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Abstract

Advances in speech recognition and text-to-speech (TTS) technologies recently have contributed to the
development of conversational interfaces that incorporate animated characters. These interfaces potentialy are

well suited for educational software, since they can engage children as active learners and support question

asking skills. In the present research, a simulation study was conducted in which twenty-four 7-to-10-year-old

children used speech and pen input to converse directly with animated fish as they learned about marine

biology. During these interactions, children became highly engaged, asking an average of 152 questions during

a 1-hour session. The specific auditory embodiment of animated characters as text-to-speech (TTS) output also

had a significant selective impact on children’s engagement in asking science questions. Specifically, children
asked +16% more science questions when conversing with an extrovert voice, which resembled the speech of a
master teacher (e.g., higher volume and pitch, wider pitch range), rather than an introvert voice, although no
differential impact was found on social questions. These findings reveal that conversational interfaces can be
designed that effectively stimulate children during learning activities, thereby supporting the goals of next-
generation educational software.

|. Introduction

An emerging trend in educational software is the incorporation of animated characters, which can provide an
interface design vehicle for engaging children and managing the overall tutorial exchange [5, 7]. When
animated characters are embedded within a conversational interface, they quite naturally can beeotra the

focus of the content exchange as an interlocutor, rather than playing a subsidiary and sometimes distracting
“help-agent” role. As an example, in the course of learning about science, a child could converse directly with
an animated parasite or sea creature to extract information about it. The immediacy of such an interaction could
be designed to facilitate children’'s engagement as “active learners,” in which they seek answers to questions
that they care about as they construct their own understanding of science [4, 8]. Consistecunsiithcivist

view of educational theory, one goal of the present research was to investigate how animated character
technology can be designed to bring out the best in student’s question asking skills.

While past research on animated characters has confirmed their ability to engage and motivate users [2, 3, 5],
it rarely has shown any task-relevant performance enhancement as a function of their presence or specific
design [3]. Likewise, most research on animated character design has focused on rendering them with high-
fidelity graphics and animation, and on the impact of visual embodiment, but has ignored the question of
whetherauditory embodiment also can provide powerful cues that influence user behavior. However, in a recent
study involving web-based book reviews, the TTS voice used for animated characters was found to influence
users’ self-reported book preferences and purchasing behavior [6]. In another web-based study, the presence of
animated agents that actively monitored users’ behavior as they worked was fodecrefise users’
performance and increase their anxiety level [9]. Unfortunately, there are few compelling demonstrations that
animated characters significantly improve users’ learning-oriented behavior in any way during a tutorial
exchange.



Since conversationa interfaces are social in nature, in the present research the voice characteristics of a
“master” teacher were used as a design metaphor for integrating animated characters into an educational
software application. The education literature indicates that students respond with increased attention and on-
task behavior to dynamic and energetic speech [1, 10], extiaverted speech style that is higher in volume
and pitch, and more expanded in pitch range [6, 11]. As a result, we might expect that animated characters
responding in an extroverted voice would be more effective in stimulating children’s learning-oriented behavior,
including their level of spontaneous question asking.

2. Goals of the Study

In the present study, children conversed directly with animated fish usingSHie interface as they learned
about marine biology. This research was designed to:

» Explore whether conversational interaction with animated characters can be engaging for children, as
measured by time spent interacting with the software, quantity of spontaneous question asking, and
children’s self reports

» Determine whether the TTS voice characteristics used for animated characters influence children’s
learning-oriented behavior (e.g., question asking), and what the implications are for designing educational
software

» Assess the overall usability of th&EE! conversational interface prototype

With respect to the second goal, children’s queries were compared when they interacted with animated
characters embodying different TTS voice profiles. In a comparison of introvert versus extrovert voices, it was
predicted that an extrovert voice that shares features in common with master teachers’ speech would be more
effective in stimulating children to ask task-appropriate questions during learning activities. In particular, it was
predicted that children would ask more biology questions when conversing with an extrovert TTS voice
(compared with an introvert voice), although no differential impact would occur for general social-interaction
questions. The long-term goal of this research is the design of effective conversational interfaces, in particular
ones that have a desirable behavioral impact on users for the application being designed.

