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Sleep problems can impact many children’s wellbeing and development adversely. Treating clinicians often
rely on parents to record their child’s sleep behaviors and experiences in specialized diaries. Earlier studies
have aimed at empowering children to self-report their sleep experiences independently, thereby providing
direct communication with clinicians and reducing parental bias. Digital diaries based on text entry or rating
scales, may not be suitable for young children. We developed Dozzz, a voice-based sleep diary that enables
children to interact with chatbot avatar to report their sleep experiences. In a within-subject experiment
involving 35 children aged eight to twelve, Dozzz was compared to a text-based sleep diary. The results
indicate that Dozzz enhances user experience and engagement, demonstrating the potential of a voice-based
diary for children. Future research should examine sustained and independent use in daily life.

Voice-user interfaces, conversational interfaces, children, sleep diary, self-report

1. INTRODUCTION

Sleep disorders affect many children and ado-
lescents, with a prevalence rate up to 50%
(Danielle Pacheco (2023)). They can be common
and chronic, and they extend beyond nighttime dis-
ruptions, significantly influencing children’s daytime
functioning, development, and overall well-being
(Sivertsen et al. (2009)). To capture the nature and
progression of these problems, as well as environ-
mental influences, healthcare specialists such as
pediatricians, psychiatrists, and psychologists use
sleep diaries. These diaries are designed to survey
to record the child’s sleep-related behaviors and
patterns, including bedtimes, sleep routines related
to going to sleep and waking up (Wiggs and Stores
(1996)), and parasomnias related to watching tele-
vision or media usage (Blader et al. (1997); Brock-
mann et al. (2016)). They also cover nocturnal be-
haviors involving night fears, night walking problems
(Wiggs and Stores (1996); Chervin et al. (1997)),
and daytime behaviors influenced by sleep patterns
(Stein et al. (2001)). Next to reporting on behaviors
connected to sleep, these diaries also involve a
subjective evaluation of each night's sleep (Car-
ney et al. (2012)). Thus, complementing objective
methods like actigraphy and polysomnography (van
Rijssen et al. (2023)), sleep diaries offer a cost-
effective way to gain a comprehensive understanding
of children’s subjective sleep profiles. Commonly,
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parents are tasked with recording the sleep details
of younger children in these diaries. However, previ-
ous research has revealed low correlations between
parental reports and children’s own accounts regard-
ing their behaviors and emotions (Henry (2000)).
This underscores the unique and irreplaceable value
of insights derived from children’s self-reports, em-
phasizing that they should not be replaced by proxy
reports from parents (Riley (2004)).

Despite the benefits of sleep diaries to clinicians
and children, along with evidence suggesting that
young children can effectively communicate various
somatic and psychiatric symptoms, the currently
available sleep diaries do not meet all children’s
needs. Existing sleep diaries, Carney et al. (2012)
and graphical diaries (Vacaretu et al. (2019)), are
primarily designed for adults, and do not meet
the needs of children as users. Children may be
hindered by the phrasing of questions, their ability
to report experiences using numeric scale and
their limited motivation and ability to comply to a
repetitive self-reporting routine. Consequently, the
underdiagnosis of sleep disorders (Chervin et al.
(2003); Lewandowski et al. (2011)) is exacerbated,
as the gradual onset of some sleep disturbances
often goes unnoticed for extended periods without
access to a suitable sleep diary. Recent research in
the field of child-computer interaction has examined
ways to enable children to self-report independently,
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so as to avoid biases of parental report, and
allow children to communicate directly to clinicians
about their sleep (Aarts et al. (2022); van lterson
et al. (2023)). Researchers have proposed digital
diary applications relying on text-entry or rating
scales which may not be suited for young with
limited typing and writing skills and who may
find it difficult to quantify evaluative statements
or their agreement along a numeric scale, as is
done in many questionnaires (Markopoulos et al.
(2021)). Arguably developing self-report instruments
suitable for children, can provide an important
contribution to understanding and treating children’s
sleep problems.

We set out to develop methods that put a limited
cognitive burden (Carney et al. (2012)), while
improving the user experience (Pina et al. (2020)), to
lower the threshold for children’s active participation
in self-reporting with sleep diaries. We argue that
voice-based technologies provide potential to reduce
the barrier of interaction compared with traditional
text-based sleep diaries that involve writing or
typing. Voice-based technologies may offer a faster
and more efficient means of interaction, providing
special benefits for children with limited typing and
writing skills. Furthermore, since much of everyday
interactions with adults is conducted orally (Brown
and Kennedy (2011)), leveraging conversational and
voice-based modes of interaction could lay the
groundwork for a more accessible and child-friendly
design. Such an approach could lead to more
effective and sustained engagement from children
in self-reporting their sleep patterns (Winstone et al.
(2017)).

