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ABSTRACT

Voice-based Conversational Agents (CAs) are increasingly being
used by children. Through a review of 38 research papers, this work
maps trends, themes, and methods of empirical research on children
and CAs in HCI research over the last decade. A thematic analysis
of the research found that work in this domain focuses on seven
key topics: ascribing human-like qualities to CAs, CAs’ support of
children’s learning, the use and role of CAs in the home and family
context, CAs’ support of children’s play, children’s storytelling with
CA, issues concerning the collection of information revealed by
CAs, and CAs designed for children with differing abilities. Based
on our findings, we identify the needs to account for children’s
intersectional identities and linguistic and cultural diversity and the-
ories from multiple disciples in the design of CAs, develop heuristics
for child-centric interaction with CAs, to investigate implications
of CAs on social cognition and interpersonal relationships, and
to examine and design for multi-party interactions with CAs for
different domains and contexts.
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1 INTRODUCTION

Recent advancements in speech technology have made the use of
voice assistants like Amazon’s Alexa, Apple’s Siri, and Google’s
Google Assistant more commonplace [27, 52, 102, 109]. Voice-based
technologies, often called “conversational AI”, “dialogue systems”,
“virtual assistants” or “conversational agents” [80, 99, 109], have
increasingly been adopted by children. Voice-based Conversational
Agents (CAs) are used by children for a range of purposes, including
to conduct small talk or express emotions [52], to support learning
and reading [51, 148], and to foster communication with other
children and other members of the household [13, 125].
Designing CAs for children presents several challenges. For in-
stance, rather than being static, children’s needs and preferences
change as they move through different stages of cognitive develop-
ment [96]. Compared to those of adults, their interactions with CAs
also are more difficult because of less precise articulation, a more
limited vocabulary, and fewer strategies for modifying and adapting
their language [15, 52]. Systematic and summative reviews in HCI
and related fields have provided researchers with a clear mapping
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of trends, research gaps, and outstanding challenges in the recent
rapid growth of topics such as speech interfaces (e.g., [33, 37, 41])
in support of directions for future research. Although it is clear
that there are specific challenges to researching and designing CAs
for children, with research focusing on various aspects of design
and development over the last decade, there is no clear mapping
or synthesis of themes and challenges in this area. Our work aims
to fill this gap by providing a comprehensive systematic review
of the child-related CA literature over the last decade, identifying
key themes and trends. Furthermore, we use these insights to in-
form suggestions on directions for future research. In particular,
we aimed to answer two key questions:

RQ1: What is the current state of HCI research on children
and voice-based CAs?

RQ2: What research areas relating to children and voice-based
CAs should be addressed in the future studies in this domain?

Our review identified 38 relevant articles published over the
past decade. In this review, we identify the seven salient themes,
such as (1) the use and role of CAs in the context of home and
family, (2) supporting children’s learning with CAs, (3) ascribing
human-like qualities to CAs, and (4) CAs for children with differing
abilities. Our analysis further revealed that over the last decade the
research has been overwhelmingly done in the Global North, and
only a minority of papers have focused on teenagers, specifically
older teens (15- to 17-year-olds). With respect to future research
agendas, our findings highlight immediate opportunities for work
that focuses on diversifying participants and methods, designing
multi-party interactions and culturally informed CAs, examining
ethical challenges that emerge as children engage with CAs, and
supporting the children through CAs in contexts such as mental
well-being, online-safety, and games.

2 RELATED WORK

Before turning to our own study, we examine (1) how the HCI field
has framed CAs and (2) previous literature reviews focusing on
CAs in HCL.

2.1 Conversational Agents in HCI Research

Conversational agents (CAs) are systems capable of engaging in
dialogue with users [73, 139, 143]. This definition includes both
text-based and speech- or voice-based modalities for input and
output. For voice-based CAs, the key components include the use
of automatic speech recognition (ASR) and natural language un-
derstanding (NLU) components to recognize the intent of a user
in response to commands, dialogue management to monitor the
dialogue state, dialogue history, and the capability to select an ap-
propriate dialogue action based on these elements. Language output
is generated by a language generation component (NLG), which
is then converted to speech using text-to-speech synthesis (TTS)
components (further details can be found in [62, 112]). Text-based
chatbots are similar in their design, yet do not include ASR and
TTS components but instead use text as the primary modality of
input and output.

In this paper, we use the term “conversational agent” to encom-
pass both embodied and non-embodied CAs, which can be found
in screen-based interfaces and in speakers that users can interact
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with through spoken utterances. While robots have verbal com-
munication abilities similar to those of CAs, their affordances and
capabilities are vastly different (e.g., physical movement, non-verbal
expressions), which leads to the complication of speech by other
factors. For example, children might personify the embodied voice
interfaces such as a robot more as compared to non-embodied CAs.
Since we do not currently understand the difference or if there
is a difference, we took a conservative approach and focused our
analysis on non-embodied CAs.

Therefore, we do not include robots in our use of the term CA-an
approach followed as well by prior literature reviews on the state
of speech in HCI research [27].

2.2 Related Systematic Literature Reviews of
HCI Research

Systematic literature reviews (SLRs) aim to synthesize and summa-
rize the findings on a research topic (e.g., [18, 27, 33, 66, 77, 116]).
More specifically, SLRs serve as a tool that enables researchers
to identify open research questions in a field and justify future
research in specific areas [75]. Summaries of previous research
generated through SLRs also help to inform funders wishing to
support new research [22] and help editors judge the merits of
publishing new studies [153]. SLRs also provide valuable insights
for researchers into methods, findings, authors, and publication
venues in specific fields [128]. While some researchers produce
broad-ranging literature reviews using databases like ACM Digital
Library (e.g., [37]), others search specifically through sub-fields and
venues such as HCI, CSCW, and UbiComp (e.g., [46]). For this study,
we followed the latter approach to understand the state of research
on children’s interactions with CAs in the field of HCI. We followed
the SLR approach as suggested by Pittaway et al. [97], enabled us to
identify existing gaps in the research field and to make suggestions
for addressing them.

Recently, two systematic reviews of CAs in HCI research have
been published. Rheu et al. [109] conducted a systematic review of
29 experimental studies that investigated the effects of CAs’ and
users’ characteristics on trust. Their article search was conducted in
the ACM Digital Library and Web of Science databases for articles
published between 2000 and 2019; it found five key design themes
that influenced users’ trust: the “social intelligence of the agent,
voice characteristics and communication style, look of the agent,
non-verbal communication, and performance quality” [109]. The
review highlighted the responsibility of designers to respond to
stereotypes and the building of social norms in their work. With
the aim of mapping trends, themes, and challenges within speech-
based research in HCI, Clark et al. [27] conducted a systematic
review of 99 articles across a range of HCI publication venues,
focusing on non-embodied CAs. Searching the ACM Digital Li-
brary and the ProQuest and Scopus databases—an approach that we
also follow in this paper—the work found that speech research in
HCI, although fragmented, tends to coalesce around nine key top-
ics: system speech production, modality comparison, user speech
production, assistive technology and accessibility, design insights,
experiences with interactive voice response (IVR) systems, the use
of speech technology for development, people’s experiences with
intelligent personal assistants (IPAs), and the ways user memory
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voice system, human system dialog™, spoken dialog system, natural language dialog™ system, human computer dialog”, speech interface, intelligent
personal assistant, spoken human machine interaction, conversational agent, natural language interface, conversational interface, conversational
system, automated dialog™ system, voice interface, interactive voice response system, conversational dialog™ system, human machine dialog”, voice
user interface, embodied conversational agent, voice assistant, personal voice assistant, personal voice agent, smart speaker, chatbot, conversational
agent, conversational user interface, virtual agent, personal voice assistant, personal voice agent, smart speaker, voice system, digital home
assistant, alexa, google home, siri

Figure 1: Selected technology-specific keywords, with asterisks (*) denoting truncation to account for alternative spellings,

e.g., dialog versus dialogue.

child”, teen”, preschooler, infant, kid, tween, family, toddler

Figure 2: Selected children-specific keywords, with asterisks
(*) denoting truncation to account for alternative spellings,
e.g., teen versus teenager.

affects speech interface interaction. From their analysis, the authors
identified key challenges within the field, including the need to
reach critical mass on a consideration of these themes, increase
design-based insights, develop core theories for speech-based inter-
action, and broaden the scope of users and contexts within speech
system research [27].

