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ABSTRACT

Voice-based applications powered by conversational agents
can potentially support young children’s literacy development
in informal settings. Yet, to realize such potential, design-
ers must consider young users’ typical communication and
learning patterns. In this paper, we developed a framework of
seven design dimensions across three aspects (i.e., learning
content and goals, interactions and gamifications, and conver-
sation design) that could influence the educational benefits
young children receive from voice-based apps. We then used
this framework to conduct a content analysis of 535 literacy-
focused voice apps on the market to examine whether the
prevalent design features of these apps meet the unique needs
of young learners. Lastly, we discussed the implications of
current design tendencies with the aim of encouraging future
voice-based app designers to bridge the gap between research
and practice.
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INTRODUCTION

In recent years, a broad range of what are often marketed
as “conversational” or “voice” technologies—including smart
speakers such as Amazon Echo or Google Home—has gained
popularity in many homes in the U.S. and around the world.
A report shows that the number of voice-based apps on the
Google and Amazon platforms has more than doubled in one
year [62]. Many of these apps are education oriented and target
early literacy development for preschoolers. These apps typi-
cally involve preset dialogical flows that provide children with
interactive content. Children may practice spelling, play word
games, engage in choose-your-own-adventure activities, or ask
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the app to tell a story. These apps have the potential to become
valuable sources of language exposure at home, providing
opportunities for children to practice their communicative and
literacy skills through fun learning experiences [21,31,56,59].
These educational resources may be especially valuable for
preschool-aged children, with a typical age range from 3 to
6 years. Young children in this age group are not yet able to
read and write fluently, thus amplifying the value of voice-
based interactions. Children in this age group also typically
have sufficient oral language skills, thus benefiting from their
productive communication with intelligent systems. Yet to ac-
tualize the promise of voice interfaces for young children, app
designers must consider young users’ typical communication
and learning patterns [47].

Past research from the fields of child development, educa-
tion, and human-computer interaction has identified general
strategies that can facilitate young children’s engagement and
learning in face-to-face settings and when using interactive
digital technology such as tablets and computers. For a re-
view, see [3,8,30,37,46]. Another line of research focusing
on children’s interaction patterns with voice-based technolo-
gies also provides useful prior knowledge for voice-based app
designs [9,33,43]. These separate but overlapping strands
of literature should be synthesized to outline the facilitative
elements that voice-based app designers should consider in-
corporating in their products. However, no research has yet
synthesized these disparate elements into one comprehensive
framework, nor has any research used such evidence-based
framework to evaluate the apps on the market. To fill this
research gap, we explore the following question in this paper:
What are the common and missing educational design features
of literacy-focused voice-based apps on the market targeting
young children aged 3 to 6 years?

To answer this question, we developed a framework of 7 design
dimensions in three focal aspects (i.e., learning content and
goals, interactions and gamifications, conversation design) that
could influence the educational benefits that young children
receive from voice-based apps. Based on the framework, we
conducted a content analysis of the existing literacy-focused
voice apps on the market to examine whether the prevalent
design features of these apps meet the unique communicative
abilities and learning needs of young learners. For this task,
we systematically analyzed 535 available literacy apps on
the Google Assistant and Amazon Alexa platforms. We then
discussed the implications of current design tendencies with



the aim of encouraging future voice-based app designers to
bridge the gap between research and practice.

This paper makes at least two contributions to the field. First,
the framework we develop may be of use to parents, educators,
and developers for their app selection or development. Second,
the app analysis may provide a holistic picture of whether
current apps are designed to support preschool-aged commu-
nication and learning. Although we focus on literacy-focused
apps in this paper, we believe some of our findings could also
be generalized to other voice-based interactive designs for
young children’s informal learning.

RELATED WORK

Voice Interfaces in Early Literacy Development

Children’s language is developed not only by exposure to
words, but also through dialogic interactions with a more expe-
rienced conversation partner [20,40]. Studies have consistently
found that parents vary in their conversation styles at home,
thus resulting in differential language and literacy skills among
young children [23,24,53]. Some researchers proposed that
conversational technologies could, to some extent, simulate a
human language partner in a child’s learning processes [59],
and many voice apps targeting literacy skills have thus been
developed for children. These newly available apps can be
deployed on smart phones or smart speakers that users already
own, thus making these apps easily accessible to a wide range
of users.