We arguably self-report on sleep experiences and
sleep related behaviors can be made accessible
to younger children in the form of a spoken
conversation, where children are asked to comment
on their sleep the night before. We expect that
children will be more likely to engage in self-tracking
activities in a casual and friendly conversation
compared to responding to questions using a
form-filling sleep diary as is done with diaries
for adults (Tudor Car et al. (2020)). A voice-
based user interface can alleviate the reading
and editing requirements of current sleep diary
solutions, thus lowering the threshold for self-
report, potentially supporting a sustained use of the
diary (Lewandowski et al. (2011)). With a voice-
based conversational agent that runs on accessible
hardware (smartphones), voice-based sleep diaries
can reach a far greater number of children. This
approach will facilitate access to evaluate children’s
sleep quality and engage them for a sustained period
(Lewandowski et al. (2011)).

To deepen understanding the voice-user interfaces
(VUIs) in sleep diaries for children engaging, we
developed Dozzz, a voice-based chatbot designed
as a sleep diary, incorporating Speech-to-Text and
Text-to-Speech APIs to facilitate voice interactions.
We conducted a within-subject experiment with 35
children aged eight to twelve. Each child interacted
with both types of sleep diaries: the voice-based
Dozzz and the text-based Snoozy (Aarts et al.
(2022)), aiming for a comprehensive understanding
of children’s experience and preferences in relation
to different sleep diaries. The outcomes of the
evaluation demonstrate difference of children’s
performance and engagement in two sleep diaries.
Notably, children exhibited a preference for the voice
version, although certain advantages were observed
with the text alternative. This work contributes to the
field in the following ways:

* Innovative approach to sleep assessment for
children: The implementation of a voice-based
sleep diary represent an innovative method in
capturing and understanding children’s sleep
patterns. It provides valuable insights into the
potential for engaging children consistently in
sleep assessment.

» Comparative analysis of voice and text
input modalities: This work provides an in-
depth understanding of children’s experience
regarding sleep diaries by comparing the voice
and text versions. This comparative analysis
adds a nuanced layer to our understanding
of how different interaction modalities impact
children’s engagement and preferences.

2. RELATED WORK

In this section, our work provides the overview of
sleep assessments for children and reviews prior
studies on the use of voice-user interfaces (VUIs) to
enhance child engagement.

2.1. Sleep Assessment and Sleep Diary for
Children

Healthcare specialists primarily employ two methods
to assess children’s sleep: a) objective measure-
ments, including actigraphy and polysomnography,
and b) subjective measurements, such as sleep
diaries and questionnaires. Polysomnography is con-
sidered the "gold standard” for objectively measur-
ing sleep parameters (Mazza et al. 2020), which
typically necessitates specialized medical equipment
and a collaborative team effort. Compared with
polysomnography, actigraphy presents a more cost-
effective and less time-intensive alternative, and not
requiring the extensive resources or infrastructure.
It employs a non-invasive, wrist-worn device that
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uses movement detection to deduce sleep and wake
cycles '. However, challenges include the lack of
subjective parameters and discomfort associated
with prolonged device wear. The latter impacts chil-
dren’s willingness to be engaged (Schaefer et al.
2014). Another category, the subjective report, relies
on individuals’ subjective recollection of sleep ex-
periences through sleep diaries and questionnaires.
These methods, unlike actigraphy that focuses on
motor activity, are subject to cognitive biases, related
to memory, time estimation, and motivation to recall
sleep parameters (Short et al. 2012). Despite these
concerns, numerous studies have demonstrated the
relatively high accuracy of subjective sleep param-
eters (Mazza et al. 2020). Therefore, it should be
emphasized that objective measurements for chil-
dren’s sleep do not replace subjective measures and
are not equivalent to them, providing a valuable and
accessible perspective on sleep experiences (Mazza
et al. 2020; Mallinson et al. 2019; Short et al. 2012).

When considering subjective measurements for as-
sessing children’s sleep, sleep diaries are valuable
tools compared to sleep questionnaires that are
commonly used in sleep centers. Unlike question-
naires that rely on patients’ recollections over one
week or a month, sleep diaries provide a daily record
of a patient’s subjective experiences, which can help
improve the accuracy of self-report.

Most existing digital sleep diaries (Vacaretu et al.
(2019); Carney et al. (2012)) are primarily designed
for adults. Consequently, clinicians typically rely
on proxy reports from adults for continuous daily
completion. Adults, such as parents, are reliable
informants on concrete and unambiguous issues.
However, they may not always be aware of their
child’s thoughts and emotions (lvens and Rehm
(1988); Barrett et al. (1991); Bird et al. (1992);
Loeber et al. (1989)). In contrast, children’s self-
reports in sleep diaries are argued to be more
valid due to their active engagement in their own
experiences (Sturgess et al. (2002); Riley (2004)).

Digital diaries are increasingly favored for children’s
self-reporting, addressing issues such as the "park-
ing lot syndrome” — the tendency to retrospectively
complete several days’ entries at once, a common
problem with paper diaries (Ibanez et al. 2018). To
facilitate the easy self-reporting and motivate chil-
dren’s engagement, researchers have explored fea-
sibility of sleep diary through storytelling (van lterson
et al. (2023)), as well as chatbot (Aarts et al. (2022)).
However, participants in the evaluation of the chatbot

T Actigraphy. https://stanfordhealthcare.org/
medical-tests/s/sleep-disorder-tests/procedures/
actigraphy.html. Accessed: 2023-12.