Though theirs is not technically a literature review, Xu and
Warschauer [147] reviewed 535 voice apps on the market that sup-
port early literacy development, based on a framework of factors
(i.e., learning content and goals, interactions and gamifications, and
conversation design) that can influence the educational benefits
young children receive from voice-based apps. They found that
the apps covered a wide range of learning activities and that the
majority used storytelling as a strategy. While almost half lacked
ongoing interactions, the apps which did include them were in-
teractive and included aspects of gamification to increase playful-
ness. Most utilized multiple-choice prompts rather than open-ended
prompts. Finally, while many of the apps provided feedback based
on users’/children’s responses, the quality of the feedback varied,
as very few apps provided elaborate feedback, adopted strategies
to prevent conversation breakdown, or scaffolded interactions to
ease children’s learning and communication.

2.3 Research Aims and Contribution

While research on children’s interactions with CAs has grown over
the past decade, there remains a gap in current systematic reviews,
in that they do not directly address or identify specific work related
to this area. Our work contributes by reviewing the state of current
research on CAs and children, identifying key themes, methods,
and publication trends. Based on this investigation, we identify core
challenges to be addressed by future research on child-based CA
interactions.

3 METHOD

To address the research questions, we conducted a systematic re-
view of the HCI literature on the topic of speech and voice tech-
nologies specific to children within the past decade (2011-2020).
Our review process followed the method suggested by Pittaway

et al. [97] and covers a decade of research, in line with other re-
cent literature reviews (e.g. [66, 106]). In addition, this time period
was selected because of the increased commercial availability of
conversational agents in phones and Internet of Things (IoT) de-
vices [123, 135] during these years, which has made the study of
user interaction with these technologies increasingly important.

3.1 Search Procedure

In February 2020, following the lead of a recent systematic review
of the HCI literature regarding speech interfaces [27], we searched
for relevant publications in February 2020 in the ACM Digital Li-
brary (ACM DL) and the ProQuest (PQ) and Scopus (SP) databases.
We also restricted our search to core HCI venues as indicated by
Google Scholar, Thomson Reuters, and Scimago journal rankings.
Our initial list of relevant keywords for the search was taken from
the literature review conducted by Clark et al. [27]. The author team
collaboratively expanded on and refined this list after reviewing
author-defined keywords and additional terms that appeared in
abstracts of the relevant literature. The final set of keywords that
served as seeds for our final search are listed in Figure 1. As we
focused on children’s interaction with voice technologies, we also
added terms pertaining to children, such as child, teen, infant, and
kid (see Figure 2). The keywords were searched as exact phrases or
modified to account for plural forms (e.g., teen/teens) or variation
in spellings (e.g., dialogue/dialog, teen/teenager), depending on the
database. The individual search strings in Figures 1 and 2 were
combined using the Boolean operator OR and then the two final
strings of terms were joined with the Boolean operator AND. The
final search string was as follows:

((“voice system” OR “intelligent personal assistant”....<keywords
shown in Figure 1>) AND (“teen” OR “child”...<keywords
shown in Figure 2>))

3.2 Inclusion and Exclusion Criteria

Searches were limited to publication keywords and terms appearing
in titles and abstracts in journal articles and conference papers.
This yielded 7,800 papers (ACM DL=6,789, PQ=106, SP=905). After
removing duplicates, we had 1,311 unique entries (ACM DL=998,
PQ=13, SP=300).

Several inclusion and exclusion criteria were employed to filter
the papers further. Inclusions consisted of papers that fulfilled the
following criteria; they had to be (1) full papers written in English
that were published in conference proceedings and journals in the
last ten years (2011 to 2020) (Notes from both CHI and IDC were
included because of their similarity in status); (2) papers primarily
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Table 1: Publication count by year and venue
Venue 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 | Total
Computer Speech and Language 1 1
Computers in Human Behavior 1 1
Conference on Human Factors in Computing Systems 1 1 2 1 3 5 13
(CHI)
Designing Interactive Systems (DIS) 1 1 2
Interaction Design and Children (IDC) 1 2 2 2 3 10
Interactive, Mobile, Wearable and Ubiquitous Technologies 1 2 3
(IMWUT)
International Conference on Multimodal Interaction 1 1
(ICMI)
International Journal of Child-Computer Interaction 1 1
INTERSPEECH 1 1 1 3
Transactions on Computer-Human Interaction (TOCHI) 1 1 2
Transactions on Speech and Language Processing 1 1
Total 4 2 2 1 2 1 2 5 8 11 38
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Figure 3: Applied research methods

investigating speech input, speech output, and/or dialogue; and
(3) papers that included children as participants or were about
child-oriented CAs.

We excluded (1) papers that did not use speech as the primary
mode of user input or system output to the user or as the medium
for a two-way dialogue (e.g., [92]), (2) as was the case with [27],
papers focusing on robots (e.g., [42, 61], due to potential confound-
ing effects (e.g., physical movement, non-verbal expressions), (3)
non-full or non-peer-reviewed papers, such as works in progress,
extended abstracts (e.g. [40]), workshop papers [118, 129]), reports
from panels, and magazine articles (e.g., [59]).

After applying the above criteria to our search results, 38 papers
were selected for the final analysis. We reviewed each paper and
recorded: (1) the central goal or focus of the study, (2) the type of
device that was the focus of the study and the mode of interaction
supported by the device (i.e., user speech input, system speech input,
or dialogue), (3) details about the sample population or participants,

(4) the data collection methods used (e.g., interviews, questionnaires,
observations) and the type of study (e.g., qualitative, quantitative,
mixed), and (5) the key findings. We also extracted the list of authors,
the publication year, title, publication venue, and geographic region
where the research was conducted.

3.3 Data Analysis

We conducted an inductive, thematic analysis to identify topic
themes in the literature [19]. Two authors began the process by
coding the topical themes independently for every paper and then
engaged in discussions to resolve inconsistencies and differences.
Through this collaborative effort, the final themes, and, where ap-
plicable, sub-themes, emerged. In cases when the focus of a paper
spanned more than one theme or sub-theme, the paper was catego-
rized by its primary research theme, as deemed by the two coders.
For example, one might argue that the theme “The Use and Role of
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CAs in the Home and in the Family” can overlap with the theme
“Supporting Children’s Play”, since children often play when they
are at home and with their family. The coders faced this dilemma in
regards to the work by Storer and colleagues Storer et al.[125]. We
grouped only those papers in the former category which focused
on the the impact CAs can have on family members and family
dynamics and/or general use of device by family members while
they are at home, whereas the primary focus of the papers in the
latter category was on one specific activity, i.e., children’s play.
While [125] refers to opportunities for children and parents to play
games together, the main focus of the paper was to understand how
CAs get integrated in homes of mixed-visual-ability families. As a
result, we allocated [125] under the theme of ‘The Use and Role of
CAs in the Home and in the Family.” In total, we identified eight
core themes (cf., Table 5), the results of which we present next.

4 FINDINGS

In this section we present the emergent research themes from our
review, but first we cover a number of descriptive statistics.

4.1 Descriptive Statistics of the Papers
Reviewed

4.1.1  Publication Trends and Venues. As shown in Table 1 the num-
ber of publications has increased overall, and especially in the last
three years, rising from five in 2018 to 11 in 2020. The indexed pub-
lications appeared in 11 different venues. The most common venues
were CHI (13 papers), IDC (10), Ubicomp/IMWUT (3), INTERSPEECH
(3), DIS (2), and TOCHI (2). Four venues, including International
Conference on Multi Modal Interaction (ICMI), Computer Speech and
Language, Computers in Human Behavior, International Journal of
Child-Computer Interaction, and Transactions of Speech and Lan-
guage Processing contributed just one relevant publication each.

