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ABSTRACT

With the rapid development of artificial intelligence, voice user
interfaces (VUIs) capable of speech-based interaction are poised
to support children’s language development by serving as their
language partners. This paper reports an analytic evaluation of
the currently available voice-based apps targeting young children
to examine whether and how they incorporate evidence-based
dialogue strategies that effectively support children’s learning. We
found that, despite the fact that the current apps support a variety
of language activities, most fail to carry out open-ended dialogue
and provide extended back-and-forth opportunities, thus limiting
their ability to encourage children’s language output and increase
children’s language exposure. We discuss four design implications
for developing VUIs that initiate dialogue and provide feedback in
ways that better facilitate children’s language learning.
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1 INTRODUCTION

Young children develop their language skills through everyday
communication with their parents, teachers, and other familiar
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adults [39]. Decades of research has shown that extensive back-
and-forth, contingent conversation is the fuel that primes children’s
language learning (for reviews, see [26, 69]). With the rapid develop-
ment of artificial intelligence, voice user interfaces (VUIs) are now
capable of simulating speech-based, interpersonal interactions [49],
and researchers believe these VUIs could play an important role
in children’s language development by serving as their language
partners [6, 68].

Smart speakers are one common form of VUIs that many children
already interact with. These technological gadgets are becoming
increasingly popular within hundreds of millions of households
around the world. Having recognized the great potential of lever-
aging VUIs’ capacity to support young children’s language devel-
opment, developers have made thousands of such voice-based apps
available to children [55, 67]. These apps carry out dialogue with
children based on pre-designed dialogical flows and engage chil-
dren in focused activities with interactive speech-based content.
A variety of activities are available through these apps, including
playing a trivia word game, practicing spelling, and engaging in
a choose-your-own adventure story [67]. These educational re-
sources are especially valuable for preschool-aged children, who
have not yet learned to read or write and thus primarily rely on
oral communication [34].

Just like children’s interactions with parents or teachers, the
language interactions carried out by voice-based apps should be
thoughtfully designed in order to realize their intended educational
and developmental goals [67]. While many HCI studies have pro-
posed that VUIs’ conversation design should generally be grounded
in human-to-human communication [15, 33, 44], these suggestions
are often quite vague and not tailored for specific user groups [8].
Given children’s developing cognitive and language abilities, it
is especially important that effective adult-child communication
strategies be utilized when designing VUIs intended for use by
young children [4, 9]. Nevertheless, little research has been de-
voted specifically to the communication strategies that ought to be
incorporated in such apps.

In this paper, we seek to analytically evaluate how well the con-
versation design of voice-based apps appearing to target young
children actually support their language development. We develop
our evaluation framework based on the adult-child communication
literature that identifies effective dialogue strategies adults can use
to support children’s learning (for a review, see [57]). We then use
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this framework to evaluate 143 voice-based apps, all focusing on
language development and available on the Google Assistant and
Amazon Alexa platforms. Our first question examines the conversa-
tion design of the apps: Do these apps exhibit evidence-based dialogue
strategies? Our second question seeks to understand the impact
these apps’ conversation design has for learning: How effectively do
the apps’ dialogue strategies support children’s language learning?

2 RELATED WORK

2.1 Patterns of High-quality Adult-child
Conversation

Decades of research has explored how adults support children’s
language development by engaging them in conversation during a
variety of scenarios, such as storybook reading, game play, or sim-
ple day-to-day interaction. This body of scholarship has suggested
that high-quality adult-child conversation is typically characterized
by the adult assuming the role of a "language guide" who scaffolds
the child’s participation in the conversation. This kind of guided
adult-child conversation generally follows a systematic structure
referred to as the Initiation-Response-Feedback cycle. A typical con-
versation involves multiple cycles within which the adult initiates
a topic of discussion and encourages the child’s verbal expression.
After the child responds to the prompt, the adult then provides feed-
back that builds upon the child’s response. Sometimes the feedback
completing one cycle leads into the initiation of the next cycle.
In this way, the adult is responsible for moving the conversation
toward a learning goal and helping shape the child’s conversation
experience. Many researchers have examined how adults’ use of
particular initiation and feedback strategies can promote children’s
language comprehension, vocabulary learning, and narrative skills
(e.g., [17, 47, 59]).

2.1.1 Initiation. Initiation involves the adult asking the child a
question that prompts active cognitive engagement and language
production. Prompting strategies can be categorized based on the
level of cognitive demand and the pattern of verbal response they
elicit from the child. From this perspective, some prompts demand
much from children in terms of cognition and language, and these
prompts are typically open-ended in nature [41, 53]. Such prompts
may invite children to recall an event (e.g., "Tell me an interesting
thing that happened at school today!") or they may include a ques-
tion beginning with "who," "what," "why," "where," "when," or "how".
These types of open-ended prompts encourage children to practice
expressive language to convey their thoughts [48]. Furthermore,
the quantity, content, and form of language production resulting
from such open-ended questions is frequently close to or at the
upper limit of the child’s competence [30]. For example, answering
the question "what do you know about snow?" requires children to
engage in information retrieval and processing before formulating
a response in their own words, which is usually more linguisti-
cally complex than responses consisting of multiple words. More
restrictive questions, on the other hand, do not demand as much
from children in terms of cognition and language [7]. Such ques-
tions either pose options for children to choose from or logically
and grammatically constrain children’s responses. For example, a
question asking "Is snow white or blue?" directs children to make a
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choice between the two options. Similarly, asking children to "use
one word to describe snow" limits their response to a single word.
In general, the literature on adult-child conversation suggests that
restrictive prompts are less beneficial for children’s learning than
are open-ended prompts [7, 14, 70], but also advises that adults use
these two types of prompts in combination depending on individual
children’s language competence or topical knowledge [71].