(Aarts et al. (2022)), expressed a preference a voice-
based version, suggesting it would be more engag-
ing. Addressing this gap, Dozzz (Chen et al. (2023))
was designed with text-to-speech and speech-to-text
APIs to facilitate a voice conversational interface,
demonstrating the potential feasibility of voice-based
sleep diaries in a small group of children. Despite
these advancements, it remains unclear how voice
input modality affects the feasibility of children’s self-
reporting in sleep diaries. Concerns have also been
raised about the redundancy of certain interactive
actions that do not involve voice interaction, which
could hinder the accessibility of the diaries. Addi-
tionally, there have been suggestions for improve-
ments in the content of conversations. To address
these issues, we propose further enhancements
in interaction design and a deeper exploration of
user experience through technological and systemic
refinements.

2.2. Voice-user Interfaces (VUIs) for Children

Voice-user interfaces (VUIs) offer distinct advan-
tages over text-based methods when catering to
the needs of primary school-aged children (Garg
and Sengupta (2020)). Voice entry offers a time-
saving alternative, particularly beneficial for those
with limited typing or spelling skills, lowering po-
tential barriers associated with text-based interfaces
(Issenman and Jaffer (2004)). Previous research
has illustrated that voice input can make simplify
tasks for children and improve the accessibility. For
instance, Xu and Warschauer demonstrated that
conversations through voice input can lead to more
cognitively and linguistically beneficial interactions
for children (Xu and Warschauer (2020)). Similarly,
TurtleTalk, which employs voice interaction, enabled
children to become more immersed in the game
and understand programming elements with greater
ease and confidence (Jung et al. (2019)). Hence,
we suppose that VUIs emerge as an attractive and
user-friendly option for self-reporting children’s sleep
diaries.

Engaging in playful conversations not only aligns
with children’s interests and fosters an enjoyable
experience (Issenman and Jaffer (2004)), but also
has the potential to enhance engagement in
dialogue and activities. This increased engagement
can lead to children asking more questions and
solving more problems (Tewari and Canny (2014)),
maintaining emotional engagement with open-ended
questions posed by agents (Xu and Warschauer
(2020)), and participating in more learning activities
such as language practice (Chervin et al. (1997);
Mazza et al. (2020)) and reading (Xu and
Warschauer (2020)). Additionally, voice input can
aid children with diagnosed language impairments,
leading to improved performance (Spitale et al.
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(2020)). Despite these benefits, there is insufficient
evidence to suggest that children are more willing
to engage in self-reporting through voice input
compared with text input.

This study aims to enhance the design of the voice-
based sleep diary for children, known as Dozzz,
and to evaluate its feasibility. By comparing Dozzz
with the traditional text-based digital sleep diary—
Snoozy, we intend to uncover the potential benefits
and challenges of implementing VUIs in children’s
sleep diaries. Our research is guided by the following
questions:

1. Can Dozzz accurately recognize children’s
voice? (Transcription accuracy)

2. How do children interact with Dozzz during
conversation? (Turn-taking analysis)

3. What is the user experience of children using
voice-based sleep diaries?(Attitudes)

3. EXPERIMENT MATERIALS
3.1. The Design of Dozzz

The content of Dozzz. Based on Snoozy that
special design for children (Aarts et al. (2022)) (see
Table 1), Dozzz includes about ten questions on
behavoirs that related to children’s sleep patterns.
These questions were based on the Consensus
Sleep Diary (Carney et al. (2012)), a standardizing
prospective sleep self-monitoring, and tailored for
children. This format facilitates gathering sleep data
through daily dialogues with children.

Table 1: The question list in the sleep diary

Questions

Did you sleep well last night?

Do you know why you sleep well?

How are you feeling today?

Did you wake up for a few times last night?

Did you watch a lot of tv or play video games
yesterday?

Are you going to do something nice and exciting
today?

What did you eat and drink before sleeping last
night?

Where do you need to go today?

What have you planned for today?

What is something you like to do?

The Implementation of Voice-based Interface. To
improve the smooth and naturalness of conversation
for young children, Dozzz was improved by using
the Google Cloud Speech-to-Text V1 API instead
of the native voice recognizer on Android platform
in our previous version (Chen et al. (2023)). This

API facilitates a more natural conversation flow
with the streaming recognition (gRPC) for real-time
recognition purpose, enabling seamless switching
between multi-threaded tasks.

Considering the limitations of the sleep diary’s
simplified and static questions, Dozzz improved with
rule-based logic, enhanced by regular expressions
(Regex), to discern keywords from children’s input.
This simpler alternative to complex machine learning
algorithms involves a database of keywords, sorted
into positive and negative sentiment groups. When
a child speaks, the words are converted into text
and matched with these groups to facilitate relevant
and empathetic responses. For example, if a child
answers positively to a question, Dozzz follows
up with an appropriate question from the positive
group, like “Good to hear! How are you feeling
today?” This method, centered on semantic keyword
classification, enables personalized and engaging
dialogues that resonate with each child’s unique
sleep experience. The children’s responses are
seamlessly synchronized and stored as text in
Firebase, as illustrated in Figure 1.