4.1.2  Research Methodologies. As visualized in Figure 3, most
(N = 12) of the reviewed studies were quantitative in nature; seven
of these used an experimental design and were done in a lab setting,
where the participants interacted with a mock system through a
Wizard of Oz (WoZ) approach [100] or a working prototype and

remaining five developed quantitative models — including machine-
learning models or regression models - using some form of corpus
(e.g., stories told by children) or logs of child interactions with a
system. In WoZ approach a human “wizard” simulates an intel-
ligent system and interacts with a user through a real or mock
interface [142]. (N = 9) of the reviewed studies used qualitative
methods (e.g., interviews, interaction logs). Five other studies used
mixed-methods approaches to address their research questions.
Seven papers developed and evaluated a prototype system through a
user study, while a further five studies involved participatory design
work with children, families, or parents. We note that qualitative
and participatory design are not mutually exclusive. However, we
separate them into categories to underline the focus on co-designing
in the latter category.

Out of the total 38 papers, many papers included a combination
of measures in conducting their research, as shown in Figure 4.
Sixteen papers included interviews with the participants, which
aimed to elicit children’s preferences or experiences of interacting
with a device (e.g., [52, 79]). Eleven used questionnaires involving
scales (e.g., (e.g., [6]) and/or questions designed to elicit specific
metrics (e.g., the preference of the agent [9]). In the former case, the
studies used pre-existing scales (e.g., [6]), custom-scales adapted
from pre-existing scales (e.g., [44]), or a combination of customized
and pre-existing scales (e.g., [113]). Six studies used observation as a
mode of data collection. In these studies, the researchers directly ob-
served the participants as they interacted with a prototype/device
or used a WoZ approach to elicit specific metrics. Another set of
23 studies collected and analyzed audio, video, and/or text-based
interactions logs interactions logs (e.g., [15, 52, 154]). Five studies
analyzed data collected from participatory design activities (e.g., de-
sign outcomes and audios/videos of design sessions) (e.g., [51, 95]).
Other data collection methods included drawings (N = 1; [149]), sur-
veys, where-in the questionnaires did not comprise of pre-defined
or customized scales to measure a phenomenon (N = 2; [25, 78])),
diary studies (N = 1; [50]), and a corpus for machine-learning mod-
eling (N = 3; [24, 72, 151]).

4.1.3  Participants. Twenty-four articles specified the country in
which the study was conducted and/or from which data were drawn,
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Table 2: Location of the children on which the papers focused

Country Relevant Papers ‘ Total
USA [13-15, 25, 50-52, 81, 85, 94, 104, 113, 125, 127, 144, 150, 154] 17
France [6, 53, 119] 3
UK [44, 98] 2
Korea [95] 1
Italy [122] 1
Not mentioned [4, 9, 16, 24, 54, 72, 78, 79, 89, 117, 137, 148, 149, 151] 14

as seen in Table 2. Out of these 24 articles, the United States of
America was the most common study site (N = 17). France (N = 3)
and the UK (N = 3) were the next two most common countries
where studies took place. Four studies [50, 95, 117, 125] did not
collect data directly from children, but instead collected data about
them from their parents.

We also collated the age groups of the children in the studies cov-
ered by the reviews (see Table 3). Most studies focused on children
from more than one age group, based on the categorizations offered
by the CDC (Centers for Disease Control and Prevention) [45]. For
example, [13-15] all included families with children under 18. Only
19% of the studies (i.e., [16, 54, 94, 104, 119, 122, 127]) contained
children from only one age group.

4.14 Engagement with Theories or Theoretical Frameworks. 14 out
of 38 papers that were reviewed engaged with theories or theory-
based concepts to ground their research questions, to frame their
study in the designing of a prototype or working system, or in their
data analysis. We elaborate on these types of engagement with
theories or theoretical frameworks next:

Four studies used theories to arrive at their research questions.
Aeschlimann et al. [4] posed research questions inspired by by
Social Agency Theory [83], which argues that the “social cues of
a computer (e.g., modulated intonation, human-like appearance)
encourage people to interpret the interaction with a computer as
being social in nature” [4]. Spitale et al. [122] investigated the role
of social embodiment, defined as the “idea that the embodiment of
a socially interactive agent plays a significant role in social interac-
tion” [34] in children’s linguistic assessment. Beneteau et al. [15]
used the concept of joint media engagement [124] to frame their
study and illustrate how communication breakdowns occur and
are repaired as family members interact with smart speakers in the
home. In another paper, Beneteau et al. [13] used two theoretical
frameworks—joint media engagement [124] and parental media-
tion [30, 155]—to explore technology, parent-child dynamics, and
parenting practices with smart speakers.

Seven studies used theories in designing aspects of their pro-
totypes or working systems. Alaimi et al. [6] used convergent-
and divergent-thinking questions, which the CA asked of its child
users; these were based on Question-Answer Relationship (QAR) [47],
which defines the relationship between a question generated from
the reading of a text and its answer. Ruan et al.[113] grounded the
design of an agent for learning mathematics in a literary theory that
promotes the benefits of narrative-based learning [3]. Tewari and
Canny [127] built features into the conversational script of CAs us-
ing the elements from the framework of Hart and Risley [55] that are

known to improve the quality of interactions between parents and
children. Pantoja et al.[94] explored the design of CAs to support
high-quality social play in terms of Theory of Mind [17]. In their de-
sign of a conversational reading partner, Xu and Warschauer [148]
included three components of conversational guidance, including
questions that open up conversations, contingent feedback, and lan-
guage scaffolding; according to Snow [121], when these components
are part of a parent’s conversational guidance, they engage children
in more cognitively and linguistically beneficial interactions. The
design of ECHOES [98] was informed by and validated against the
SCERTS model [103], which addresses the core challenges related
to autism spectrum conditions. The ECHOES environment utilizes
FAtiMA planning architecture FAtiMA planning architecture [36],
which makes it an autonomous planning-based agent. It is based on
the following componenets: (1) Al planning techniques [114], (2)
an emotional model derived from the OCC cognitive theory of emo-
tions [93], and (3) the appraisal theory of emotions [71]. To develop
a conversational multi-media tutor, Ward et al. [137] applied the
principles of Questioning the Author—an approach developed by
Isabel Beck and Margaret McKeown, which challenges students to
“think about and integrate new concepts with prior knowledge to
construct enriched mental models that can be used to explain and
predict scientific phenomena” [137]. The system was also informed
by Discourse Comprehension Theory [69], Social Agency Theory, and
by the work of Jean Piaget, Lev Vygotsky and Jerome Bruner that
gave birth to Social Constructivism [136].

Three studies grounded their analysis in theories. Xu and Warschauer

[149] used various frameworks when analyzing the properties
that children attribute to CAs; these frameworks came from Kahn
et al. [63], Kim et al. [68], van Duuren and Scaife [132], and Melson
et al. [86]. Beneteau et al. [14] built on Rogers’ concept of “near
peers” to illustrate how families learn about smart speakers. Fi-
nally, to annotate child’s interjections during storytelling Lejeune
et al. [72] used Dynamic Interpretation Theory [21].

Another set of 11 papers out of the total 38 papers only men-
tioned theories or theory-based concepts only in passing in:

o Related work (5): Serban et al.[119] mentioned the uncanny
valley [88], persona effect [74], and the ZPD (Zone of Proximal
Development) [136]. Beneteau et al. [14] referred to The
Unified Theory of Acceptance and Use of Technology [133] and
The Senior Technology Acceptance and Adoption Model [108].
[50-52] referred to parental mediation theory [30, 131]. Garg
and Sengupta [51] also referred to the persona effect.

e Method (2): Park and Lim [95] used cultural dimension the-
ory [57] to justify the peculiarities of conducting research in
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Table 3: Age group of the children on which the papers focused (age categories are those proposed by the CDC [45])

Age group Relevant papers ‘ Total
Infants (0-1 year) [13-15, 78, 95, 117] 6
Toddlers (1-3 years) [13-15, 25, 78, 95, 117] 7

Preschoolers (3-5 years)
Middle Childhood (6-11 years)

144, 148-151, 154]
Young Teens (12-14 years)
Teenagers (15-17 years)
Age not specified

[13-15, 44, 52, 81]

[4,9,13-15, 25,50, 52, 54, 78, 79, 94, 98, 117, 125, 127, 141, 148-150, 154] 21
[4, 6,9, 13-15, 24, 25, 50-53, 78, 79, 89, 98, 104, 119, 122, 125, 137, 141, 27