3. Methods

3.1. Participants, Task, and Procedure

Twenty-four elementary-school children participated in this study as paid volunteers. The group of participants
ranged in age from 7-10 years, and was gender balanced. Participation was conducted at a local elementary
school.

Children participating in the study were introducedrnmersive Science Education for Elementary kids (I
SEE!), which is an application designed to teach children about marine biology, simple data tabulation, and
graphing. The interface permits children to use speech, pen, or multimodal input while conversing with
animated software characters as they learn about marine biology. Figure 1 illustraf@Hhimterface.

During the study, children used the | SEE! application to view and interact with 24 different marine animals
(e.g., octopus, shown in Figure 1). The marine animals were animated and available as “conversational
partners” who could answer questions about themselves using text-to-speech (TTS) output. An animated “Spin
the Dolphin” character, shown in the lower right corner of Figure 1, also was co-present on the screen and
available as a conversational partner. Before starting a session, each child received instructions and practice
with a science teacher on how to useltBEE! interface on a small hand-held computer, shown in Figure 2.

Then the teacher left, and the child spent approximately one hour alone in a quiet classroom conversing with 24
marine animals. The child queried these animals to collect information and build a graph representing
information about them (e.g., “Can this animal change colors rapidly?”). Children also were encouraged to ask
any questions they wished, and to have fun learning new things about the animals. Therefore, children’s
spontaneous conversations with the animals primarily were self-initiated, reflecting their own curiosity and
interests about these marine creatures.



Figure1: | SEE! Interface | Figure 2: Eight-year old boy at school as he asks an
animated marine character questions about itself.

After each session, the science teacher returned to interview the child about the | SEE! interface. Details of
the | SEE! mobile simulation architecture, its performance, and its use in research with children have been
described e sewhere [6].

3.2. Text to Speech

Text-to-speech voices from Lernout and Hauspie’s TTS 3000 were used to convey the animated characters'
spoken output, and were tailored for intelligibility of pronunciation. They included both male and female
American English prototype voices, which were further tailored to represent opposite ends of the introvert-
extrovert personality spectrum as indicated by the speech signal literature [6, 11]. Introvert and extrovert voices
were selected because they are relatively well understood, highly marked paralinguistically, and have been used
in previous research on the design of animated characters. In total, four TTS voices were used in this study: (1)
Male Extrovert (ME), (2) Male Introvert (MI), (3) Female Extrovert (FE), and (4) Female Introvert (FI). Table
1 summarizes these differences in global speech signal features between the introvert and extrovert TTS voices.
Due to pre-loading of system responses, lexical content was controlled in the different TTS voice
conditions. In addition, the TTS voice conditions were counterbalanced across task sets, which controlled for
the visual appearance of different animated characters presented during the study.

3.3. Research Design

The research design for this study was a completely crossed factorial, and the dependent measure was the
number and type of questions asked. The main within-subject factor was (1) Type of TTS Voice (Introvert,
Extrovert). This factor remained constant for the first 16 animals, but switched for the remaining 8 (from I to E,

or E to ). To test the generality of any TTS effects, | and E voices were tested using both male and female
voice prototypes, so (2) TTS Voice Gender (Male, Female) constituted a separate between-subject factor. Other
between-subject factors included (3) Child Gender (Male, Female) and (4) Child Age (Young, Old), which was
categorized using a median split to divide children into a younger (average 8 yrs., 2 mos.) and older (average 9
yrs, 7 mos.) group.

Table 1: Characteristics of the four TTS voice conditions

Mean Mean Utterance Dialogue
TTSVoice Amplitude | Pitch Range Rate Response Latency
Type (dB) (Hz) (syl/sec) (sec)
FE 60 186 5.3 1.65
ME 58 106 5.2 1.65
F 45 71 3.3 3.36
MI 44 58 3.3 3.36




3.4. Data Coding and Analysis

Human-computer interaction was videotaped and conversational interaction transcribed. Children’s
conversations with the animated characters were coded for (1) time to complete activity, (2) number and type of
child questions, and (3) children’s self-report comments about the interface and its ease of use.

