTS condition displayed the same effects as recorded
speech. Participants who heard happy content read in a
happy voice rated the stories as more interesting for
extroverts than those who heard the same content read in a
sad voice, F(1, 27)=6.5, p<.02, h?=.20. Similarly, those
who heard sad content read in a sad voice rated the stories
as less interesting for extroverts than those who heard it
read in ahappy voice, F(1, 27)=5.2, p<.03, h?=.17.

Consistent with the findings for each modality
independently, when the data from the TTS and recorded
speech conditions are pooled, a happy story read in a happy
voice was perceived as more interesting for extroverts
than the same story read in a sad voice, F(1, 55)=11.8,
p<.001, h? =.19, and a sad story read in a sad voice was
perceived as less interesting for extroverts than the same
story read in a happy voice, F(1,55)=12.1, p<.001, h®=.19.
There was no interaction for either happy content (p>.39)
or sad content (p>.68), suggesting that participants were
affected similarly by TTS and recorded speech.

Liking of the content

A repeated measures ANOV A was conducted to determine
how consistency of voice emotion and content emotion
influence liking of the content. This analysis used the six
stories as the repeated factor, and consistency of voice and
content (matched or mismatched) as the between-subjects

Figure 3. Liking of Content
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factor.

In the recorded condition, respondents liked the content
more when voice emotion and content emotion were
matched than when they were mismatched, F(1,27)=6.3,
p<.02, h?=.20 (see Figure 3). Although the effects werein
the same direction, there was no significant difference in
liking for the TTS condition (p>.34).

For the pooled data, there was a clear and significant
preference for the matched content as compared to the
mismatched content, F(1,55)=6.32, p<.01, h?=.08.
Content was aso liked more when read in a TTS voice as
opposed to recorded speech, F(1,55)=6.32, p<.01,
h?=.09. There was no interaction (p>.65).

Credibility of the content

Consistency aso had an effect on credibility, but in a
direction that would seem to be opposite to that of liking:
Participants found the content to be more credible when
voice emotion and content emotion were mismatched
rather than matched.

In the recorded condition, respondents rated the content

Figure 4. Credibility of Content
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more credible when voice emotion and content emotion
were mismatched rather than matched, F(1,27)=6.6,

p<.02, h?=.20 (see Figure 4).

The same effect held true in the TTS condition, with
respondents finding content more credible when voice
characteristics and content were mismatched rather than
matched, F(1,27)=6.8, p<.02, h®=.21.

For the pooled results, main effects were found for both
consistency and type of speech. Given the foregoing,
content was rated more credible when voice emotion and
content emotion were mismatched rather than matched,
F(1,55)=13.4, p<.001, h?=.20. TTS was considered more
credible than recorded speech, F(1,55)=6.09, p<.02,
h?=.11. There was no interaction between type of speech
and consistency of voice and content (p>.83).



DISCUSSION

Emotion detection is a finely-tuned skill in humans as well
as other animals [16]. The present results demonstrate that
humans use that skill when responding to voices on
computers, whether those voices are recorded speech or
synthesized speech. But users don’t stop at detection: The
assessment of emotional valence in voice affects their
perception of, liking, and perceived credibility of what is
being said. While these results for recorded speech are
consistent with the findings in traditional media, the fact
that the emotion of TTS voices influences users is
remarkable.

Our first results demonstrate that the emotion manifest in
a voice influences the perception of the content;
specifically, happy voices make both happy content and sad
content seem happier than the same content presented by a
sad voice. This is a prediction of cognitive dissonance
theory [15], which argues that inconsistent perceptions
leads to a negative drive state that tends to reduce the
inconsistency; in this case, the user reinterprets the
content to make it seem more consonant with the
presenting voice.

Not surprisingly, recorded speech seems to have a greater
effect on users' perceptions than does synthesized speech.
It is unclear whether this is because the emotion was less
detectable or whether the emotion was partially dismissed
because computers are not emotional. Future research
should address this question, athough the lack of an
interaction for perceptions of suitability of content, liking
and credibility suggest that the differences between TTS
and recorded speech may be overrated.

Voice emotion aso determined the perceived target
audience for content. Content read in a happy voice was
perceived as being more interesting to extroverts, while
content read in a sad voice was perceived as being less
interesting to extroverts. In sum, even synthesized speech
can have strong effects on the perceived emotion and
suitability of content.