[6, 13-16, 24, 44, 51-53, 81, 89, 98, 125, 144, 150, 151, 154] 18

[72, 113]. Note: [113] worked with third- to fifth-graders and did not 2
mention age, which varies a little across countries and regions

Table 4: Devices and types of interaction in the reviewed papers

Mock systems through Wizard of Oz studies

Working prototypes Design studies

Type of device User speech input ‘ System speech output ‘ Dialogue User speech input | System speech output ‘ Dialogue

Computer-based - - 6 (e.g., [119, 137]) 1[16] 1 [53] -
Mobile-based - - - - - 1[78] -
Tablet-based 1([113]) - - - - 2 [6, 54] -
Smartspeaker-based - - 2 ([150, 154]) - - 10 (e.g., [14,15,50,52]) | 3 ([25, 81, 95])
Smart toys-based - - - - 1[85] -

Display or projection-based - - 1[9]
Other - - 2[4,122]

1([127])

- 1([98]) -
- - 4 ([44, 51, 94, 144])

a specific contexts and their selection of participants. Serban
et al. [119] used the concept of the uncanny valley [88] to
justify their decision of designing their own Wizard of Oz
platform and interactive narration scenario.

o Discussion of Implications (3): Alaimi et al. [6] confirmed a
theory-related concept, that a relationship exists between
curiosity and children’s mastery of question generation me-
chanics. Xu and Warschauer [148] used the concept of ZPD
[136] to explain their design recommendation. Garg and
Sengupta [51] referred to the uncanny valley [88] while dis-
cussing the ethical implications of their design recommen-
dations.

4.2 The Devices Involved in the Reviewed
Papers

4.2.1 Maturity of Devices. As shown in Table 4, 13 papers in our
review used mock devices to conduct WoZ studies with children.
Eighteen papers involved existing systems (e.g., Google Home [52],
Amazon Echo [15]) or working prototypes developed by the re-
searchers (e.g., [148]). In addition, seven papers focused on engag-
ing children in co-design or participatory design work (e.g., [51, 95])
to understand their preferences concerning CAs. Rader et al. [104]
explained how the design of a virtual peer could be informed by
findings obtained from the analysis of a corpus of child-to-child
language use; however, this paper did not fit into our categories
and so has been omitted from Table 4.

Some of the studies spanned across categories listed in Table 4.
A system developed Ward et al. [137] can be used autonomously,
although the study was conducted using a WoZ approach. Although
Chen et al. [25] and Luria et al. [81] both conducted mixed-method
studies (noted as such in Figure 4), but also designed storyboards

and used them as probes in surveys and interviews. Therefore, we
listed these works under the category of “Design Studies” in Table 4.
Porayska-Pomsta et al. [98] blended both a human conversation
partner and an Al-driven CA; while the CA understood only touch-
based user input, the children could engage in a dialogue with the
human conversation partner. Hence we included this under the
category of system speech output and working prototype. Finally,
Tewari and Canny [127] compared the results from a human con-
dition, i.e., when children interacted with researchers without a
virtual agent, a WoZ condition, and a fully automated agent condi-
tion; we included this paper in Table 4 under “Working prototypes”
only.

4.2.2  Types of Devices. In the 38 papers we reviewed, we identified
various types of devices that mediated voice-based interactions (see
Table 4). Fifteen papers looked into conversational agents that are
(meant to be) deployed in smart speakers (e.g., [15, 52]). Nine papers
were about computer-based systems where children interacted with
systems deployed on a computer or laptop (e.g., [53, 119]). There
were six studies that we could not categorize; we labeled “other”
because they either did not mention any one specific device (e.g.,
[4, 51]) or focused on more than one device (e.g., [94, 122]). For
example, in [4] human experimenter acted as voice assistant by
being present via their voice during the experiments. Spitale and
colleagues [122] were interested if embodiment matters, so they
checked voice assistant embedded in a toy, an avatar that was
displayed on a tablet screen, and a WoZ condition wherein a human
acted as a voice assistant.

4.2.3 Direction of Communication. As shown in Table 4, the ma-
jority of studies (29 out of 38) studies looked into devices that
supported two-way speech-based communication. Of the 29 stud-
ies, 12 explored the interactions of children with smart speakers
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Table 5: Number of papers per research theme and sub-theme

Research themes Research sub-themes

Count Total

Ascribing Human-Like Qualities to CA -

3

Learning Through Question-Answering 2
. . s . Language Learning or Development 3
Supporting Children’s Learning Science or Math Learning 3 8
Design Insights 1
Use and Role of CAs in Home and in Use of CAs in the Home 9 13
Family Context Design Insights 1
Supporting Children’s Play - - 2
. , . Storytelling Strategies 1
Children’s Storytelling Modelling the Roles of Storyteller and Listener 1 2
Issues Around Information Collected and - - 3
Revealed by CAs
CAs for Children with Differing Abilities I;;lz%llsmge Training and Assessment of Children with Complex Communication 2 5
Interaction with Children with Autism 3
Miscellaneous - - 2
Total: 38

(e.g., [50, 117]), while only two studies examined monologic com-
munication [16, 113].

4.3 Research Themes

This section introduces the results of our thematic coding of the
papers. An overview of these is given in Table 5. We identified seven
main themes (plus “Miscellaneous”), and some of these themes were
comprised of multiple sub-themes (of which there were ten in all).

4.3.1  Ascribing Human-Like Qualities to CAs. Three papers ex-
amined if and how children distinguish between CAs and people.
Through an interview- and drawing-based study, Xu and Warschauer
[149] found that children recognize the cognitive properties of CAs

most frequently through behavioral references, the psychological

properties of CAs most frequently through references to reciprocity

(e.g., when the CA “liked” a child because she was nice to the agent),

and the behavioral properties of CAs through biological references,

mechanical causality, and fantasy reasoning. While the six-year

olds taking part in the study described CAs as technological objects,

a considerable number of younger children (i.e., 3- to 5-year-olds)

attributed both human- and artifact-like qualities to them. As a

consequence, this study suggested developing a “new ontological

category” [149] that cuts across prototypical categories of animate

and inanimate to describe such agents.

Aeschlimann et al. [4] found that children between five and six
years old are able to distinguish between CAs and humans. More
specifically, while the type of information shared (e.g., experience-
based or knowledge-based) impacted the way children interacted
with people, this pattern was not observed in their interaction with
CAs. Furthermore, children shared less information with CAs than
they did with people, because they believed that CAs do not care
much about progressing the conversation. This echoes other work
on challenges to progressivity in CAs [43]. Overall, assumptions of
the social agency theory [83] did not hold true as children children
do not impose the same expectations on voice assistants as they do
on humans even when voice assistants have human-like features.

Woodward et al. [144], through participatory design sessions,
found that children want intelligent user interfaces to be able to
handle human-like conversations. For example, children expected

these devices to accurately understand input, intentions, and social
contexts and then make decisions about how to respond appropri-
ately. The children also expected such interfaces to elicit, recognize,
and respond to emotion through speech and other input/output
modalities (e.g., gestures, motion). Finally, in cases of error detec-
tion, they expected such devices to admit their shortcomings by
saying “I do not know” — a human-like trait.

4.3.2  Supporting Children’s Learning. In our review, eight studies
examined the role CAs can play in children’s learning. Two papers
in this category looked at how answering questions, a skill that
drives curiosity and constructs academic knowledge [105], can be
supported by CAs. Using a CA embedded in a web application called
the Curiosity Notebook with 10- to 12-year-olds, Alaimi et al. [6]
showed that such agents have the ability to foster question-asking
skills in children that leads them to ask more complex questions.
Tewari and Canny [127], in their work with preschoolers, also de-
signed and evaluated a question-answering pedagogical agent, Spot,
using common parenting styles in agent dialogues. The authors
found that children under both a WoZ condition and a fully au-
tomated agent condition asked more questions and solved more
problems than if they played with a familiar person. The agents did
not deviate from the task at hand and did not need significantly
more hints or explanations under the agent condition than they did
under the human condition.