In the interface, an animated character, Dozzz, who
is a duck. children’s responses appear at the bottom
of the interface, adding an interactive and visually
engaging element to the experience.

Conversation Timestamps. To enhance our under-
standing of the reliability of voice-based conver-
sations in Dozzz for young children, a timestamp
mechanism is implemented to record key moments
in the interaction. These timestamps include:

» Starting point of question: This timestamp
marks when a new question begins.

» Ending point of question: This marks the end
of a posed question.

« Starting point of answer: This indicates when a
child begins the response.

* Ending point of answer: This marks the
completion of the child’s answer.

As shown in Figure 2, ‘wait time’ is the interval
between the end of a question and the beginning
of the child’s response. The agent’s questions are
marked in yellow, and the child’s responses in blue.
The start and end of a question are indicated by
black 1 and black 2, respectively, while the start and
end of an answer are marked by purple 1 and purple
2. The wait time is calculated from black 2 to purple
1. This timing is tracked using a webhook fulfillment
in Firebase, aiding in analyzing the conversational
flow and children’s engagement patterns with the
voice-based sleep diary.
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Figure 1: Overview of the data processing procedure.

Figure 2: Conversation timestamps.

For added transparency and flexibility, the configura-
tion files are publicly accessible through the project’s
Github examples repository (Chen (2024)).

3.2. The Text-based Interface — Snoozy

Snoozy, designed by Aarts et al. (2022), is a
chatbot-based sleep diary for children built using the
Landbot platform. Children response to questions by
typing their answers. Figure 3 shows the interfaces
between Dozzz and Snoozy, with Dozzz (the voice-
based interface) on the left and Snoozy (the text-
based interface) on the right. These two sleep
diaries, representing voice-based and text-based
interfaces, will be used as the materials in our
experiment.

3.3. The Usability Scale for Children — SUStory

We redesigned the System Usability Scale (SUS) for
kids into a game-board format called SUStory (Chen
et al. (2024)) to enhance children’s engagement
with the questionnaire and to better reflect their
actual experiences with systems. Specifically, we
crafted two backstories about the two characters
in Dozzz and Snoozy, a duck and snail (Figure 4).
We then integrated the questions from the SUS for
children (Putnam et al. (2020)) into these stories.
Each question was presented in a cloud, symbolizing

Figure 3: The interfaces between Dozzz and Snoozy.

a challenge for children to overcome. The questions
include five options based on the Likert Scale.

To make the process more engaging, we removed
colors from the five options and created colorful
icon cut-out cards. Children could place these
vibrant cards on their chosen selections, effectively
indicating their answers (Figure 5). While the design
is playful, the questions and scales align with the
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Table 2: Subject demographics

Variables Statistics

Gender 14 girls, 21 boys

Age M =9.39 (SD = 1.18)

Nationalities  Netherlands (15), Indian (7), Romanian
(3), ltalian (2),

Japanese (2), Chinese (2), Vietnam (1),
Kazakhstan (1)

standard SUS for kids (Putnam et al. (2020)).
This approach aims to provide a more engaging
and child-friendly assessment, leveraging the story
context and the visual appeal of the chatbot
characters.

Figure 4: The usability scale for children

4. EXPERIMENT

To evaluate the voice-based self-report interface,
we conducted an experiment comparing it to the
text-based Snoozy. This was with a 1x2 within-
subject experiment with the interaction technique as
the within-subjects independent variable having two
levels: text-based and voice-based. Our assessment
focused on two key aspects: the efficacy of the voice-
based conversation and the overall user experience
of the sleep diary. We set out to compare the user
experience of each interactive sleep diary, and the
children’s preferences regarding the user interface.

4.1. Participants Demographics and
Recruitment Process

We recruited 35 children aged eight to twelve,
including 14 girls and 21 boys, for our study, mainly
from a public library and local primary schools (Table
2). The recruitment process involved providing
parents with information two weeks in advance, and
all parents who agree with participation signed a
consent form. The university’s Ethical Review Board
approved the study.

4.2. Procedure

The study was conducted in a separate room in our
department. The experiment occurred in November
2023. Each experiment comprised three sessions, in
total lasting thirty minutes. It was conducted on a
one-on-one basis with a child and a researcher. A
camera and an audio recorder were used to record

children’s behavior. The experiment sessions were
structured as follows:

4.2.1. Session 1: Pre-Assessment.

In the first session, after completing consent forms
with parents and participants, the participant was
leaded to a separated room and introduced the
study’s purpose and structure. We then taught them
how to use the chatbot, guiding them until they could
independently complete the self-reporting task.

4.2.2. Session 2: User Test and Assessment.

Each child engaged with these two sleep diaries,
Dozzz and Snoozy, completing SUStory after each
interaction. This meant that every participant com-
pleted two sleep diaries and two sets of question-
naires. To minimize potential counterbalance effects,
the order in which they tested the diaries was ran-
domized.

4.2.3. Session 3: Post-Assessment.

A semi-structured interview assessed general
preferences in terms of perceptions such as
ease of use, attractiveness, efficiency, creativity,
dependability, and stimulation, by comparing Dozzz
with Snoozy.