A small body of prior research has documented how children
utilize voice-based interfaces on smart speakers for literacy-
related activities. For example, Sciuto and colleagues con-
ducted parent interviews and found that children had a vari-
ety of conversations with Alexa, including asking the smart
speaker questions about homework and requesting Alexa to
tell a story [43]. Similar findings were reported in Lovato
and colleagues’ study: Children engaged in conversation re-
lated to language learning with the smart speakers, including
vocabulary, spelling, and translations [33]. In another study
conducted by Lovato and colleagues, the authors analyzed
YouTube videos on children’s use of smart speakers and sug-
gested that voice interfaces support information seeking and
knowledge base development [32]. Children’s active use of
voice-based apps documented in these studies points to the
feasibility of refining conversational technologies to better
approximate a language learning partner. However, these stud-
ies did not detail the features of the voice interfaces children
interacted with. This ambiguity makes it difficult to connect
the app designs to their affordances.

Another related line of research also attempted to leverage
voice interfaces to mimic children’s conversational partners
through embodied screen-based agents or robots [11,17,44,54].
This line of research usually reports design features of the sys-
tems and also assesses children’s learning outcomes, demon-
strating how systems based on learning principles support early
literacy development. For example, Kory and Breazeal devel-
oped a robotic learning companion for preschool children’s
oral language development [29]. The robot was designed to

tell children stories at different difficulty levels while introduc-
ing new vocabulary words and modelling good story narration
styles (e.g., including a beginning, middle, and end of a story).
Children then told their own story, and the robot used a set
of scripted prompts to lead children through their storytelling.
The study found that children learned new words from the
robot. In another study, Freed developed a robot that played a
food-sharing game for English-speaking preschoolers to learn
French vocabulary [16]. This robot was programmed to intro-
duce itself and name foods in French. While these two studies
point to well-designed voice-interfaces’ capacity to promote
literacy development, many of the learning affordances of such
systems may result from the robot’s embodiment and its ca-
pacity to communicate through multiple modalities. Thus, the
insights from the studies above do not necessarily tell us about
the optimal design traits of a speech-only conversational inter-
face. Moreover, these robots target a very narrow consumer
base and may not be accessible to most children.

Evaluation of Literacy Apps Targeting Young Children

As noted in the previous section, many voice-based apps tar-
geting early literacy skills have already been developed, and
children frequently utilize them. Young children differ from
older individuals in that the former are still developing their
cognitive skills [22] and their mental schema for interacting
with intelligent artifacts [2,9]. As such, it is important to
develop apps that meet the communication and learning needs
of young children. However, to our knowledge, there exists no
evaluation of or rubric for evaluating voice-based educational
apps tailored to preschoolers. This lack of scholarly focus
may stem from the fact that voice-based products have only
emerged in recent years.

Over the past decade, however, there have been numer-
ous frameworks created to evaluate the appropriateness of
computer- or tablet-based apps targeting young children
[3,8,30,37,46]. Although these frameworks are not directly
capable of addressing the specific functionalities afforded by
voice interfaces, they can be used to establish broad guide-
lines for evaluating voice-based apps. For example, Soni and
colleagues’ TIDRC (Touchscreen Interaction Design Recom-
mendations for Children) framework suggests that educational
apps should meet children’s cognitive, physical, and social-
emotional needs [46]. The cognitive category within this
framework focuses on an app’s multimedia and interactive fea-
tures. The physical category focuses on haptic and gestural fea-
tures associated with operating the app. The social-emotional
category focuses on contextual features that incorporate so-
cial interactions and gamification to promote the enjoyment
of app use. Papadakis and colleagues included these same
categories in their REVEAC (Rubric for the EValuation of
Educational Apps for preschool Children) framework, with a
slightly different label for each category [37].