Three papers examined the role CAs can play in the language
learning or development of children. Using insights from the anal-
ysis of a child-child interaction corpus, Rader et al. [104] suggested
using virtual peer CAs rather than using a tutor CAs for teaching
“school English” and “school-ratified science talk” to children who
speak African American Vernacular English (AAVE). They argued
that a CA designed as a peer would avoid creating an “oppositional
culture” between the child’s home and school environments. In
turn, the authors argue this would enable children to learn with a
peer who can model, scaffold, and evoke the target language and
nonverbal behaviors, i.e., teach them to “codeswitch” among verbal
and nonverbal styles in the way that children sometimes do for
one another, albeit not reliably. Gémez Jauregui et al. [53] used an
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e-learning platform for learning English that supports the describ-
ing, building, and playing of a conversational scenario between a
learner and a virtual CA that speaks English and recognizes Eng-
lish sentences. The study suggested that inter-ocular distance (the
distance between the centers of the pupils of a person) can be used
to accurately measure the approach and avoidance behaviors of
teenagers reacting to summative evaluations provided by CAs in a
classroom. The authors further concluded that these automatically
detected approach-avoidance behaviors are negatively correlated
with the anxiety levels of the users while learning with CAs. Xu
and Warschauer [148] developed and deployed a CA that acted as a
joint-reading partner, designing it to boost a child’s language devel-
opment. They found that a combination of open-ended questions
and multiple-choice questions, combined with feedback from the
CA, kept children emotionally engaged. Even though younger chil-
dren (3- and 4-year-olds) had some difficulties in communicating
with the agent (e.g., difficulties with language production and flow
maintenance), they were more interested in the reading partner
than the older children (5- and 6-year-olds).

Two of the papers looked into the role that CAs can play in
engaging children in science or mathematics learning activities.
Ruan et al. [113] designed a tablet-based interactive system in three
forms — with narratives, narratives with hints, and narratives with
a tutoring CA (to which users could give input by typing or using
a speech-to-text button). In this WoZ study, they tested the effec-
tiveness of each approach for engaging third- to fifth-graders in
mathematics-learning activities. The authors found that combining
narratives with conversational feedback positively influenced the
learning outcomes of their participants, but that a passive hint-
based system had a negative impact. Ward et al. [137] described
the design and architecture of a conversational multi-media virtual
tutor for elementary school science, using the principles from Ques-
tioning the Author. While the study did not formally collect data on
learning gains, the authors reported positive impressions on the
part of teachers and students after conducting a WoZ procedure to
test the implemented system.

Finally, Garg and Sengupta [51] engaged in co-design work with
children aged 7 to 12 and their parents to understand their prefer-
ences for CAs for in-home learning. The authors found that children
expect such agents to possess a personality and an advanced level
of intelligence, to support multiple content domains and learning
modes, and to engage in human-like conversations. Parents indi-
cated their desire for such devices to include them in their children’s
learning activities, to enable them to monitor their children’s use
of the systems, and to foster social engagement.

4.3.3 The Use and Role of CAs in the Home and in the Family. The
next theme that emerged in our analysis was the role CAs (can)
play in a family context. Nine studies investigated how children
use smart speakers in their homes and the challenges they face
while doing so. Beneteau et al. [14] reported that families (i.e.,
children and parents) try to learn about the smart speaker’s func-
tionalities through the device itself and through their social circle
(family, friends, and acquaintances). Consequently, they positioned
the smart speaker as a near-peer [111] to the user and suggested
that it should describe its functionality using just-in-time learning
(e.g., by providing relevant information based on a user’s past failed
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attempts). Garg and Sengupta [52] found that children (5- to- 7-year-
olds) invest CAs with human-like qualities, develop an emotional
attachment to them over time, and engage in social exchanges with
them. They also showed that children’s use over the long-term
often shifted from engaging in small talk or to functional tasks
[e.g., setting alarms]. Sciuto et al.. [117] found that while parents
appreciate children’s being able to talk to CAs, they had concerns
about the impact these systems may have on children’s social inter-
actions. However, Sciuto et al. [117] and Garg and Sengupta [52]
found that, initially, younger (5- to 7-year-old) face more difficulties
than older children in interacting with CAs because of their verbal
intonations and cadences. Beneteau et al. [15] showed that children
who belonged to middle- to lower-income families, with the help
of parents, employ several repair strategies (e.g., prosodic changes,
over-articulation, semantic adjustments and modification) to be
able to converse with smart speakers at home. Another study by
Beneteau et al. [13] showed that despite the challenges presented
by smart speakers, democratic access to them in households im-
pacts family dynamics in terms of: (1) fostering communication
(e.g., engaging in speech and language practices that help the device
understand the child, expanding communication skills by learning
new language), (2) disrupting access to the device (e.g., interrupting
one another while interacting with device, regulating use), and
(3) augmenting parenting (e.g., leveraging the device as a neutral
third-party mediator or as a complement to parenting tasks, and
using the device to increase a child’s autonomy). Garg and Sen-
gupta’s work [50] with Asian Indian and White parents showed that
the (non-)use of CAs built into smart speakers by parents around
and with children, (non-)use by children, and parental mediation
strategies vary by race and socioeconomic status. In preliminary
work, Lovato and Piper [78] found that children’s use of devices
with CAs primarily involved exploring the devices (e.g., for fun or
relational purposes), seeking information (e.g., curiosity, location
seeking), and performing various functions (e.g., making a phone
call). In a later paper, Lovato et al. [79], based on their finding
that children used these devices to ask questions out of curiosity,
suggested that CAs could be used for children’s self-directed learn-
ing. However, the authors suggested that current smart speakers
could better support question-asking behavior by tailoring their
responses to specific users (e.g., children versus adults); by sim-
plifying and decomposing the answers, as children had difficulty
understanding complex and nested information; and by develop-
ing contextual understanding based on sequences of interactions
Storer et al.. [125], through their work with mixed-visual-ability
families, found that smart speakers prove to be appropriate tools
for supporting more accessible parent/child interactions. Examples
include parents’ and children’s bonding while using smart speakers,
including playing games together, sending each other jokes, and
learning to use the devices. However, it also created new anxieties
about children possibly gaining access to adult content. Therefore,
the authors suggested that universal usability should account for
the fact that age, like ability, presents different access needs.
Another four studies in this category involved design work aimed
at achieving an understanding of the expectations of children and
parents towards CAs within the context of home and family. Park
and Lim [95], after conducting a participatory user study, suggested
that devices should be able to develop an understanding of family
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dynamics and rituals and adapt their features to social versus private
situations (e.g., avoid revealing personal and private information in
shared spaces). In a similar vein, Luria et al. [81] conducted speed
dating and group interviews with families containing children who
were aged twelve or older. The authors proposed that the informa-
tion people should not receive, the actions they should be able to
perform through the agent, and whether they should have control
over another individual’s data should be based on the users’ social
roles (e.g., outsiders, children). Fitton et al. [44] conducted a design
study with teenagers, who first scripted hypothetical exchanges
with smart homes on paper, then prototyped at a higher level of
fidelity, using a tablet app with speech output. They found that
teenagers wanted agents to help them most to find lost objects and
decide what to eat. While the designs assumed parent-like roles,
most depicted smart homes in servile roles that are known to have
negative impacts on a child’s development [64]. Chen et al. [25]
used mixed-method interviews and surveys with the parents of 2- to
6-year-olds in eight families that used storyboards as prompts, and
examined barriers to the adoption of technology during mealtimes.
They found that the parents preferred screen-based technology over
voice-based devices and smart objects. In the case of voice-based
devices, the personification of CAs led them to believe these de-
vices could intrude upon their relationship with their children (e.g.,
by disrupting interpersonal interactions and displacing parenting
relationships).