5. MEASURES
5.1. Transcription accuracy

To evaluate the conversational efficiency of Dozzz,
we used the transcription accuracy evaluation
method as described by Park (Park et al. (2008)),
which suggested that the word error rate (WER) is
the primary metric for evaluating the precision of
speech recognition. As shown in Equation 1.

WER = izn:lWERui%‘Ti (1)
u=1 i=

In this equation, WER,,, represents the individual
word error rate for each utterance, where ¢ ¢

{1,...,n}, and n is the total number of utterances.
L,, denotes the number of words in a given
utterance, where v € {1,...,m}, and m is the

total number of participants. L is the total number
of words (TNW) in the entire transcription. WER,,
for each utterance is calculated by summing the
number of insertions, substitutions, and deletions,
then dividing by the TNW, comparing the transcript
with the actual recordings.

In practice, a child responds to questions from
Dozzz, and these answers are converted to text
and stored in the Firebase. Simultaneously, a voice
recorder captures the child’s actual voice responses
as the baseline. WER is then calculated for each
response using Equation 1.
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Figure 5: The question in SUStory

5.2. Turn-taking Analysis

Effective conversation relies on a smooth transition
from one speaker to the next, without excessively
long pauses between turns (O’Connell et al. 1990).
In our analysis of the interactions between children
and Dozzz, we observed that children tend to
pause slightly longer before answering certain
questions compared to others. These pauses are
significant in understanding interactive behaviors
and emotions, as hesitations or moments of silence
in a conversation can indicate a lack of confidence
or signal potential misunderstandings (Park et al.
2008).

To gain a deeper insight into the children’s
conversational performance, we concentrated on
analyzing the "wait time” — the duration before a
child began to respond to Dozzz’s questions during
the turn-taking procedure (Sari 2020). This focus
allowed us to further explore how children engage in
and manage the flow of conversation with the voice-
based sleep diary.

5.3. Preference and Attitude

We analyze children’s preference through calculating
the result in SUStory for Dozzz and Snoozy, based
on the System Usability Scale adapted for children
(Putnam et al. (2020); Lewis (2018)). Additionally, we
conducted semi-structured interviews with children,
asking about the usefulness and enjoyment of using
Dozzz and Snoozy. The interviews focus on six
aspects: efficiency, attractiveness, creativity, ease of
use, dependability, and stimulation. For analysis, we
used thematic analysis (Clarke and Braun (2013))
with several stages (Miles and Huberman (1994)),
including codebook development with 108 initial
codes, discussion and refinement to 98 codes,
independent coding with NVIVO for consistency,
convergence meetings resulting in four themes and
91 agreed-upon codes, and an inter-rater reliability
check that confirmed a 91.42% consistency in
coding.

This process provides a comprehensive understand-
ing of children’s perspectives, allowing us to identify
key themes and patterns in their interactions with

both the voice-based and text-based chatbots in the
context of the sleep diaries.

6. RESULTS
6.1. Data processing

All 35 children participated in the user test,
but two children, one with dyslexia and another
with autism, required the experimenter’s assistance
rather than completed tasks independently. To
minimize potential bias, we chose to exclude their
data, resulting in data from 33 participants being
analyzed.

6.2. The Transcription Accuracy of Dozzz is
Acceptable for Children

In the data collected from the sleep diary, for a
more detailed conversational analysis, we classified
each of the ten questions and the corresponding
child's answer as one Turn Constructional Unit
(TCU) (Goodwin and Heritage 1990). This implies
that the conversation comprised a total of ten
TCUs. The analysis involves comparing voice
recordings with the corresponding transcript data
from the backend platform by the speech-to-text
transformation. It calculates the TNW and Error
Number of Words (ENW) for each question. As
shown in the left side of Figure6, open-ended
questions (Q3, Q7, Q8, Q9, and Q10) prompted
notably longer and more detailed responses from the
children, with TNW values consistently exceeding
3. This indicated a willingness among children to
engage in more extended conversations, particularly
when responding to questions that allowed for
expressive answers. The TNW in each TCU enables
the calculation of the WER using Equation1 to
evaluate transcription accuracy. Both the global
WER and the question-specific WER for each TCU
were found to be under 0.2 (Table 3), suggesting
an acceptable level of efficiency in the conversation
(eric urban (2023)) (The WER under 20% is
considered acceptable).

Furthermore, the study focuses also on TCU —
categorizing them into ‘'Wh-group’ for open-ended
questions and 'Yes-no group’ for yes/no questions.
The examination of WER distribution between these
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groups revealed intriguing insights. The findings
indicated that the WER in the ‘Wh- group’, was lower
(M = 0.068,SD = 1.17) compared to the WER in
the “Yes-no group’ (M = 0.11,SD = 0.32) (The
right side of Figure 6). This difference is significant
when examined using a one-way, within-subject AN,
revealing a significant effect of question types in two
groups on the WER. This suggests a relatively higher
accuracy (M = 0.932,SD = 1.17) in transcribing
responses to open-ended questions than to close-
ended questions (M = 0.89,5D = 0.32). Notably,
the recognition error patterns differ between the
two groups. In the ‘Wh- group’, where open-ended
questions prompted more extensive responses, the
primary issue lies in word substitution, for example,
“go to school” is replaced to “go to scan”. On the
other hand, the ‘Yes-no group’, featuring simpler
yes/no questions, exhibited word deletion as the
primary error, for example, “yes, | have time” is
deleted “yes”.