Researchers have used these rubrics to evaluate apps on
the market and identified striking research-practice gaps
[8,26, 38, 49]. For example, Vaala and colleagues pointed
out most of the apps did not provide high-quality feedback;
these apps either did not include any responsive feedback or in-
cluded feedback that lacked exploratory information to guide



young learners to understand the educational content being
taught [49]. In another preschool app evaluation, Callaghan
and Reich evaluated the scaffolding structure of apps and sug-
gested that many preschool apps did not include leveling that
strategically scaffolds young children’s learning to gradually
increase in difficulty as preschoolers progressively increase
understanding of the material [8]. These two studies came to a
similar conclusion: The design of most preschool tablet-based
apps is not optimal in light of what research has found helps
preschool-aged children learn and develop. It would not be
surprising if similar limitations are found in voice-based apps.

Current Guidelines for Developing Voice Interfaces

While few research studies have focused on frameworks that
guide the development of voice-based apps, some companies
that market popular voice interfaces, including Google, Ama-
zon, Apple, and Microsoft have published such guidelines.
Branham and Roy reviewed these commercial guidelines and
pointed out their common assumption that voice interfaces
should be developed to carry out efficient and concise con-
versation from the user’s perspective [5]. More specifically,
these guidelines aim to provide users with the information
they require without demanding unnecessary time and cogni-
tive effort. These guidelines, in general, support productive
language exchange between task-oriented adult users and the
voice interface. However, these commercial guidelines are
not specifically tailored for use by young children. Commer-
cial voice-based apps are primarily designed to accomplish
transactional tasks (e.g., placing an order on Amazon or check-
ing the weather), and these tasks benefit from conversational
efficiency. However, when developing apps specifically for
young children’s learning, a variety of dimensions other than
efficiency need to be taken into consideration. Because young
children are still developing their language proficiency, they
would benefit from additional support and scaffolding pro-
vided by the voice interfaces they interact with. Thus, a clearer
understanding of the dimensions which impact children’s en-
gagement with and learning from voice interfaces is needed.

FRAMEWORK DEVELOPMENT

Establishing Dimensions

To develop our framework, we first synthesized several lines of
literature including child development, psychology, education,
and informatics to identify key evaluative dimensions that
may influence children’s engagement with and learning from
voice-based apps. The section below details how each of the
dimensions we focus on in the current study is informed by
the scholarly literature. We grouped these dimensions into
three aspects: 1) learning content and goals, ii) interactions
and gamifications, and iii) conversation design.

Learning Content and Goals

Learning activity. Young children develop their literacy skills
in everyday informal, play-based literacy activities [58, 61].
These activities, such as having conversations with family
members, listening to and telling stories, and playing games,
create opportunities for situated learning by providing immer-
sive and motivating contexts [36]. Researchers also argued
that learning activities that only quiz children on pre-existing

knowledge through drill-and-practice tasks or heavily rely on
explicit instructions may not be as suitable for young learn-
ers [51].

Goal clarity. As preschool-aged learners are just beginning
to build their cognitive processing and literacy skills [18],
apps with clear and simple goals may be more effective in
supporting young children’s literacy development. Learning
that is guided by a specific goal reduces children’s cognitive
load by focusing children’s attention on the current task [57].
Research has also suggested that apps with clear learning goals
may decrease learner frustrations during use [1]. Moreover,
voice-based apps do not support multi-media presentations of
the learning content that could facilitate learners to understand
the learning goal. As such, using language to present the goal
clearly may be especially important for these apps.

Interactions and Gamifications

Interactivity. Interactivity, in general, may promote active
participation in the learning process [13]. This finding should
hold true when applying to the case of voice-based interfaces;
if opportunities for children to interact with the content are
present, children may be more attentive and more “minds-on,”
thus leading to better learning outcomes. This is evidenced
in a study with a robot tutor, suggesting that children better
acquired novel vocabularies if they had the opportunities to
retell the story rather than solely listening to the story [29].

Gamification. Gamification is the use of game design ele-
ments and game mechanics in learning contexts, which have
been viewed as an effective means to motivate children to
learn and develop intrinsic interests for learning in the long
run [35]. Researchers suggested that gamification increases
the playfulness of learning [12], or makes learning a "fun
and pleasurable experience" [19]. The gamification elements
commonly utilized in studies include points, rewards, leveling,
competition, and customization [15,28]. While there has been
little research evidence, it is fair to conjecture that gamification
elements may promote children’s engagement and learning in
voice-based apps in a similar way.