2.1.2  Feedback. Feedback involves the adult verbally commenting
on the child’s response to the prompt. The literature describes four
dimensions that can be used to categorize the adult’s feedback.

Contingency refers to whether the adult’s feedback is semanti-
cally tailored to the child’s response. From the child’s perspective,
the adult’s contingent feedback shows the adult’s involvement in
the conversation, their acknowledgement of the child’s response,
and their desire that the child reflect on that response (e.g., affir-
mation, correction) [25, 45, 63]. In these ways, contingent feedback
supports the cognitive aspects of children’s learning while also
heightening their engagement in the conversation [25, 63].

Extension involves the adult deepening the conversation based on
the child’s response. Adults may elaborate on the topic by providing
further explanation or new pieces of information. The education
literature sometimes refers to this kind of feedback as "elabora-
tive feedback", which contrasts it to feedback that merely verifies
the child’s response [38, 58]. A meta-analysis suggests that adults’
use of elaborative feedback frequently results in the child speak-
ing further on the topic at hand, thus leading to a more in-depth
conversation [24].

Encouragement calls for children to complete a language task to
their full potential. Some examples include encouraging children
to express themselves verbally, pronounce words correctly rather
than use baby talk, provide accurate or more complex answers, and
clarify or elaborate on their responses [57]. It could also involve
encouraging children to avoid distractions and stay focused on the
language exercise [18].

Adjustment refers to the adult adapting their feedback to the
child’s developmental levels and the cognitive and linguistic de-
mands the child faces during the conversation. Some strategies
include the adult making their language more accessible to the
child [16] or providing contextual or linguistic hints [1]. Many
studies have suggested that adjustment strategies are especially
beneficial for children who are still developing their language
skills [31, 42].

In summary, the traditional literature on adult-child conversation
has laid out a useful and precise framework for understanding how
conversation partners acting as a "language guide" could effectively
utilize initiation and feedback strategies to support children’s lan-
guage development. Our analysis of the conversation design within
voice-based apps targeting young children’s language learning is
thus built upon this framework.

2.2 Children’s Conversation with Voice
Interfaces

The rapid development of Al-enabled voice interfaces is redefining

what it means to be a language partner. Language partners are no

longer restricted to adults but also expanded to VUIs with agents
that are designed to comprehend complex speech input [34, 68].
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In fact, many children already interact regularly with the smart
speakers in their own homes, and researchers see this child-agent
conversation as a fruitful addition to children’s everyday language
experiences [5, 34]. An emerging body of literature using interviews,
observations, diary instruments, and in-home audio recordings has
documented two types of interactions children commonly have
with VUIs: open-domain conversations with general assistant tools
(e.g., Apple Siri, Amazon Alexa, Google Assistant) and agent-led
context-specific conversations specifically designed for children
(i.e., voice-based apps) [3, 5, 34, 35, 40, 61]. Of these two types
of child-VUI interactions, the latter most closely resembles the
dialogue structures of effective adult-child guided conversation we
discussed in the above section.

In agent-led context-specific conversation, the VUI guides chil-
dren along a previously designed dialogic roadmap for a conversa-
tion on a particular topic. [28, 67, 68]. Although such pre-programmed
content offers less flexibility compared to general assistant tools,
carefully designed agent-directed conversations can lead to a va-
riety of child-focused educational experiences [23]. A handful of
research projects have developed experimental VUIs that incorpo-
rate effective guided conversation strategies as identified in the
traditional literature, in particular, the prompt-response-scaffolding
cycle [66, 68]. For example, one study developed a storytelling
app that asks children open-ended questions, provides feedback,
and follows up on children’s inappropriate responses with helpful
hints [68]. Children in this study were found to actively engage in
the storybook reading, remain attentive to the agent’s explanation,
and improve their answers based on the hints provided. Moreover,
this agent-led dialogue during storybook reading was found to be
as supportive as an adult reading partner in promoting children’s
comprehension [65]. Another study implemented a phone-based
VUI to teach French phonological awareness to children in a rural
community. Each lesson began with explaining one phonological
concept and then prompted children to respond to a relevant ques-
tion. Children then received feedback depending on whether they
answered that question correctly [37]. In addition to research-based
voice-based applications still in the experimental stage, there are
also a large number of consumer-facing apps already available to
children. These apps can tell stories, teach vocabularies, engage
children in trivia games, and talk about children’s daily experiences.
While these apps have attracted millions of young users, whether
they effectively incorporate good conversation design in pursuit of
children’s language learning is still unclear.

Good conversation design is especially important if agent-led
interactions are to support young children’s learning. On the one
hand, young children are still developing their cognitive abilities,
communicative skills, and mental schema to interact with a digital
interlocutor [13, 62]. On the other hand, because a VUI's "under-
standing" of what a child expresses is based predominately on the
predesigned dialogic roadmap, VUIs are not able to adjust the con-
versation flow as flexibly as a human language partner [64]. These
two factors lead to child-agent conversations being prone to break-
down. Most studies documenting such conversation breakdowns
have focused on how children attempt to adapt their communica-
tion strategies to avoid potential conversation breakdowns [4, 13].
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However, very few studies have explored how VUIs could be proac-
tively designed to provide richly scaffolded conversation that is
also age appropriate.

Indeed, little research has examined the conversation principles
guiding the development of such interfaces. To our knowledge,
most existing guidelines are developed by major companies, such
as Google, Amazon, Apple, and Microsoft, that market popular
voice interfaces. Such guidelines are intended to support the devel-
opment of VUIs targeting general users and scenarios. According to
one analysis, existing guidelines collectively emphasize the impor-
tance of designing VUIs to replicate human-to-human conversation
[8, 54]. However, one things missing from this broad guiding prin-
ciple is the understanding that, depending on the context of the
conversation, different humans may have different needs. This lack
of consideration for the needs of children may limit the usefulness
of these guidelines for designing child-oriented VUIs.