4.3.4  Supporting Children’s Play. While most of the studies re-
viewed examined the role that CAs can play in children’s structured
activities (e.g., question and answer-based learning), two studies
investigated developmentally appropriate activities that were less
structured. Pantoja et al. [94] conducted 24 design sessions with
eight preschool children and compared the roles different CAs can
adopt in children’s social play. Different configurations of CAs were
researched: researcher-controlled CAs, which required researchers
to type text to control what the CAs say; portable and screen-based
CAs, with speech controlled through an app that could be used
by children or researchers; and a “turned-off” portable, tangible
agent with no speech capability. The authors found that tangible
and portable CAs were the most effective for keeping children so-
cially engaged in play. Consequently, CAs have the potential to
support the Tools of the Mind [17] style of play. Furthermore, while
being able to control the CA can distract the user from play, and
while CAs that cannot take advantage of contextual information
can be counterproductive, personification is critical in supporting
social play. Gordon and Breazeal [54] designed a virtual agent for
tablets that supports a parent-driver by supervising entertainment
for children in the car, so that the parents can focus on driving. An
exploratory assessment with 4- and 5-year-olds revealed that the
challenges of using such a system included speech recognition in
a very noisy automotive environment. Children struggled to un-
derstand the non-verbal cues of the tablets (e.g., lights and sounds),
and the parents were unaware of any problems because they had
to focus on driving.

4.3.5 Children’s Storytelling. Two papers addressed storytelling
with CAs. One paper looked into storytelling strategies that voice-
based technologies could adopt. More specifically, Serban et al. [119],
a WoZ study, found that a virtual avatar with prosody and facial
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expression modalities improved children’s engagement in interac-
tions during the storytelling sessions. For example, the children
responded more often to the agent with full modalities than to the
agent with no prosody. Crucially, prosody was found to be less
important than facial expressions as a modality. A study by Leje-
une et al. [72] proposed a model for understanding and predicting
the behaviors and roles of storytellers and their listeners. They
found that predictions about whether or not a child is likely to
react during storytelling by a CA can be made using a combination
of psychological features: the informative or active intent of the
speaker, the communicative contributions of the speaker to the con-
versation, and pattern-mining techniques (frequent closed patterns
were computed using an algorithm proposed by Ukkonen [130]).

4.3.6 Issues Involving Information Collected and Revealed by CA:s.
The review found three papers that identified issues relating to
information collected by CAs. Following a demonstration and the
interaction of children with connected interactive toys, McReynolds
et al. [85] conducted interviews with parent-child pairs to under-
stand privacy expectations and concerns regarding the parental
controls. The authors found that children are often unaware that
their conversations with a toy might be heard by others and that
they often expect flexible interactions and integrated instructions.
In their discussion of the implications of the study, the authors
raised points about the need to boost parental knowledge about the
privacy and security properties of connected toys and the need to
increase their willingness to allow their children to play with them,
and about the fact that parental controls should be included only
when potential ethical matters and issues of trust are recognized.
Yarosh et al. [150] and Yuan et al. [154] found that children struggle
to reformulate questions and suggested that voice-based devices
can help children by providing feedback on what the devices hear,
by asking for missing context, by clarifying what the device knows,
and by pointing out formulations that are difficult for the system
to comprehend. They also found that children (aged 5-12) prefer
personified interfaces, although when a device knew the age and
name of a child, it was taken as a violation of privacy.

4.3.7 CAs for Children with Differing Abilities. Two papers as-
sessed the role of speech-based systems used by children with
complex communication needs. Black et al. [16] developed and eval-
uated a system for children with complex communication needs
(CCNis) to assist children in talking about their school day. The
authors noted, "CCNs describe individuals who, due to motor, lan-
guage, cognitive, and/or sensory perceptual impairments (e.g., as a
result of cerebral palsy), have not developed speech and language
skills as expected" [16, p. 2]. The system created a narrative using
sensor data, voice recordings of teachers, and annotations from
children. When the system worked well, it enabled the children
to engage in storytelling, control the conversation, initiate topics,
provide relevant information, and respond to their communication
partner. Spitale et al. [122] explored whether CAs can support the
linguistic assessment and training of children with a diagnosed
language impairment. The authors compared the use of three forms
of CAs - a physical toy, an avatar on a tablet, and a human on a
tablet — by 6- to 8-year-old neuro-typical [122] children and chil-
dren with a diagnosed language impairment. They found that while
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the linguistic performance of neuro-typical children was indepen-
dent of the CA mode [122] and children with a diagnosed language
impairment tended to perform better in the toy mode than in the
other two modes.

Three papers looked into the interactions of children with autism
using voice-based systems. Porayska-Pomsta et al. [98] designed
and evaluated the educational efficacy of a technology called ECHOES,
which opportunistically blends human and Al support for autistic
children aged 4-14 years old. The ECHOES AI agent was designed
as a responsive social partner, i.e., it is pro-active, reactive, and
has social ability. The system also includes the capability to have
a human practitioner as an interaction partner. In the study, in
which each child played in the ECHOES environment for 10-20
minutes, several times a week over a six-week period, the number
of initiations of joint-attentional behaviors increased with both
the virtual character and the human practitioner. Also, while the
children’s responsiveness to the human practitioners increased,
their responsiveness to the CA decreased. The authors observed
that this was perhaps due to continuous reciprocal interactions that
only human practitioners could facilitate and that the CA could not.
Essentially, the CA was not aware that the child had responded un-
less the response was related to, and was expressed through, touch
actions recognizable by ECHOES. Chaspari et al. [24] explored the
link between Electrodermal Activity (EDA), a physiological signal
indicative of a person’s arousal, and the duration of verbal response
latency, as children with autism interacted with an Embodied Con-
versational Agent named Rachel. They found that EDA patterns
conveyed information about a child’s inner state, since they differed
according to the duration of verbal response latency with respect
to Rachel’s turns. In other words, EDA provides a complementary
view of a child’s state in cases where there may be no obvious (audi-
ble/visible) signs of arousal. The authors suggested this information
could be used to dynamically personalize CAs that are targeted for
children with autism. Mower et al. [89] found that while parents’
interactions differ when interacting in parent-led or Rachel-led
sessions, the differences were not seen in the interactions of chil-
dren. From the data, the authors claim that if Rachel were used for
diagnostic or interventional interaction, the communicative data
from children with autism could be considered representative of
their communication in a naturalistic setting.

4.3.8 Miscellaneous. Two papers could not be categorized under
any of the other emerging themes. Andrist et al. [9] showed that
flexibly employed verbal and nonverbal behaviors used by a CA
(e.g., gestures, gazes and gestures, or gazes, proxemics, and gestures
and speech), when passing the conversational turn in a group of
children, can equalize participation, reduce overlapping speech, and
improve speech recognition. Through a WoZ dialogue corpus col-
lected from 103 children (aged 7-14 years) playing a voice-activated
computer game, Yildirim et al. [151] investigated the automatic de-
tection of “frustrated”, “polite”, and “neutral” attitudes in children’s
speech communication cues. They showed empirically that lexical
information has more discriminative power than acoustic and con-
textual cues for the detection of politeness, whereas context and
acoustic features serve best for frustration detection. However, a
combination of the three cues provided better classification results
overall. In their work, the accuracy of the classification also varied
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based on the age and gender of the children—“politeness” was de-
tected with higher accuracy for females and 10- to 11-years-olds,
compared to males and other age groups, respectively.

5 DISCUSSION

Our categorization of research topics revealed that HCI work on
children and CAs developed around seven main themes over the
past decade, focusing in large part on ascribing human qualities to
CAs, supporting children’s learning, the use and role of CAs in the
context of home and family, support for children’s play, children’s
storytelling, issues around information collected and revealed by CAs,
and CAs for children with differing abilities. Based on our observa-
tions from the review and its findings, we derive key directions for
future HCI work at the intersection of children and CAs.

5.1 Diversifying Participants for Culturally
Sensitive CAs

Our review points to the fact that scholars are currently paying little
attention to working with children with diverse backgrounds and
identities. Except for a few studies (e.g., [15, 50]) that specifically tar-
geted diverse families, based on race and socioeconomic status, our
review found that CAs are often studied, designed, and developed
only with samples of children who typically have infrastructure
support (e.g., access to the Internet), are familiar with technology,
and/or belong to specific sections of society (e.g., children who live
in the Global North and belong to the middle or upper-middle class).
Furthermore, only a small number of studies (e.g., [50, 104]) have
taken into account aspects of children’s intersectional identities
(e.g., identities based both on race and socioeconomic status) while
designing or trying to understand children’s interaction with CAs.