3.4.1. Timeto Complete Activity

For all subjects, total time spent engaged withItBEE! interface after practice was measured to the nearest
second.

3.4.2. Number and Type of Salf-Initiated Queries

The number and type of children’s spontaneous queries to the animated characters and Spin the Dolphin were
counted and coded into separate genre types. As described in Table 2, four genres were used to classify the
guestions into the following categories: (1) Biology, (2) Social, (3) Interface help, and (4) Other questions. In
addition, the number of child requests for an animated character to repeat an utterance was counted separately
to assess TTS intelligibility. Child commands, responses to system initiations, and simple acknowledgments
were not coded.

Table2: Description of query genres

Genre Description and Examples
BIOLOGY Questions about biology.

- What kind of marine animal are you?

- How do you defend yourself?
SOCIAL Questions about socia and personal issues.

- What's your name?
- Are you married?
HELP Questions about how to use | SEE!interface.
- How do | stop the movie?
- How do | change the ink color?
OTHER Questions on other miscellaneous issues.

3.4.3. Interview Saf-Reports
Based on post-experimental interviews, children’s appraisal of the interface and its ease of use were
summarized, as were their qualitative comments about the animated characters.

3.4.4. Inter-coder Reliability

In total, 17% of child queries were second-scored by an independent coder for genre classifications, and these
judgments between coders matched over 99% of the time.

1. RESULTS

Approximately 36 hours of videotape data and 3,643 child queries were coded for genre classifications, of
which 3,340 were directed to the animated marine animals, and another 303 to Spin the Dol phin.

4.1. Engagement in Interface and Ease of Use

Even though children were aone in the classroom with no teacher present, they spontaneously asked an
average of 152 queries of the animated marine animals while engaged with the interface. The total questions
asked per child ranged from 71 to 309. During these interactions, children spent an average of 45.9 minutes
engaged in conversation with the animated characters.

In spite of the fact that children were introduced to Spin as a character who could provide them with help
using the computer, less than 0.25% of all children’s queries to either the animated marine characters or to Spin
involved requests for help with the interface, including help constructing graphs. In addition, children rarely



(less than 1% of the time) requested repetition of TTS feedback from the animated characters or Spin, which
confirmed that the TTS was adequately intelligible for the present application.

Based on self-reports collected during post-experimental interviews, 100% of the 24 children gave a positive
assessment of the interface, with 79% reporting that it was “easy to use,” and 96% reporting that they wanted
one to own. Typical qualitative comments included that the computer was “cool,” “fun,” and something they'd
“like to play with all day.” Children’s most common spontaneous comments were that they liked “talking to the
animals” (50%), “being able to write and speak to the computer” (29%), and “being able to get answers to
guestions and learn things” (21%).

In terms of the animated characters, 96% of children assessed them positively, with 83% describing them as
being like “friends” or “teachers” (i.e., rather than parents, strangers, or other). Children’s engagement with the
characters was reflected in the social quality of their conversations. For example, they gave the fish
compliments (e.g., “You sure are pretty”), showed empathy toward them (e.g., “I'd never eat fish”), and
displayed emotional attachment (“I'll miss you, Spin!”).

4.2. Distribution of Question Types

As shown in Table 3, the majority of children’s queries (75%) to the animated marine characters focused on
marine biology factual information. The remaining questions (24%) primarily were social in nature, with only a
small percentage on miscellaneous topics.

Table 3: Distribution of total queries to sea creatures by topic

Genre Occurrences Percent of Corpus
BIOLOGY 2493 74.6
SOCIAL 794 23.8
OTHER 53 1.6
INTERFACE HELP 0 0

Children’s questions to Spin the Dolphin reflected a markedly different question distribution, as shown in Table 4.
When interacting with Spin the Dolphin, the majority (74%) of queries was social in nature, while biology
questions comprised only 15% of their questions to Spin.