Conversation Design

Conversational prompts. The design of conversational
prompts is crucial in voice-based apps where language ex-
changes constitute the majority of the learning experiences. A
good conversational prompt should invite thoughtful responses
from the child and move conversation forward [45]. In gen-
eral, a trade-off exists among different prompting strategies.
On the one hand, posing open-ended questions (e.g., What
is snow? Why does it snow?) encourages children to put in
cognitive effort and engage in deep-level processing [25]. Yet
this may increase the programming and interaction issues in
the context of automated conversations due to the unbounded
user responses. On the other hand, posing closed questions
(e.g., Is this snow?) reduces the challenges in dialogue design
and programming, yet may be less beneficial for learning [55].

Feedback. In this paper, feedback was broadly defined and
refers to how the app followed up after children’s responses,
but such feedback was not necessarily used to assess right or
wrong responses. Responsive feedback that temporally and



semantically continues the conversation is fundamental for
promoting children’s learning [50]. Furthermore, a wealth
of literature indicates that elaborative feedback that provides
more instruction is more beneficial for children. Elaborative
feedback may contain multiple components, including praise,
extension of children’s responses, explanation of the question,
or a further question that provokes deeper thinking [42]. This
feedback strategy has consistently been proven to engage chil-
dren in more cognitively active roles in face-to-face dialogic
interactions [27].

Scaffolding. Scaffolding refers to the steps taken to reduce
the degrees of freedom in carrying out some task, so that the
child can concentrate on the difficult skill he is in the process
of acquiring. Adults may pose follow-up questions that are
adaptive based on children’s response to a previous conversa-
tional prompt [6]. Many studies have suggested scaffolding
is especially beneficial for children who are just beginning to
learn a certain topic [4]. Scaffolding also plays an important
role in supporting children’s successful communications with
voice-based apps. Children may encounter particular prob-
lems probably due to CAs’ imperfect ability to understand
children’s speech and children’s less sophisticated schema re-
garding interaction with CAs [9]. As such, scaffolding features
from the CAs themselves should be provided to help children
avoid communication breakdowns resulting from CAs’ misin-
terpretation of their speech.

Developing Codes

After establishing the seven dimensions, we then further de-
veloped the codes for each dimension using a combination of
deductive and inductive approaches, which will be detailed
below.

We first developed basic codes using a deductive approach.
Codes were drawn from design heuristics that are implied from
prior literature on children’s interaction and conceptualization
of voice-based apps [14, 32,48]. To evaluate educational affor-
dances, we included codes adapted from two coding schemes
developed for content analyses of educational preschool tablet-
based apps [7,49]. We then used an inductive approach to
modify the codes based on our preliminary play of voice-based
apps. Once a basic coding framework was created, two in-
structional technology professionals (not authors) were asked
to evaluate 20 different apps using the basic framework. Their
feedback was used to improve the clarity and comprehensive-
ness of the framework elements.

Modifications were then made to the framework based upon
the instructional technology professionals’ suggestions (i.e.,
change of wording, modification of codes). The research
team with two researchers tested the modified framework by
coding the same 20 apps, and any discrepancies in coding were
negotiated until mutual agreement was achieved. By doing so,
we further collaboratively refined codes to better capture the
various design features used within the apps.

CONTENT ANALYSIS

App Selection
A list of voice-based apps was collected for both the Amazon
Alexa and Google Assistant platforms available in January

2019. Because there is not a standardized indicator of which
apps were developed with a focus on early literacy, we first
conducted a key term search to identify literacy-related apps
and then sought to identify those presumably designed for
young children. For Amazon, our key term search included
apps (termed as Alexa Skills) that contain "story," "literacy,"
"language," "book," "read," or "vocabulary" in the title or
description and are in the "Kids" category. For Google, we
used the same search terms as we did on the Amazon platform
and included apps (termed as Google Actions) under the "Kids
and Families" category. We soon noticed there were relevant
apps that might be suitable for young children but that were
not included in the "Kids" or "Kids and Families" categories
on either platforms. We therefore expanded our search to
Google’s "Education and References" and "Games and Fun"
categories as well as Amazon’s "Education and References"
and "Games" categories. This preliminary search yielded a
total of 1613 literacy-related apps from the two platforms.