6.3. Children Engaged in Conversation with
Dozzz actively

To explore the difference in wait time between the
two question types, we calculated the mean wait
time for each question (Figure 7 (left side)). From the
mean wait time for each question, we can discern
the contrast between the two types more clearly. The
analysis discerned distinct patterns between open-
ended questions ("Wh-group’) and closed questions
('Yes-no group’). Figure 7 shows the difference in
wait time between these two groups of questions.
Results indicate that the mean wait time of 33
participants in the 'Wh-group’ (M = 3.69s,SD =
5.21) was significantly longer than the wait time in the
Yes-no group’ (M = 2.21s,SD = 4.12). A one-way
ANOVA revealed a significant effect of the question
types on test wait time, F'(2,64) = 5.16,p < —0.001.
The effect size, eta square (n?), was 0.29, indicating
a larger effect.

This difference suggests that children exhibited
less confidence and faced bigger challenges when
dealing with open-ended questions (Kroeger and
Thuesen 2013). For instance, when Dozzz asked
an open question like "What do you want to do
today? (Q9)”, children would spend an extended
time contemplating or looking at their parents for
suggestions. The wait time was significantly longer
when children answered “What did you eat and
drink? (Q8)” compared to “Did you watch a lot of TV
or play video games? (Q4)”.

6.4. Usability Assessment for Sleep Diaries

The results of the SUS for kids highlight notice-
able differences between the experiment condition
(Dozzz) and the control condition (Snoozy). Figure 8

depicts the distribution of scores, revealing substan-
tial differences.

In terms of the standardization of overall usability,
Dozzz demonstrated superior performance (M =
81.75,SD = 8.84) compared to Snoozy (M =
73.17, 5D = 12.08). A statistical analysis using one-
way ANOVA, F'(2,64) = 2.77,p < 0.05, within an eta
squared (n?) = 0.11, highlighted a significant effect of
the interactive method on usability. While the upper
limits (maximum values) in both types of sleep diary
did not differ significantly, the lower limit (minimum
value) with Dozzz was higher than that with Snoozy.
This suggests a more favorable and consistent
perception of usability with Dozzz compared to
Snoozy among the participants. Furthermore, we
analyzed individual subject responses.

6.5. Children’s Attitudinal Perception with Sleep
Diaries

Our study’s semi-structured interviews revealed chil-
dren’s attitudes towards Dozzz and Snoozy, focusing
on six aspects: efficiency, attractiveness, creativity,
ease of use, dependability, and stimulation. Out of 33
children, 72% (24) preferred Dozzz, 18% (6) favored
Snoozy, and the remaining had no clear preference.
Table 4 details the user experience metrics for both
options across these factors and overall preference.

To further understand the underlying reason for their
preference, we asked the children to explain why
they thought that in the semi-structured interview.
Subsequently, we conducted a thematic analysis
of the interview content to uncover underlying
patterns. Four children expressed a preference for
Snoozy over Dozzz due to its dependability, as
Snoozy allows them to edit or modify their input
(C4, C10, C30, C33). This limitation in the voice-
based interface seems to hinder the flexibility and
control that children desire over their responses.
One child explained, “If you typed something wrong,
you could also remove it and then type again
(C33).” It shows that children expected a sense of
control over the activities (Hourcade (2015)). Four
children appreciated the text version’s capability
to edit the content they input. It allowed them to
ensure accuracy and provided a greater sense of
autonomy. Seven children explained their preference
for efficiency also based on this reason (C4,
Ce6, C10, C17, C18, C22, C30). Additionally, the
activation time of Dozzz is longer than Snoozy
because the Speech-to-text APls are more time-
consuming threads tasks. Children may feel that
Dozzz responds slower than Snoozy.

When we inquired about what made Dozzz
more appealing than Snoozy, several children
highlighted specific features that attracted them.
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Figure 6: The Mean Number of Words and the Word Error Rate (WER).

Table 3: The WER for Each Question and the Global WER. WER,, represents the global word error rate. v € {1,...,m}

indicates the word error rate in each TCU.

WER, WER; WER. WER; WER,

WER;

WER; WER; WERs WERy; WER;,

0.12 0.13 0.11 0.12 0.12

0.06

0.10 0.16 0.09 0.11 0.12

Table 4: User experience metrics with Dozzz and Snoozy.