Our other results focus on the match or mismatch between
the emotion of the voice and the emotion of the content.
Effects in these cases are striking because the previous
results suggest that users, through their processing of the
content, minimize the actual mismatch.

For recorded speech, match is clearly positively
associated with liking, consistent with the predictions
from consistency theory. Fortunately, achieving
consistency in recorded speech is straightforward:
Because readers, unlike computers, are extremely good at
detecting the emotion reflected by content, and because
humans tend to automatically match the emotion of their
voice to content, emotionally-appropriate recorded speech
isessentially automatic.

The results for TTS match and liking were not significant,
but in the expected direction. Again, it is unclear whether
weakness of the manipulation or dismissa was at play.

These results, like those for perceived emotion in content,

suggest that emotion in TTSis not as powerful as emotion
in recorded speech.

The results for credibility may seem paradoxical:
Credibility is generally positively associated with liking
[2]. We believe the explanation for this phenomenon is
that in cases of voice/content mismatch, users draw on
their experiences in  human-human interaction to
understand the discrepancy between voice and content
[17]. In human-human interaction, voice and content are
“appropriately” mismatched when valenced content is read
in a neutral voice to reflect objectivity or neutrality. If
mismatch in the present study suggested a sense of
detachment, the mismatch condition would be perceived as
more objective and hence credible. In support of this
explanation, a study involving matched or mismatched
personalities and bidding behavior [13] found greater
persuasion in the mismatched conditions, while individuals
liked the matched conditions significantly more. The fact
that mismatch was more credible in both recorded speech
and TTS in our present study lends support to this
explanation.

One possible practical resolution to the conflict between
liking and credibility (when both are important) isto have a
neutral voice, or at least a voice that becomes more neutral
as credibility becomes more important than liking. Future
research should elaborate the tradeoffs between clearly
marked emotion and effects on perceptions of content.

This study focused on the manifestation of emotion
through both recorded and synthetic voice. It is likely,
however, that the issue of emotion matching will be
relevant to other modalities as well. For example, when
people present themselves on the Web via video, their
facial expressions generally match their emotion.
However, manifestation of emotion in synthetic faces or
embodied conversational agents [5, 6] require highly
complex control over the face and body as well as a
nuanced emotion model. Because humans sensitivity to
facial emotion is much more highly developed than even
voice-based detection, the importance of appropriately
manifesting emotions in these more anthropomorphic
representationsis even more critical.

There are also other opportunities for manifesting
emotion. Many websites and software are associated with
happy (e.g., party sites) or sad (e.g., funera parlor sites)
issues. Even graphical images or sound icons are assigned
a vaence [1, 11]. Designers must consider all of these
potential emotional matches and mismatches.

At the highest level, the most remarkable result of the
present study is that emotion markers in synthesized
speech can dramatically influence perceptions of and
responses to content. While mere discernment of emotion
might have a straightforward cognitive processing
explanation [3, 12], the influence of TTS emotion on
responses to content suggests that users are treating the
voice as an emotionrich source of content [18],



independent of the emotionless machine. That is, even
synthetic voices are treated as socia actors[17].

The importance of emotion in synthetic speech represents
a significant opportunity and problem for interface
designers. As an opportunity, the present results suggest
that an “emotion markup language” would be an enormous
plus for systems, especially as voices become more
human-like. The problem is that at present, there are no
systems that can reliably automate the mark-up process, so
emotional specification isalabor-intensive process.

One caveat in the present study is that we used a single
recorded voice and a single synthesized voice. Future
research should vary the characteristics of the voices,
including gender, age, personality, etc..

Another open issue is emotional adaptation. In the
present study, all of the voices adapted to the content,
although for half of the subjects, the adaptation was always
mismatched. However, many systems assign a single
emotional tone to the voice, regardiess of content, thereby
sometimes matching and sometimes mismatching.
Similarly, many e-commerce websites show astill smiling
face whichisreferred to asthe “helper” or “advisor,” even
when the user istold that their desired item is out of stock
or that the user has made a mistake. Future research should
explore whether consistent emotional expression is
discounted, or whether users nonetheless are influenced.

In sum, the present results suggest that careful attention to
the emotion manifest in voice output, whether recorded or
synthesized, isacritical issue for interface designers. Just
as a bad actor can destroy a great play, a poorly directed
or created voice can undermine an interface.
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