Since our evaluation focuses specifically on voice apps for
preschool-aged children, we looked through the description
of each app and excluded those with an explicit target age
range over six years. For those apps that did not provide a
target age range, we read the description, tried the app, and
then determined whether or not the apps were age-appropriate
for young children. We only excluded those apps that were
obviously unintended for use by young children. Nine hundred
and seventy-five apps fell within this category, owing to their
requirement of advanced language (n = 320), their difficult or
inappropriate content (n = 452), or their assumed prior knowl-
edge or skills that young children typically do not possess (n =
203). One hundred and three apps were also excluded because
of technical issues (e.g., could not be activated, terminated
in the middle of play). The total number of eligible apps for
evaluation was 535, with 323 Alexa skills and 212 Google
actions. A complete list of apps is displayed as supplementary
materials .

Apps developed by third party developers must be reviewed
and certified before they are made public to users. The review
process involves a functional test, which ensures the app’s
proper functionality; a policy check, which ensures that the
content does not violate legal and ethical standards; and a
security check, which protects user privacy.

The Coding Procedure

Two coders coded the 535 eligible apps. The coders played
through each app by providing three types of responses: 1)
correct responses, 2) incorrect responses, and 3) random (i.e.,
semantically irrelevant responses) in order to understand how
the app handles edge cases. The random responses that coders
provided were answers that were clearly out of the context of
the app content. In addition, coders sat idle during each task
for at least one minute to see if the app provided additional
directions when users stopped interacting with it. Depending
on the apps’ complexity, the coders spent 2 to 15 minutes to
play through each app.

Establishing reliability between the two coders was done over
the course of five weeks. Pilot coding of 10 apps was first done
together, discussing where certain game features would fall



within the coding framework. Then, additional pilot coding
of another 10 apps was done separately, eventually compar-
ing each other’s codes and discussing discrepancies. The two
coders’ inter-rater reliability (Cohen’s Kappa) reached 0.80
to 0.85 across categories before they eventually started the
formal coding. Every two weeks, coders calibrated their cod-
ing by separately coding a new app, comparing their codes,
and calculating the Cohen’s Kappa coefficient. The Cohen’s
Kappa remained above 0.80 for all categories throughout the
coding process.

RESULTS

Learning Content and Goals

Learning activity

As shown in Table 1, audio stories and trivia games were the
two most common activity types, in total constituting almost
three quarters of the apps we reviewed. Specifically, audio
stories, almost half of all apps (48.2%, n = 258), narrate stories
from a wide range of genres, including fantasy, informational,
and religious. The second most common type of activity
(25.2%, n = 135) was trivia games that quiz children’s existing
knowledge, where children were prompted to respond to a
series of questions with a wrong or right answer. For example,
an app solicited answers about baby animal names (e.g., “What
is the baby animal name for Pig?”’) and another app asked
children to name animals that rhyme with specific words (e.g.,
“What animal rhymes with box?”). Lessons were in 89 apps
(16.6%). These apps contained explicit instructions, showing
children new vocabulary words or teaching the definition of
a word. Some of these lessons also included brief quizzes on
the material taught.

Story-generator and questioning-and-answering apps were
less common. Story-generator apps (3.9%, n = 21) engaged
children in story creation. These apps typically prompted
children to provide story elements such as the name, gender,
and characteristics of the main character, or events in the story.
The app then generated a complete story (or sentence) with
children’s input incorporated. Questioning-and-answering
apps (6.0%, n = 32) allowed children to ask questions in a
specific domain such as opposite words and spelling.

Value definition n %
Users provide story elements for the | 21 3.9%
app to automatically assemble the
elements and create a story

Code value
Story generator

Questioning and | Users ask questions and receive an- | 32 6.0%

answering swers in a specific domain

Lesson Users listen to a lesson on a specific | 89 16.6%
topic

Trivia game Users answer a set of questionsona | 135 25.2%

specific topic (e.g., animal facts)
Users engage in storybook listening | 258 48.2%

Audio story

Table 1. Learning activity (n = 535)

Goal clarity

Less than half of the apps (41.5%, n = 222) presented clear
goals to users. These apps usually articulated the goal at the
beginning of the play (e.g., “Let’s learn some opposite words
today!”, “In this game, I will ask you some questions about
letters.”).