As mentioned by Dell and Kumar [33], speech is of growing
importance in the HCI4D (human-computer interaction for devel-
opment) community. However, many families in the Global South
(e.g., low-income families), as well as in the Global North (e.g., eth-
nic minorities), tend to engage less with voice-controlled smart
devices. Although limited prior exposure to CAs is important, one
of the key barriers to use also lies in the failure of CAs to support
a user’s native language, dialect, or accent [15, 50, 110]. This lack
of “linguistic flexibility” in CAs has driven recent research on adult
users who have to use a non-native language to interact with a CA
[145]. In our review sample, one study also highlighted the difficul-
ties of a Spanish-speaking family who felt they had to adapt their
phonological processes to emulate English pronunciation when
using the CAs embedded in smart speakers at home [15]. Multilin-
gual adult users tend to strongly prefer chatbots (text-based CA)
that can code-mix or code-switch [11] because multilingual adults
often code-switch themselves while speaking, i.e., they alternate
between two or more languages [20]. This code switching is also
common in bilingual and multilingual children, influenced by their
language proficiency, language preferences, and social identity [84].
Currently, the research on bilingual and multilingual children’s CA
use is scant. While several scholars have looked into the potential
of using CAs to help children learn English (e.g., [53, 148]), a study
by Rader et al. [104] is the only one to focus on children who a
different dialect. They identified how CAs can help children who
speak African American Vernacular English (AAVE) at home to
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code-switch between school-ratified English and AAVE in a school
setting. Future avenues for research should focus on a wider range
of linguistic capabilities and backgrounds, to ensure that a broader
range of children’s voices is heard in the CA design process.

Similar to considering linguistic diversity, ensuring cultural di-
versity is also critical when researching child-oriented CA interac-
tion and design. The relationship between culture and technology,
as well as how design can support cultural preferences and interac-
tions (e.g., [49, 65, 120]) has been a topic of research within the HCI
field. Within design, working across cultural differences is known
as a way to seek stronger plurality [5]. Our review showed that
current research is heavily skewed towards Western-based views,
cultural norms, and communicative practices, as most of the stud-
ies were conducted with participants who identify with Western
culture. Engaging with more culturally diverse participants in child-
based CA research would enable researchers to develop a deeper
and broader understanding of how CAs can be culturally tailored
from a child’s perspective. In this way, CAs can become aligned
with the values and ideas that diverse children draw upon in their
development. Researchers could also focus on the cultural dimen-
sions of CAs’ communication styles and the implications of using
conventional social expectations or norms in the design of CAs.
Current approaches and theories, such as Hofstede’s Dimensions
Theory [56] (often critiqued for offering a deterministic view [60]),
transnational HCI (e.g. [76]), postcolonial computing (e.g., [146]),
and Swidler’s work on cultural sociology [65, 126] could be used as
foundations to inform culture-based CA work.

Overall, CA researchers should aim to focus on the challenges
faced by a wider and more diverse group of child users. This would
enable scholars and designers to examine the degrees and forms
of penalties and privileges that children experience in their lives
lives [35, 116] and the impact these have on their interactions with
CAs and their preferences in regard to them.

5.2 Considering Developmental Stages and
Complex Communication Needs

Children’s social, cognitive, and communication skills change as
they grow from infancy to adolescence. For example, younger chil-
dren tend to have shorter attention spans than older children [82]
and toddlers syntactical development and vocabulary is more lim-
ited than the language skills of older children [12]. Furthermore,
compared to other age groups, teenagers tend to have a heightened
sensitivity to emotional and social scenarios and stronger responses
to rewards [48].

Although it is clear that children vary significantly across de-
velopmental stages, our review suggests that relatively few CA
research papers target infant and toddlers (0-3 years old) and older
teenagers (15-17 years old). While limited research on infants and
toddlers could be attributed to the limited conversational capacities
of the children in these groups, there is nevertheless a need for
the community to engage more widely across the age spectrum,
particularly with older teens (as was also reported in a recent re-
view of research on children and broader interaction design [67]).
Increased engagement would allow for a more holistic view of chil-
dren’s experiences with CAs across developmental stages, leading
to more detailed insights into designing CAs for these age groups.
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Along with these considerations of variations in developmen-
tal stages, researchers also need to focus more explicitly on the
diversity of children’s needs. Our review shows a clear gap in this
area. Only two of the reviewed papers explored children with com-
plex communication needs (e.g., those with language impairments),
with a further three papers examining interactions with CAs for
children with autism (see Section 4.3.7). These papers exemplify
the importance of understanding CA interactions with children
who have differing abilities and, therefore, have specific needs and
requirements, and of designing appropriate interactions for their
needs. Work in this area can build on adult-based CA research by
looking at adults with diverse capabilities and needs. These include
non-sighted individuals (e.g. [1, 2]), people who stammer/stutter or
those who have other diverse speech patterns [26], and people with
motor disabilities [31]. While this research can act as a starting
point, children’s interactions cannot be assumed to be the same.
Future work in this area should focus on other complex needs that
specific cohorts of children may have and should investigate how
these impact CA interactions and how CAs can be designed to be
sensitive to such needs.

5.3 Increasing Design-Based Research

Our systematic review also revealed a lack of design-based research
in the area of children’s interactions with CAs. Only five studies
focused on this topic, engaging with children in design through
methods such as cooperative inquiry (e.g., [51]) and co-design [44].
While most of these design works included parents in the design ses-
sions, there is a need to include other relevant stakeholders based on
the context under consideration (e.g., teachers for learning-domain,
therapist for the context of mental-health) Furthermore, rather than
on practical, wide-ranging outcomes, these papers tended to focus
on design recommendations and implications specific to the situ-
ation being researched, limiting their application to wider design
practices [8]. In keeping with previous speech-based reviews in
HCI [27], more widely applicable, design-based insights are needed
to support the design of CAs for children. This could include the de-
velopment of robust heuristics to support the design process, which
are useful for facilitating the design and evaluation of products.
Recent efforts have been made to generate heuristics for speech-
based interfaces and conversational agents [70, 90, 138] that can aid
designers in CA development and evaluation. However, these do
not focus on specific needs and issues that may arise in the types
of child-based interactions that are emphasized within the research
covered by our review. Therefore, researchers should use the above
mentioned heuristics as a starting point for developing heuristics to
support the child-centric design of CAs. As the design of child-based
speech devices and interactions becomes more commonplace, such
heuristics and wider design research could significantly benefit the
research and design community.

5.4 Further Engagement with Theory

Fourteen papers engaged with theories or theory-based concepts
to hypothesize, to design a study or artifact, or to analyze data.
Our review showed engagement with a number of theories/sets
of concepts for understanding children’s language choices in their
use of CAs. We also observed that papers focusing on work with
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developmental communication patterns through the design of CAs
are lacking in the literature. To this end, we see the need for scholars
to continue engaging with literature from across disciplines on
education, speech-language pathology, and children’s social and
communication development. Engaging with this literature would
be valuable for designing interventions that support children’s
everyday needs and account for linguistic, developmental, and
socio-emotional differences among children of different age groups.

Additionally, researchers and practitioners may need to consider
theoretical approaches emerging from spoken interactions with
CAs. Research has argued that our assumptions about communica-
tive abilities (partner models) can be a key driver in how we interact
with these devices, though debate on its significance continues [32].
Design choices around a system’s voice and language can impact
user’s language production and perceptions of CA partners [28, 29].
Recent research has identified three core concepts that affect peo-
ple’s partner models of speech-based CAs: perceptions of partner
competence and dependability, assessment of CA human-likeness, and
the perceived cognitive flexibility of systems [38]. Our review espe-
cially highlighted the human-like attributes children of different
ages may perceive in CAs [149] and how their expectations and
interactions may be shaped by human-like features built into CA
systems [4, 144]. Consequently, further research should examine
how these concepts may map onto children’s interactions with
CAs at various stages of a child’s development. Partner models
could be developed in relation to complementary theories on CA
interactions and child development.