3 METHOD
3.1 App Selection

This paper evaluates voice-based apps targeting preschool-aged
children’s language development. We identified these apps using the
following procedure. First, we conducted a keyword search on the
Amazon Alexa and Google Assistant platforms. Apps were initially
included if their titles or descriptions contained any of these key-

words related to language development: "story," "language,' "liter-
acy,' "book," "reading,’ "vocabulary," and "spelling." This preliminary
search yielded a total of 1613 apps from the two platforms. Second,
we excluded apps not intended for young children. Apps whose
description suggested a target age range exclusively over six years
of age were excluded first (n = 52). For the remaining apps, the lead
author and a non-author licensed preschool teacher read the app’s
description and evaluated the apps’ content to determine whether
the apps were indeed intended for use by preschool-aged children.
We thus excluded an additional 1174 apps due to their inclusion of
advanced language skills, such as difficult vocabularies or complex
sentence structure (n = 300), their difficult or age-inappropriate
content (n = 452), or their assumption of prior knowledge or skills,
such as the ability to spell multi-syllabic words, a skill young chil-
dren do not typically possess (n = 370). Third, we excluded apps
that did not initiate any dialogue with children (n = 252). Finally,
we excluded apps that had technical issues, including being unable
to open or crashing during use (n = 44). Our final analytic sample
included 143 apps, with 42 available on the Google platform and
101 on the Amazon platform The app selection occurred between
December 2019 and January 2020. On average, apps on Amazon re-
ceived 71 reviews, and those on Google received 31 reviews. Figure
1 illustrates the app selection process.

3.2 Coding Protocol

3.2.1 Dialogue Design Coding. Our protocol for coding the apps’
dialogue designs was initially constructed around the initiation
and feedback strategies established in the literature on adult-child
communication, and then slightly modified based on our actual
testing of the apps. The specific coding protocol is described below.
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Key word searching: Google and Amazon
platforms using keywords including “language,”
“literacy,” “books,” “story,” etc.
n=1613

l

Selecting apps targeting children: reading
through descriptions and playing through the app
n=439

l

Selecting apps with dialogue component:
playing through the app
n=187

l

Selecting apps without technical problems:
playing through the app
n=143

l

Final sample n = 143
Google: 42
Amazon: 101

Xu and Branham, et al.

Excluded (n = 1174)

Explicit age range beyond 6 years (n = 52)
Complex language (n = 300)
Inappropriate content (n = 452)
Advanced knowledge (n = 370)

Excluded (n = 252)
Apps that do not allow dialogue

Excluded (n = 44)
Apps that can not be activated
or crash in the middle

Figure 1: App Selection Process

We first coded the voice apps’ use of prompting to initiate
conversation. Two types of open-ended prompts were coded: wh-
questions and free response prompts. Wh- prompts begin with
who, what, why, where, when, and how and typically aim to elicit
children’s responses on some specific topic; free-response prompts
invite children’s completely free expression without any directives.
Three types of restrictive prompts were also coded: repetition, one-
word response, and multiple-choice prompts. Repetition prompts
ask children to repeat a particular word or sentence. Multiple-choice
prompts ask children to choose an option from a list of two to
three choices. One-word response prompts ask children to provide
one word within a particular domain (e.g., one color). we primarily
relied on the categories found in the literature on parents’ and teach-
ers’ question types for preschoolers [59, 73]. In addition to these
predefined categories (i.e., wh-prompts, free-response prompts,
multiple-choice prompts, repetition prompts), we added “one-word
response prompts” to cover a type of prompts that emerged from
our actual coding but did not seem appropriate to the predefined
categories.

We then coded whether the apps’ feedback to the child’s re-
sponse included the following features: contingency, extension,
encouragement, and adjustment. Contingency was coded as present
if coders determined that the feedback specifically addressed the
child’s response in a logical way instead of merely providing generic
or unrelated feedback that was not based on the child’s response.
Extension was coded as present if the feedback contained addi-
tional information instead of merely verifying the child’s response.
Encouragement was coded as present if the feedback following a
child’s non-response encouraged the child to respond to the prompt.
Adjustment was coded as present if the feedback scaffolded a child’s
off-topic or otherwise inappropriate or incomplete response. These

four binary feedback dimensions (i.e., whether contingency, ex-
tension, encouragement, and adjustment is present or not) are
predefined based on the literature described in the Related Work
section.

3.2.2  Language Activity Coding. To examine how well the app’s
agent-led dialogue supports children’s language learning, we also
categorized the types of activities the apps could carry out. This
protocol was based on the common language activities children
engage in with their parents or teachers identified in the litera-
ture [26] and modified based on our own trial of the apps. We
coded four types of activities: story listening activities that include
narrative-rich elements and story sequence, trivia games that ask
children questions on a specific topic, lessons that involve explicit
instruction aiming to relay knowledge, and story creation activities
that prompt children to provide specific story elements in order to
form a customized story.

3.2.3 Coding Procedure. Two non-author coders were involved in
the coding process. The coders played through each app, record-
ing how the app initiates dialogue and provides feedback to three
different types of responses that sufficiently covered how an app
would typically categorize a child’s response:

e appropriate responses, either correct or incorrect, that are
semantically relevant to the prompt,

e random responses that are clearly off-topic, and

o silence if the user does not provide any verbal response to
prompt.

The adult coders used this same set of structured response to
test all apps. This allowed us to comprehensively examine the
apps’ dialogue flow and also enabled cross comparison among the
apps [32]. Inter-coder reliability was established by first jointly
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conducting a pilot coding sequence, discussing where certain app
features would fall within the coding framework. Then, each coder
conducted additional pilot coding individually before eventually
comparing that coding and resolving any discrepancies. Finally,
the two coders periodically coded a new app together to further
calibrate their coding. This allowed the inter-coder reliability to
reach 0.80 to 0.85 across categories.