Table 4: Distribution of total queries to Spin the Dolphin by topic

Genre Occurrences Per cent of
Corpus
BIOLOGY 45 14.8
SOCIAL 223 73.6
OTHER 28 9.2
INTERFACE HELP 8 2.3

4.3. Impact of TTSVoice Typeon Child Queries

Children asked more questions overall when interacting with animated marine characters embodying the
extrovert TTS voice, compared with the introvert voice (mean 141 vs. 126 questions, respectively). Figure 3
illustrates children’s differential level of question asking when interacting with the introvert and extrovert voices,
broken down into the two main genre types of biology versus social quesfigmsori paired t-tests confirmed

that children asked a greater number of biology questions when conversing with the extrovert voice, rather than
the introvert one (mean 108 and 93 biology queries, respectively), pa2d€iB (df=23), p < .025, one-tailed.

This represented a 16% overall increase in children’s question asking when interacting with the extrovert TTS
voice. Furthermore, the majority of children, or 19 of 24, responded in this manner. In contrast, no significant
difference was found in the level of children’s social queries when interacting with these two voice<ypes,

N.S. Comparisons involving the young vs. old age groups and male vs. female children all confirmed that the
extrovert TTS voice stimulated significantly and selectively more biology queries. Finally, these results
generalized across testing with the male and female TTS voice prototypes.
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Figure 3: Number of biology and socia queries asked by children when interacting
with characters using extrovert versusintrovert TTS voices

5. Discussion

Auditory embodiment alone, independent of an animated character’s visual appearance, can be highly influential
in stimulating users’ behavior in task-appropriate ways. In the present conversational interface, children’s
question asking was substantially affected by the acoustic-prosodic features of the TTS output they heard,
independent of the lexical content. When interacting with the extrovert voice in 8! educational
application, which in many ways represented the rhetorical style of a master teacher [1, 10], children were
stimulated to ask 16% more marine biology questions. In contrast, children’s general social questions were not
differentially affected by the same introvert and extrovert voices. In other words, using an extrovert TTS voice
that was louder, faster, higher in pitch and wider in pitch range hadlegtive impact on children’s
educationally-relevantquestion asking behaviofThe extrovert voice essentially was more successful in
motivating and managing a tutorial exchange. This finding underscores the important role of TTS design in the

success of future conversational interfaces. It also suggests the importance of matching an appropriate TTS voice

to an application domain in order to ensure a desirable impact on user behavior.

The two types of animated characters present in the interface (Spin versus the marine characters) eicited
digtinct question profiles from the children. Whereas the marine creatures, represented through high-fidelity
National Geographic video footage, dicited primarily biology and factual questions, children asked
predominantly socia questions of Spin the Dolphin, an animated cartoon. It is unclear whether this difference
was caused by Spin’s cartoon graphical rendering or to other factors unique to Spin the Dolphin. As the interface
vehicle, Spin the Dolphin appeared throughout the activity, perhaps fostering a social relationship, and also had a
small repertoire of jokes. The unexpected difference in question profiles to Spin and the marine characters
suggests further research into the design of effective visual embodiment, duration of interaction, and dialogue
style to promote educationally-relevant question asking.

As a conversational interface prototypeSEE! was highly intuitive and easy to use, as indicated by the
extremely low rate of child requests for Spin’s help (i.e., 0.25% of all queries). After only brief exposure, young
children were able to converse with the fish to extract large amounts of information about marine biology, and to
construct graphs tabulating data about them. This interface was highly effectirectly engaging young
children and stimulating learning-oriented behavior. When left alone, children spontaneously asked an average of
152 questions of the digital fish, and in some cases over 300 questions. The largest percentage, or 75%, were
marine biology questions. Children’s most common positive comment about the computer was that they liked
“talking to the animals,” which may in part reflect the “immediacy characteristics” of this interface [7], as well as



the sdlf-reinforcing nature of conversation itself. The long-term goal of this research is the design of effective
conversational interfaces, in particular ones that have a task-appropriate behavioral impact on users for the
application being designed.
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