5.5 Widening the Scope of Domains and User
Contexts

Our research outlines a number of key topics that have been cov-
ered by studies of interactions with children. Many of these echo
topics that have been widely covered in the research on the adult
CA-user experience. For instance, the role of human likeness and
the attribution of human qualities, while being researched in child-
CA contexts, have also been considered in research on adult-based
interactions with speech (e.g. [39, 91]) and text-based CAs [107].
Similarly, a focus on learning as a context of use [107] can be seen
strongly in the child-based CA literature we reviewed. As seen
in recent thematic reviews, in comparison with speech [27] and
chatbots [107] research, there is a striking lack of overlap in many
of the topics, concepts and clusters identified. Up to 2019, much of
the research in the speech domain focused on researching system
speech production, design-based insight, and modality compari-
son, and was limited to usability, theory, and specific system-based
insights [27]. A recent review of chatbot research over the past
ten years revealed an emphasis on the concepts of satisfaction,
empathy, engagement, and trust, and highlighted a wide range
of specific domains of use, such as mental health, art exhibitions,
and e-commerce [107]. In comparison, in light of our review, it
seems that CA research with children tends to primarily focus on
learning-based interactions and the use of CAs within the family
home; it is clear that there is a broad scope for introducing new
domains, concepts, and user contexts to child-based CA research.
For instance, focusing on contexts such as healthcare, mental health,
online-safety, games, and entertainment would lead to significant
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insights that could inform the design and development of child-
based applications for these domains, as well as the user experi-
ence requirements of child users. Recently, scholars have started
to explore how text-based chatbots can help young adults (16- to
21-year-olds), by providing social support [10] and help children to
develop emotional intelligence, including the ability to formulate
alternate actions to address their own negative behavior [115]. In
addition to widening contexts and domains, it is also important
for future work to focus more on a wider range of concepts, such
as engagement, children’s perceptions of trust, privacy, and the
usability of CAs. Finally, currently most of the work focuses on
children’s interactions with CAs embodied in smart speakers (as
seen in Table 4), and therefore there is a need to increase efforts
to further investigate voice-based interactions mediated through
other devices, specifically mobile-phones, tablets, and toys, which
are perhaps more extensively used by children.

5.6 Exploring Multi-Party Interactions

Another key aspect that we found across the literature was the no-
tion of multi-party interactions, specifically involving children. The
HCI literature highlights the multi-party nature of CA technolo-
gies, as they become “embedded” within home environments [101],
and the topic of multi-party CA interactions with children appears
in studies of the use and role of CAs in home and family con-
texts. Recording interactions in the home and interviewing families,
Beneteau et al. [14] demonstrated how household members learned
from each other how to use devices. Using similar methodology,
Garg and Sengupta’s work [50] showed that parents use of smart
speakers change around children. Furthermore, Chen et al. [25]
found that some parents preferred screen-based interactions to
voice-based interactions, due to a multitude of factors, including
a lack of control and intrusion into family life. Luria et al. [81]
proposed that designers adopt a more nuanced consideration of
family dynamics, shifting away from treating interactions as person-
agnostic. Gordon and Breazeal [54] highlighted an approach by
which a system is designed to use different modalities in working
with both children and parents. In sum, although it is rarely the
focus of attention, the topic of multi-party interactions remains
prominent throughout a number of papers.

While the above literature adopts a somewhat broad focus on
interaction with CAs, we saw the need also to consider specific
interactional sequences and to inquire into how to avoid conflicts
between users through design. Andrist et al. [9] indicate the impor-
tance of scaffolding their conversational turns to ensure fairness
and avoid conflicts between users, when CAs are used in collabo-
rative gaming. This raises important considerations for designers
and makes the case for a deeper understanding of how to equip
such systems to respond to interactional dynamics through their
design. For example, researchers may want to explore how power
dynamics between parents and children intersect with CA use, and
how CAs enable such dynamics to play out, or not. Our review also
covered related research showing disparities between genders in
recognition accuracy [151], which, when one considers the role
CAs might play in educating children (cf. [149]), precipitates the
exigency of how to ensure that CA interactions are equitable and
supportive of learners and how to assess and minimize the impacts
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of such biases in machine-learning systems [58]. Through a more
generalizable approach to designing CAs, by which they can be
adapted to the various multi-party dynamics they become embed-
ded within, they could overcome some of the barriers to adoption
and address concerns highlighted by parents across the board.

5.7 Investigating Ethical Challenges

Both within and outside the HCI research, there is evidence that
suggests technology can shape children’s behaviors and attitudes.
For example, a body of work has examined whether social robots
can impact adults’ and children’s social and conversational behav-
iors (e.g., [134, 140]). In regard to CAs, recent non-HCI researchers
have developed CAs that can foster expressive language [23] and
informal conversations [7]. In fact, some of the studies reviewed
also showed that CAs can encourage children’s verbal communica-
tion and language skills (e.g., [104, 122]). While this work should
continue, there are also unanswered questions pertaining to the im-
pact of CAs on the social-emotional development, linguistic skills,
and attitudes of children that researchers should examine. These
questions include: How do interactions with intelligent human-like
CAs impact the development of children’s social emotion and social
cognition? Do children transfer linguistic patterns of conversing
with CAs to interactions with people? What impact does conversing
with CAs have on children’s interpersonal relationships?

Finally, our literature review also found that children who inter-
act with CAs may reveal personal information to CAs and form per-
sonal attachments to them [52]). Parents also have concerns regard-
ing their children’s interactions and attachment to CAs [52, 117].
Therefore, designers, researchers, and developers should strongly
consider the ethical implications involved in fostering personal
relationships between children, particularly young children, and
technologies with which children may feel encouraged to share
personal information. The concept of “stranger danger” [87] is a
well-recognized concept taught to young children in some Western
parts of the world (particularly the U.S.); it conveys the idea or
warning that any stranger can be dangerous, and therefore chil-
dren should avoid forming personal relationships with unfamiliar
humans [87]. The designers of CAs could consider if “stranger
danger” is an appropriate concept to incorporate into children’s
interactions with CAs, specifically for children who live in Western
countries and identify with this concept. Prior work has reported
that children deem technologies to be creepy based on their degree
of deception and transparency, ominous visual appearance, inabil-
ity to be controlled, mimicry, and unpredictability [152]. Therefore,
future research can investigate how to make CAs less intrusive and
more trustworthy and how these concepts are embedded in the
cultural and societal landscapes of child users.

6 LIMITATIONS

The aim of this research was to review studies of children’s inter-
actions with voice-based CAs, published in core HCI venues. We
focused on a comprehensive list of the top HCI publication venues,
based on Google Scholar, Thomson Reuters, and Scimago rankings.
While this process has been followed by prior reviews of speech and
HCI work [27], this led us to exclude papers published in related
non-core venues (e.g., ACM SIGCHI In-Cooperation conferences,
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like the Human-Agent Interaction (HAI) and Conversational User
Interfaces (CUI) conferences). While future research may wish to
consider venues outside the domain of HCI, this research, in line
with previous reviews on CAs, conceives of HCI as a specific field.

7 CONCLUSIONS

This paper reports the results of a systematic review of 38 papers
on child-based CA research, published in core HCI venues over the
last decade (2011-2020) and thereby fills an important gap left by
the only other major review on the state of speech-based research
in HCI [27]. Our review calls attention to important research trends,
such as CAs for supporting children with differing abilities, CAs
supporting children’s learning, using CAs in home and family set-
tings, and understanding children’s reasons for ascribing human
qualities to CAs. The results of this review point to a number of
short- and long-term opportunities for child-based HCI research,
notably the needs to account for children’s intersectional identi-
ties and engage with children who have differing needs and are
linguistically and culturally diverse to inform the design of CAs, to
increase design-based research, specifically to develop heuristics for
child-centric design of CAs and involve relevant stakeholders (e.g.,
teachers, therapist) in the such research, to increase engagement
with older teens and theories from various disciplines including
education and speech-language pathology, to investigate ethical
implications of CAs such as its impact on children’s interpersonal
relationship and social emotion and social cognition, to examine
role and design of CAs for different domains and contexts such as
mental health, play, online-safety, public spaces such as museums,
and to examine the design and implications of multi-party inter-
actions (e.g., power dynamics between parents and children) with
CAs.
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