In addition to coding based on the calibrated protocol, the coders
also transcribed their interactions with each app and recorded qual-
itative notes to provide contextual evidence for understanding the
conversation design of each app. The coders periodically compared
notes to ensure that the notes accurately reflected their interactions
with the apps.

The coding was carried out during four months from January
2020 to April 2020.

4 RESULTS

In this section, we first detail how the apps utilized initiation and
feedback strategies and then describe the dialogic patterns observed
across the voice-based apps, discussing the impact each dialogic
pattern has on children’s language learning. Table 1 displays the
result of each coding category.

4.1 Initiation and Feedback Strategies

Coding item [ Count [ Percentage

Inititation

Wh- prompts 16 11.2%

Free-response prompts 11 7.7%

Multiple-choice prompts 85 59.4%

Repetition prompts 10 7.0%

One-word-response prompts 21 14.7%
Feedback

Contingency 110 76.9%

Extension 75 52.5%

Encouragement 88 61.5%

Adjustment 45 31.5%

Table 1: Summary of Coding Results

4.1.1 Initiation. We found that the overwhelming majority of
apps initiated dialogue cycles using prompts that restrict either
the length or scope of children’s responses (i.e., multiple-choice
prompts, repetition prompts, and one word response prompts). Alto-
gether, 116 of the 143 apps (81.1%) utilized these restrictive prompts.
Specifically, multiple-choice prompts were found within 85 apps
(59.4%). For example, the app “Kids Quiz” assessed children’s vo-
cabulary associated with plants by asking “The leaves on a tree are
attached to which part of the tree? You can answer branches, roots, or
the trunk.” Another app “My adventure book” paused at a particular
point during a story and asked children a multiple choice question
“Do you choose to search inside the apartment or look for evidence
outside” to allow them to decide what happens next. One-word-
response prompts that explicitly required children to limit their
response to one word or to a very short phrase were found within
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21 apps (14.7%). This type of prompts were commonly used among
apps that focus on vocabulary. For example, an app "Opposite”
asked children to provide the antonym of a given word (e.g., "What
is the opposite word of new?"), and another app "Hangman Game"
resembled the classic game that allows children to guess a word
letter by letter by saying "Try a letter". One-word-response prompts
were also use to help children identify parts of speech, such as "give
me a noun" or "give me an adjective". Repetition prompts were
found within 10 apps (7.0%). These prompts, which asked children
to repeat a sentence or phrase, can be used to confirm children’s
pronunciation (e.g., "In this game, you must repeat what I say. Talk
clearly. Here is your first question: school, spoon, food" in the app
"English One"). Repetition prompts were also used to help children
reinforce a piece of information or highlight a particular entertain-
ing part of the dialogue. For example, an app "Oliver’s Adventure"
invites the children to participate using requested phrase to help
the main character Oliver. In a moment when Oliver is in danger in
the story, the narrator asked children to repeat "Sound the alarm"
loudly so that Oliver can be rescued. After children repeated the
phrase, the narrator replied "Olivia really appreciates your help!"
and continued the story.

By contrast, relatively few apps (18.9%) implemented open-ended
prompts (i.e., wh- prompts and free response prompts) that did
not present any response options a child may choose from. Wh-
prompts were only found in 16 of the apps (11.2%), and the over-
whelming majority of them (n = 13) including wh- questions that
asked for a matter-of-fact response with one single correct answer
and could be sufficiently answered with a short phrase. For exam-
ple, an app "Super Animals" played the sound of different animals
(e.g., an elephant squeak) and asked children, "what is the animal?"
Another app "ABC Bee" asked children “how to spell” different
words. There are only three apps utilizing wh- prompts to elicit a
more personal, and potentially more complex, response that with-
out a correct or incorrect answer. For example, one app "Imagine
Christmas" narrated a Christmas story and asked children how they
would like to welcome Santa (" What do we need to do to get ready
for Santa?"). Another app "Conversation Buddy" engaged children
in discussion of their hobbies by asking "What is your hobby?" and
"What makes you like your hobby?" Free response prompts were
only found in 11 apps (7.7%). This group of apps typically invited
children to ask a question or say whatever they want. For example,
some apps allowed children to request translation from English to
a different language by saying a word, a phrase, or a sentence (e.g.,
"Say a word or a phrase you’d like to translate" in the app "Pig Latin
Translator"). Other apps invited children to say any sentence and
then repeat that sentence with a different tone (e.g., "I can repeat
your input. What do you want me to say?" in the app "Repeat After
Me").

4.1.2  Feedback. In terms of contingency, the majority of apps
(n =110, 76.9%) provided some form of feedback that was contin-
gent upon children’s responses. More specifically, these apps first
performed semantic-based language understanding, then classified
children’s responses based on a predefined intent, and finally se-
lected feedback corresponding to that specific intent. Contingent
feedback was sometimes used to assess the child’s response. For
example, an app may praise a child for giving the correct answer to
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a spelling question by saying "You are very good at spelling!" Other
contingent feedback repeated the exact word or phrase a child had
just said. Such repetition can be used to verify a child’s response or
demonstrate that the app correctly registered the response. Contin-
gent feedback was also associated with prompts that helped control
the dialogue flow. For example, some apps intermittently paused
the narration and asked children whether they were ready for new
information or what information they would like to receive. Then
the narration moves forward contingent upon children’s response.