Dozzz  Snoozy No
preference
Ease of use 84.85% 9.09% 6.06%
Attractiveness 63.64% 24.24% 12.12%
Efficiency 33.33% 54.54% 12.12%
Creativity 64.64%  33.33% 3.03%
Dependability 45.45%  48.48% 6.06%
Stimulation 72.73%  24.24% 3.03%
General preference  72.73%  18.19% 9.09%

Three participants (C4, C6, C11) were drawn to
the engaging character imagery and animations
within the interface. One child said, “I like the
duck, and it can move (C4)”. Additionally, the voice
feature of Dozzz captivated five children (C3, C8,
C13, C29, C31). For instance, one child shared,
“It sounds like Google every time. | like to play
with Google (C31)”. Furthermore, two children (C7,
C15) expressed that they simply found the act of
speaking to be enjoyable. C7 explained, “I think
speaking is fun because | don't need to use my
fingers”. These responses suggest that the visual
and auditory elements of Dozzz, along with the ease
of voice interaction, contributed significantly to its
appeal among the children.

Regarding their willingness to use Dozzz every
day, 24 of them expressed they would like to play
with it continuously, but they also proposed some
improvements. For example, C1, C9, and C13 hoped
the content could be different every day, saying, I

hope the conversation can be different (C9).” This
seems an important observation as it is known that
children’s interest and engagement may decline over
time, even if they are initially excited about an activity
(Ingram and Elliott (2014)). Dynamic conversations
with personalization can present a potential solution
to sustain their interest. Additionally, two children
mentioned a desire for social interactions, hoping to
engage in similar activities with their peers (C13 and
C26), and expressed the need to play with peers
together. “If my friends can do the same thing with
me, | like to use it every day (C13).” Incorporating
social elements is an interesting possibility as social
interaction has been shown to enhance children’s
engagement (Fernaeus et al. (2010); Schneider
(2010)).

7. DISCUSSION

The results of our evaluation indicated that Dozzz
effectively engaged children in interaction with the
voice conversational agent during self-reporting. Our
qualitative analysis shed light on the children’s
preferences for voice user interfaces (VUIs) in
sleep diaries, as well as the potential challenges
associated with their use. In this section, we
explore the design considerations that informed the
development of Dozzz. We reflect on insights gained
from our experiments, discuss the interface design
tailored specifically for children, and address the
limitations of our study along with potential directions
for future research.
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Figure 7: Wait time analysis for each question and question groups.

Figure 8: Comparative analysis of SUS scores between
Snoozy and Dozzz

7.1. Design Considerations

Throughout the design and implementation of
Dozzz, we integrated additional features, to explore
voice interfaces for self-reporting and create a
more personalized conversation experience for the
children.

7.1.1. Designing Voice-Based Interaction

Voice interfaces offer a unique advantage in
presenting complex or abstract content without
necessitating literacy skills. A simple and uncluttered
interface minimizes distractions, thereby helping
children maintain focus on the task at hand (Chiong
and Deloache (2013)). In our approach, we opted
to move away from visual symbolic representations
to convey ideas. Instead, we demonstrated the
feasibility and effectiveness of guiding children to
through sleep reporting via speech, employing just-
in-time dialogues. This method suggests that a
combination of sound and images could be a more
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suitable medium for communication with children
than written text (Oakes et al. 2009).

The interactive and playful nature of engaging
in voice-based conversations by allowing direct
speaking with chatbot aligns well with the interests
and capacities of children at their age (Markopoulos
et al. 2008; Xu et al. 2021). Additionally, the voice-
based interface does not require accurate motor
skills on a touchscreen, which may be difficult for
children. The results showed that most children
(73%, 24/33) expressed a preference for the voice-
based interface, with a positive experience.

However, some children also expressed a preference
for the text-based sleep diary in specific scenarios,
such as classrooms or public places where
quietness is required (Mirvis 1991). It's important
to note that a child’s reluctance to speak can
be influenced by their mood or emotional state
(Anthony 2019), underscoring the significance of
situational factors in shaping children’s preferences.
This aspect was evident in our study, where we
observed that children sometimes provided an
invalid or unintended input during the interaction with
the chatbot. In such instances, they expressed a
desire to revisit and correct their previous response,
which allowed them to edit their inputs. This finding
suggests that children value having a sense of
control over their interactions (Hourcade 2015),
highlighting an area for potential enhancement in
voice-based interfaces.

Considering these insights, a multi-modal interaction
with the sleep diary seems preferable, with some
redundancy allowing children to self-report through
either typing or speaking could offer flexibility while
mitigating the disadvantages associated with the
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voice version. Another option is for the voice-
based conversation to roll back, enabling children
to change their earlier responses, and addressing
concerns related to accuracy and control. These
considerations respond to the need to design
child-friendly interfaces that consider individual
differences and contextual factors.

7.1.2. Supporting Personalization

Responding to the answers to children empatheti-
cally was another important decision when design-
ing Dozzz, recognizing the importance of creating
a supportive and friendly conversation for children
(Fu et al. 2022). Understanding that humans extend
their emotions to software systems based on their
responses (Casas et al. 2021), a conversational
interface should depart from traditional sleep diaries,
which often rely on rigid and static question-based
structures (Vacaretu et al. 2019; Carney et al. 2012).
Instead, Dozzz maintains a warm and empathetic
tone in response to children’s answers, fostering a
kind and understanding interaction. Furthermore, we
intentionally designed Dozzz to personalized engage
in conversations by addressing the child and Dozzz
itself by their own name, aligning with children’s
preferences (Yarosh et al. 2018). Unlike formulaic
questioning processes found in traditional diaries, we
encourage an introductory approach where Dozzz
introduces itself to children, remembers their names,
and addresses them by name when posing follow-up
questions. This design choice aims to enhance the
intimate relationship between children and the agent.
Finally, to address potential language issues aris-
ing from children’s speech characteristics, including
limited vocabulary, atypical pitch, pronunciation, and
syntax errors (Druga et al. 2017; Vance et al. 2005),
we incorporated a feature that kindly rephrases
previous questions in cases of misunderstanding.
This serves to reduce misunderstanding during the
conversation, contributing to a more inclusive user
experience.