The apps whose feedback lacked contingency did not contain the
semantic-based language understanding component necessary to
provide contingent feedback. Instead, these apps provided feedback
from a pool of pre-set utterances that were usually designed to be
more general than specific since general feedback helps minimize
any disconnect within the dialogue. Apps that asked open-ended
questions (i.e., wh- prompts and free-response prompts) are less
likely to be able to provide contingent feedback than those asking re-
strictive questions. This suggests that the decrease in predictability
of children’s responses to such prompts increased the challenges of
providing contingent feedback. For example, one app which asked
children what their hobby was provided the exact same feedback
("Really, that sounds like a lot of fun!") regardless of the child’s
reply. Similarly, another app mimicking the voice of Pikachu, a
well-known cartoon character, replied to every response with the
word "Pikachu" in randomly varying intonations *.

In terms of extension, about half (n = 75, 52.5%) of the apps
provide feedback that contains additional information expanding
on the child’s responses. For example, one trivia app asked children,
"What is the sixth planet from the Sun that features an extensive
ring system?" After children answer "Saturn," the app not only ac-
knowledged the children’s correct answer but also told the children,
"Saturn has the most spectacular ring system that can easily be seen
from earth with a good telescope." Sometimes, yet quite rarely, feed-
back with extension not only references the child’s most recent
response but also carries the conversation forward. For example,
one app asked children if they had ever been to a zoo. Regardless
of whether the child answered yes or no, the app repeated their
response and told children that most zoos have peacocks. The app
then asked children if they knew what a peacock’s tail looked like.
In this way, the feedback created a dialogue cycle that led to more
extended discussion about the topic related to zoos and animals.

In terms of encouragement, 88 of the apps (61.5%) in our sample
provided some kind of encouragement that attempted to draw out
verbal expression from hesitant children. Of the remaining apps
in our sample, 51 (35.6%) simply waited for children to respond
and then automatically shut down after several minutes. Another 4
apps (2.8%) waited a few moments before moving on to a new cycle
without addressing children’s lack of response. For the 88 apps
that did provide encouragement, one common type was simply
nudging children to say something. For example, some apps said
"Try again" or while others said "Answer the question" and then told
children that any response was acceptable. Most of these nudges
are generic and not connected to the specific context of the app,
with the exception found in an app called "Smallfoot". This app

1Until very recently, the real Pikachu character did not speak either but only used
non-verbal sounds, 'Pika’, and 'Pikachu’. This non-contingent feedback is actually
relevant to the character
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featured an expressive monster who roared loudly, and if a child
did not respond, the monster would encourage children to respond
verbally by saying, "Woohoo, but your voice is kinda hard to hear.
You are like 'meee meeee mee meee meee....” ".

In terms of adjustment, fewer than one third of the apps (n =
45, 31.5%) incorporated feedback that modified or reworded the
follow-up questions when children failed to give an appropriate
response. The remaining apps simply repeated the question with
the exact same wording. Feedback with adjustment may be helpful
for children who have difficulty answering a question as originally
stated. Such adjustment typically involves providing hints before
re-asking the same question in a slightly different way. For example,
one choose-your-own-adventure story app asked children "Should
we walk to the boat, follow the eagle, or go towards the music?" If
the child did not provide an answer that contains any of the three
options, the app explained what each option entails (i.e., "We could
walk to the boat to find the tropical island, follow the eagle to get the
north fruit, or follow the music to find the haunted lighthouse.") and
then again asked the child to make a selection.

4.2 Dialogue in Language Activities

We now turn to an examination of how the Initiation-Response-
Feedback cycles are woven into different types of language activities
and how these dialogic patterns function to support children’s
language learning. Within our sample, the four most common types
of language activity were story listening (n = 58, 40.6%), trivia games
(n =40, 28.0%), lessons (n = 25, 17.5%), and story creation (n = 8, 5.6%).
The ten remaining apps represented a mixture of miscellaneous
activities that could not be grouped into these categories.

Representative examples of each type of apps type are presented.
To increase the practical implications of our findings, we selected di-
alogue typical for each type of activity from the apps that had more
user reviews because those apps are likely to be more frequently
used.

4.2.1 Story listening: Allowing autonomy in narrative sequence. An
excerpt from "Animal Farm P.1, a story listening app
App: It was a bright and chipper morning at the farm.
Old Man MacDonald was starting up the tractor
for some field work.

App:  Would you like to go to the barn, the pond, or
the kitchen?

User:  Kitchen

App:  You snuffle your way into the kitchen and find
a cell phone on the counter and a refrigerator
that looks like a very promising place to find
some sauerkraut.

App:  Would you like to call somebody or look in the

fridge?
User:  Look in the fridge
App: You open the refrigerator and see a plastic con-

tainer that looks like it’s got some sort of fer-
mented cabbage in it. That fermented cabbage
may very well be the sauerkraut you're looking
for.



Are Current Voice Interfaces Designed to Support Children’s Language Development?

App: Would you like to try the cabbage or close the

fridge?
User:  Iwanna try something else.
App: I don’t recognize that response.
User:  Something else.
App: You open the container of fermented cabbage

and hear the reassuring sound of gas hiss-
ing out. Only one way to make sure this
is sauerkraut. You take a nice healthy bite.
Yowzer! Okay that’s definitely not sauerkraut.
It tastes more like kimchee. You find it deli-
cious even though it gives you gas. You should
probably look somewhere else.

The rich narrative elements of story listening apps distinguish
them from the other apps. Dialogue moments are included through-
out the narrative with the primary goal of evoking children’s inter-
est in the story. These apps typically use dialogue moments that
allow children to influence the story’s trajectory, mirroring the
popular choose-your-own-adventure story format.

In an excerpt taken from "Animal Farm P.I" (available on Google),
the app tells a story set on Old Man MacDonald’s farm. The children
are asked multiple-choice questions that will determine how the
story proceeds. The feedback to the child’s response is used to carry
the story forward, and future questions are logically connected
with the child’s previous responses. However, all of this takes place
within a pre-determined set of storyline branches that children
must navigate through. As shown in the last Initiation-Response-
Feedback cycle in the excerpt, the app is unable to extend the story if
the child’s response deviates from the pre-determined storyline. In-
stead, the app randomly selects one of the pre-determined storyline
branches to move forward the story. Despite children’s responses
being limited by the available storyline branches, the dialogue mo-
ments provide children with some level of autonomy during their
story listening experiences.

4.2.2  Trivia games: Providing opportunities to demonstrate existing
knowledge. Trivia apps’ initiation typically elicits a direct response
to a question involving only one correct answer. Such apps usually
provides contingent feedback that simply assesses whether a child’s
answer is correct or incorrect.
An excerpt from "Lucky Girl", a trivia app
App: In this game, 'm going to ask you questions
about animals! What is the baby animal name
for a pig?
User:  Piglet.
App: Outstanding!

App: Let me give you another one. What is the baby
animal name for a cat?

User: Kitten.

App: Exactly! Great job!

App: Let me give you another one. What is the baby
animal name for a chicken?

User:  Duckling.

App: False. The answer is chick.

App: Let me give you another one. What is the baby
animal name for ants?
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User:  Idon’t know.

App: This is not the answer. Try again.

User:  Ireally don’t know.

App: This is not the answer. The answer is antling.

An excerpt from a trivia app "Lucky Girl" (available on Google)
shows four Initiation-Response-Feedback cycles. Each cycle be-
gins with the app asking "what" question having a clear directive
constraining the scope of the child’s answer. After each user re-
sponse, the app explicitly verifies whether that answer is correct
or incorrect; only rarely did a trivia app extend the dialogue with
elaborative feedback. The final cycle in the excerpt above is repre-
sentative of the typical trivia app’s adjustment and encouragement
strategies. The app simply interprets "I don’t know" as an incorrect
response and replies, "this is not the answer" before asking the
children to try again. Such an approach would not be helpful for
encouraging learning among children who do not already have that
specific knowledge.

Trivia apps also do not generally adjust their difficulty level ac-
cording to the child’s competence. The questions neither increase
in difficulty as children successfully answer the questions nor de-
crease in difficulty if children struggle to answer them. Furthermore,
the feedback within one cycle rarely connects to the next cycle in
a conversational way. Cycles are typically organized as a series
of independent, disjointed questioning moments with little or no
sequential order. What’s more, trivia apps rarely contain anything
other than these cycles. Taking together, these dialogue structures
suggest trivia apps simply assess what children already know and
are not particularly focused on teaching them new information.

4.2.3 Lessons: Teaching new knowledge through reinforcement. The
dialogue cycles of lesson apps resemble those of trivia apps in that
the apps initiate a series of prompts to elicit children’s responses and
then provide feedback assessing whether children’s responses were
correct or incorrect. One major difference in lesson apps is that they
assume children do not already have the prior knowledge needed
to correctly answer the questions. Some lesson apps teach children
particular bits of knowledge and then quiz them on what they
have just heard, while other lesson apps simply instruct children to
repeat whatever the app has said and then evaluate whether the
child’s repetition was accurate.
An excerpt from "Spanish", a lesson app

App: The new word for today is "pequeria’, it means
"small". Say "small" in Spanish.
User:  pequeia

App:  Well done!

App: Now I will ask you about five Spanish words,
one from today and four from previous days.

App: Buena suerte

User:  Good luck

App: Good job!

App: pequeiia

User:  Idon’t know
App: pequena means small. Say small in Spanish
User:  pequefa
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This particular app ("Spanish" available on Amazon) consisted
of two distinct groups of Initiation-Response-Feedback cycles, an
instruction component that teaches children the content (i.e., the
meaning of "pequena") and a test component that assess children’s
memorization of the content taught previously. The instruction
component of this app, like other lesson apps, involves direct, di-
dactic instruction where the agent explicitly provides children with
new information. The testing component functions similarly to the
trivia apps, except that it provides direct instruction if a child fails
to answer a question about content the app previously taught.

An excerpt from "Language Tutor", a lesson app

App: I will ask you to say something. Just repeat
what you hear.

App:  The doctor was at the hospital.

User:  The doctor was at the hospital.

App: Well done!

App: There were many cars in the street.
User:  Cars

App: There were many cars in the street.
User:  Cars in the street.

App: There were many cars in the street.

User:  There were many cars in the street.
App: Perfect!

This is another example that shows how apps were designed
to leverage VUI’s speech recognition functionality to provide chil-
dren with pronunciation training. This excerpt was taken from
"Language Tutor" available on Google. The initiation of each cycle
is a sentence or phrase children should model their response on,
and after children utter the sentence, the app tells them whether
their pronunciation was accurate. When a child’s repetition fails to
match the original sentence, the app repeats the sentence without
providing any explanation until the child successfully utters the
sentence.

4.2.4  Story creation: Allowing space for a child-initiated storytelling.
The dialogue moments in story creation apps allow children to
create a silly story, much like a "madlib" game, by contributing key
elements of the narrative. After asking the child to provide a series
of words, the apps use those words to construct the story.
An excerpt from "Kids Mad Libs", a story creation app
App: I will ask for some words and I will make a
story. Put on your thinking cap. This story uses
16 words. First, an adjective.
User:  Beautiful
App: (Ding, and laughing) 15 words to go.

App: Say an animal

User:  Monkey

App: (Ding) You're funny.

App: I need a noun.

User:  Red.

App: (Ding) Wow, you are great with words.

App: I need an adjective.
User:

App: Any adjective will work.
User:

Xu and Branham, et al.

App: Okay, let’s say funny.

App: Okay, here we go. The title of this is "Driver’s
checklist". Before you follow the open road to
a beautiful adventure, don’t forget to have a
good monkey to give you a red of a funny
tuneup.