7.1.3. Dozzz as a Conversational Partner

Our study indicates a clear preference among
children for interactions that resemble real human-
like conversations with the sleep diary. In response
to this preference, we have evolved the interface of
Dozzz to support a more immersive conversational
experience. This was achieved by transitioning from
button-controlled speech input to a free-speaking,
turn-taking style. Such an approach enables Dozzz
to more closely emulate the dynamics of a
conversation with a human-like partner.

Additionally, we enhanced the interface with visual
feedback elements that correspond to children’s
speech. This includes animations of Dozzz char-
acters and dynamic fluctuations of speaking dots,
which visually represent the system’s attractiveness
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to children’s speech input. These visual cues not
only add to the engagement factor but also reinforce
the perception of Dozzz as an active, responsive
participant in the conversation.

7.2. Towards sustained engagement with
Conversational Sleep Diaries

Following the evaluation of Dozzz, our future focus
is on exploring how it can effectively support
children in continuously self-reporting their sleep
experiences over extended periods. This study has
highlighted several design considerations crucial for
developing conversational dynamics that foster long-
term engagement with the sleep diary (Chubb et al.
2022).

Our envisioned scenario involves children partici-
pating in engaging, daily conversations with Dozzz.
In this setting, Dozzz would extend its role beyond
simply asking questions to collect information. It
would provide relevant feedback, respond to the
children’s queries, and engage them in a supportive
and interactive dialogue. Dozzz aims to act as a com-
panionable entity, encouraging children to openly
discuss their sleep patterns. By tailoring conver-
sations to individual preferences and promoting a
natural, flowing dialogue, Dozzz could significantly
enhance the experience of tracking and discussing
sleep, thereby encouraging sustained use.

Clinicians typically require patients to keep a sleep
diary for one or two weeks. This allows them
to observe the daily routine which may be very
dependent on the weekly schedule. Thus, future
work should evaluate the usage of Dozzz in
context, for such a longer duration and examine
whether it helps to capture reliably children’s sleep
quality experience and sleep-related behaviours
over time. Additionally, while our observations
indicated children’s certain level of acceptance
towards voice-based sleep diaries, there was not
sufficient evidence regarding the suitability of this
technology in various contexts. Questions remain,
such as whether it is an ideal choice for moments
upon waking, during the night, or even when
children are engaged in playing with friends. The
other limitation is that most of the children in the
current study had no sleep problems. The study
is more for investigating the feasibility of a voice-
based sleep diary, than for comprehensive insights
into longitudinal engagement and adherence with
children with and without sleep disorders. This
should be addressed in the next longitudinal study.
Therefore, further exploration with Dozzz, the voice-
based sleep diary, is needed to investigate the
conditions and situations that children encounter in
their daily lives for an extended duration.
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We observed that approximately half of the children
were entirely new to smartphones during the
experiment, often due to parental restrictions on
smartphone usage. These restrictions stem from
concerns related to smartphone addiction observed
in children and adolescents, including physical and
psychological problems associated with excessive
use and difficulties in performing daily activities, as
reported in various studies (Haug et al. 2015; Lopez-
Fernandez et al. 2014; Virzi 1992; Hill et al. 2006).
Recognizing these concerns, we plan to explore
other smart devices that parents may find more
acceptable for use by their children. This includes
devices like smart speakers, watches, and smart
toys designed for children, offering varied options
for voice-based interaction that could potentially
address concerns related to excessive smartphone
use.

8. CONCLUSION

We introduced Dozzz, a voice-based sleep diary
utilizing Speech-to-Text APIs to empower children
in self-reporting sleep-related behaviors and expe-
riences. Our analysis conducted through a within-
subject experiment, comparing two different input
modalities— voice and text— in sleep diaries. The
study involved 35 participants aged eight to twelve.
We presented (1) our design of voice-based sleep
diary, and (2) the result of an evaluation demonstrat-
ing Dozzz’s effectiveness and user experience in a
controlled experiment by comparing it with a text-
based sleep diary.

Dozzz’s voice-based chatbot interface for sleep di-
aries effectively engaged children and was perceived
as more user-friendly for ongoing sleep experience
reporting than text-based options. Our findings high-
light the substantial potential of voice-based chat-
bot interactions in maintaining children’s interest in
documenting their sleep patterns. This innovative
approach demonstrated the effectiveness of voice-
based interfaces in sleep sampling, suggesting sig-
nificant benefits for both user engagement and data
accuracy in children’s sleep health assessment.
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