As shown in the excerpt below, each cycle begins with a re-
quest for a word that fits into a particular category.The except was
taken from "Kids Mad Libs" available of Amazon. The word cate-
gories are usually broad and include grammatical categories (e.g.,
noun, adjective) and domain categories (e.g., animal, number). If a
child provides any verbal response, the app makes a positive sound
and praises the child using one of several pre-determined generic
phrases. Such positive feedback is given even when the child pro-
vides an inappropriate response (e.g., providing an adjective instead
of a noun). If the child does not provide a verbal response, the app
nudges the child to respond but does not clarify the request. If the
child fails to respond a second time, the app chooses a response for
the child. Taken together, it is clear that the purpose of the app’s
feedback is to garner participation rather than address the child’s
actual response or any potential confusion they may have.

After the Initiation-Response-Feedback cycles are complete, the
app inserts the child’s responses into a story template. Given the
broad range of possible words children may provide for a particular
request, the story created is usually entertaining because of how
unrealistic it is. However, because the app merely inserts whatever
the child has said into the story, the story could also contain gram-
matically errors, exposing the child to poorly constructed language.

5 DISCUSSION
5.1 How Can VUIs Be Better Designed?

Four design implications arise out of our analysis of how voice-
based apps are designed to initiate dialogue with children and
provide feedback to their responses.

First, when designing voice-based apps for children, it is valu-
able to incorporate open-ended questions while also preserv-
ing the ability to provide meaningfully contingent feedback.
In examining the apps’ initiation strategies, we found that the over-
whelming majority of apps utilized restrictive rather than open-
ended prompts. Relying too heavily on restrictive prompts fails to
elicit children’s responses at the upper limit of their language com-
petence and may result in responses that are semantically and/or
syntactically simplistic[30]. For example, multiple-choice prompts
that provide a child with two or three options limit the child’s op-
portunity for free recall. Similarly, prompts that call for a single
word response and prompts that ask the child to repeat a phrase
already included in the prompt restrict the child’s flexibility in
generating their own response [41]. However, the fact that open-
ended prompts increase the unpredictability of children’s responses
makes it more challenging to design a VUI capable of interpreting
possible user responses and providing contingent feedback [43].
Indeed, in our analysis, we found a clear trade-off between the
open-endedness of a prompt and the contingency of the app’s feed-
back: as the the question’s level of open-endedness increases, the
degree of feedback contingency decreases. To help mitigate this
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issue, developers should carry out thorough field-testing of their
dialogue script with target users to gather a wide range of possi-
ble response variations [46]. They should then develop and refine
their dialogue tree to incorporate feedback that is specific to the
range of responses actually provided by their target users. How-
ever, even with this effort, we should still expect that children who
ultimately interact with the VUI may provide responses that the
VUL is not prepared to respond to. As such, it is actually valuable
to include a restrictive question as a follow-up prompt for when
the child responds to an open-ended question in an unanticipated
way [2]. Indeed, a study has confirmed that follow-up restricted
prompts resulted in the VUT’s higher rate of intent detection than
open-ended prompts, largely due to the fact that more restrictive
questions reduced the likelihood of a child providing unanticipated
answers [68].

Second, voice apps designers should incorporate feedback
that extends a child’s utterance to enable more in-depth multi-
turn dialogue on a single topic. Half of the apps we examined did
not reply to children in a way that extended on their response and
thereby missed a key opportunity to deepen the dialogue [22]. One
consequence of the lack of extension in the apps’ feedback is that
the dialogue in a previous Initiation-Response-Feedback cycle is not
connected to the following cycle. These types of disjointed cycles
usually suggest dialogue that lacks the "progressivity" discussed by
Fischer et al. and thereby limits the system’s capacity to move the
dialogue forward along a meaningful path [21]. To provide children
with opportunities for in-depth conversation, VUI developers may
want to consider strategies for extended dialogue that have been
established in the research on intelligent tutoring systems. One
useful model is Graesser et al’s two-part feedback frame consist-
ing of a short comment on the child’s preceding turn followed by
an additional "dialogue advancer" [50]. These dialogue advancers
moves the conversation forward with helpful hints, assertions with
accurate information, corrections of children’s misconceptions, or
answers to children’s questions [27]. While many of the app we
examined already implement the initial short comments, few of
them included any form of dialogue advancer. The purpose of such
dialogue advancer is to invite the child’s response by ending the
app’s turn with a question or other cue so that the child is guided
into specific further participation.

Third, it is important to utilize design strategies that encour-
age children’s language production, in particular, for those
children who are hesitant or unwilling to respond. Past re-
search on child-VUI interaction suggests that children frequently
avoid responding to conversational prompts that they perceive to
be too challenging [66, 68]. Children also have a tendency to rely on
non-verbal expressions (e.g., gesture [68]). Therefore, app designers
should carefully consider the most appropriate way to respond to a
child’s lack of verbal input. Almost half of the apps we examined
simply terminated the dialogue if a child did not respond, despite
this type of breakdown being easily prevented by providing the
child with additional opportunities to respond (e.g., repeating the
question, nudging like "Try again"). However, many of these ap-
proaches may not be ideal for child users. Nudges like "Try again"
or "Answer the question" are demands which may dampen chil-
dren’s enjoyment from interacting with the VUI or intimate an
already hesitant child [68]. Similarly, simply repeating the question
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may have limited usefulness if a child did not respond previously
because they did not know how to answer. As such, it is important
to recognize that the purpose of encouragement is not simply to
solicit a child’s response. Encouragement should provide sufficient
scaffolding to draw children’s attention to the task at hand in an
enjoyable way and help children participate in the dialogue. For
example, apps could encourage a child to respond by using a more
friendly tone (e.g., "I am so curious about what your answer is"
instead of "Answer the question."). Also, more apps could leverage
humor that is connected to the dialogue’s theme (as in the app
"Smallfoot" we discussed prior). And it may be helpful to rephrase
a question to make it easier for the child to understand. Indeed, a
prior study has found that using an easier, rephrased question as
a follow-up effectively invited responses from those children who
did not respond the first time [68].

Fourth, developers should recognize the need for more nu-
anced scaffolding that adjusts to children’s differing response
patterns. In general, the apps we examined were only capable of
detecting one correct answer for any given prompt. All other verbal
responses were then lumped into one category (i.e., failure to an-
swer correctly) and received the same feedback. However, children
may answer a question incorrectly in many distinct ways, each of
which may reflect a differing level of language competence and
understanding of the topic [72]. Moreover, children who answer "I
don’t know" may have a better meta-understanding of their own
knowledge than those who provided an incorrect answer [52]. As
such, children would benefit from more specific, tailored scaffolding
depending on the type of incorrect responses they give. To achieve
this goal, developers first need to generate a fine-grained dialogue
tree (as discussed in our first point) so that children’s incorrect
responses can be classified precisely. Based on this classification,
scaffolding messages specific to each type of incorrect response can
then be developed. In one study on children’s interaction with a
storytelling VUI, the authors categorized children’s most common
incorrect answers into multiple categories and also distinguished
children’s "I don’t know" response from other incorrect responses,
enabling the VUI to provide tailored scaffolding (e.g., providing
hints when children acknowledge their inability to answer a ques-
tion) that promoted children’s comprehension of the story [68].
However, the way incorrect answers were classified depended on
the specific question being asked. This suggests that tailoring of
VUIs’ scaffolding could be a challenging endeavor that requires
much time, effort, and expertise.

5.2 True Conversation or Pseudo-Interaction?

Many of the design challenges discussed above are reflective of
the general limitations inherent to VUIs. For instance, a VUI’s dia-
logic interactions are necessarily pre-defined, and the success of
a child’s interaction with that VUI depends partially on the child
responding in one of the ways predicted by the VUIs designers. If
children respond in an unpredicted manner, the VUI is not capable
of providing coherent feedback. As such, we must ask whether such
interaction can really qualify as "conversation." [29] The literature
on inter-personal communication clearly defines conversation as in-
volving multiple parties "mutually orienting to, and collaborating in
order to achieve, orderly and meaningful communication” [19]. This
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definition emphasizes the necessity of collaboration between the
conversation partners. In other words, actual conversation should
involve all parties simultaneously influencing and being influenced
by each other as well as by the context [56]. In contrast, a child’s
conversation a VUI is devoid of mutual collaboration in the sense
that the VUI's predefined roadmap restricts the possibilities for the
conversation while also requiring children to unknowingly calibrate
their responses to that roadmap [4, 13]. Because of this, it might
be more reasonable to refer to children’s interactions with VUIs
as "pseudo-conversation”, a conversation during which a coherent
dialogue may be achieved if the child conforms their own verbal
responses to the VUI designers’ pre-determined dialogue flows.
Children who unknowingly conform to the VUI’s pre-determined
dialogue flows may believe they are engaging in mutual, meaningful
conversation with the VUI (i.e., an "illusion of a natural conversa-
tion" [60]), while children who intentionally calibrate their language
to meet the VUTI’s apparent technological limitations would under-
stand the interaction to be a one-sided verbal exercise. Nevertheless,
if the VUI is design properly, the kind of pseudo-conversation en-
abled by the VUI would indeed provide children with valuable
opportunities for oral language development. Thus, high-quality
VUIs should incorporate complex and sophisticated dialogue flows
that accommodate the various communication patterns exhibited
by young children [10, 12, 36]. Incorporating the design strategies
discussed above could help achieve this goal.

5.3 Limitations and Future Directions

Two limitations of our study suggest further research on using
VUISs to support children’s learning development. First, although
We did not intend to restrict our analysis to certain cultural con-
texts, conducting our literature review and study in English and
on English-based apps may have limited the generalizability of
our findings across cultural contexts. Indeed, even among English
speaking countries, there are variations in children’s language de-
velopment [11] and acceptance of smart technologies [51]. As such,
developers wanting to target specific cultural groups may consider
tailoring our general framework to the needs of those groups. For
example, creating an agent persona that is consistent with the tar-
get users’ cultural background (e.g., speaking the same dialect) may
help build rapport with children and thus improve the quality of
interaction [20]. Second, our evaluation was conducted by adult re-
searchers using the apps and following a scripted protocol based on
children’s possible response patterns. Using this approach allows
us to more effectively examine how the apps react to different types
of responses. Future studies may want to compare our findings to
children’s actual use of the voice-based apps we studied. This would
provide insight into how child-specific speech characteristics (e.g.,
imperfect grammar, mispronunciations) might influence the apps’
performance.

6 CONCLUSION

While many children interact with voice-based apps, it is unclear
whether such apps actually support children’s language develop-
ment by serving as their language partners. To evaluate this pos-
sibility, we analyzed currently available voice-based apps target-
ing young children to determine whether those apps incorporate
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evidence-based dialogue strategies and how effectively the apps’ di-
alogue structures support children’s learning. We found that these
apps fell short on engaging children in high-quality conversation
as the children’s "language guide." Specifically, the current apps
predominately initiated dialogue in a restrictive way that may limit
children’s language production and flexibility. The apps’ feedback
design did not always come with extensions or encouragement nor
did it adjust the dialogue based on children’s responses, thereby
failing to provide children with effective guidance during the inter-
action. Moreover, despite the variety of language activities covered
by the apps we studied, the apps rarely afforded the opportunity for
the type of back-and-forth dialogue that can encourage children’s
language output and increase their language exposure. Although
such limitations may be partially due to the VUIs’ reliance on overly
simplistic, pre-defined dialogue flows, there are design strategies
that developers should consider in order to produce high-quality
VUIs that are capable of providing children with valuable language
learning support.
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