Interactions and Gamifications

Interactivity

We categorized the apps into three levels: non-interactive,
lowly interactive, and interactive (see Table 2). This three-
level categorization is in line with other works that review
tablet-based apps [8], and our own play of the apps revealed
that they could be intuitively categorized into one of the three
interactivity levels. About a quarter of the apps (24.8%, n =
133) were categorized as non-interactive. Some of these apps
merely played a randomly selected story or taught a word-of-
the-day after children used a speech command to start the app.
Another quarter of the apps (24.5%, n = 131) were categorized
as lowly interactive. These apps provided a list of content
children could choose from after the app was activated, but
children had no control over the content once a selection was
made. The remaining half of the apps (50.7%, n = 271) were
categorized as interactive since children could interact with
the agent by responding to conversational prompts throughout
their experience with the app.

The interactivity levels differed among apps involving dif-
ferent learning activities. Apps designed to engage children
with story generating, questioning and answering, and trivia
games were almost always categorized as interactive. Given
the nature of these activities, it is not surprising that these
apps would require a higher level of participation. There was
a wider variation in interactivity among the apps containing
lessons or audio stories. A large majority of the 89 lesson
apps were non-interactive (n = 65, 73%); children simply lis-
tened to some information on a particular topic and did not
have any opportunities to interact. The remaining 24 (27.0%)
were interactive since children were given a short quiz after
the lesson. Among the 258 audio story apps, 91 (35%) of
the apps were categorized as non-interactive since children
could not navigate the content once the app was activated, and
83 were categorized as lowly interactive since children only
chose the story they wanted to listen to. The remaining 84
audio story apps were categorized as interactive. These were
often “choose-your-own-adventure” stories, where children’s
choices determined how the stories progressed. Others either
asked children questions throughout the story or required chil-
dren to say specific words (e.g., in response to a “please repeat
after me” command) for the story to continue.

Code value Value definition n %

Non-interactive | Users have no control over the con- | 133 24.8%
tent after app activation

Lowly interac- | Users may choose from content list | 131 24.5%

tive but no control over the content once
selection is made

Interactive Users may interact with content | 271 50.7%
throughout the app

Table 2. Interactivity levels (rn = 535)

Gamification

None of the non-interactive and lowly interactive apps con-
tained gamification elements. As such, we excluded these apps
from the coding results and only examined the 271 interactive

apps.

Among the 271 apps that provided a high level of interactivity,
almost half employed one or multiple gamification techniques



(see Table 3). Customization was the most commonly seen
technique; over a quarter of the apps allowed children to de-
cide how they would like the stories to progress (26.6%, n
= 72), and ten apps allowed users to customize the charac-
ter names and use the names throughout the app (3.7%, n =
10). About 20% of the apps (n = 58) utilized a reward system
where children earned points or were praised for answering
questions correctly. Ten percent of apps contained leveling,
in which children may unlock a more difficult challenge by
accumulating a certain amount of points (n = 28). Multiple-
player games that allowed children to engage simultaneously
and compete with each other were less common; only 6% of
the apps utilized such strategy (n = 17). Interestingly, in cases

multiple-word responses in a specific context were the least
common; only 12 apps (4.4%) utilized such questions.

There was an interplay between the apps’ learning activities
and the types of conversational prompts included in the apps.
The most common type of prompts among questioning and
answering apps were free responses, while the most common
prompt type for trivia games and story generating apps was
one-word responses. Audio stories and lessons most frequently
utilized multiple- choice prompts. Repetition and open-ended
prompts were only rarely included in apps for any of the
learning activities.

. Code value Value definition n %
when users indicated that they would play the game alone, Multiple-choice | Users select options from a list 169 | 62.3%
these apps usually generated a virtual opponent. One-word Users provide a single word in a cer- | 67 24.7%
response tain field (e.g., color, food)

Code value Value definition n % Free response Users can respond anything 19 7.0%
Not present 129 47.6% Repetition Users repeat what the app says 14 5.2%
Customization Users may alter learning progress | 82 30.3% Open-ended Users answer a “what,” "when," | 12 4.4%

(e.g., choose-your-own adventure) prompt "where," "how," "why" question

or configuration (e.g., character

name)

Rewarding Users may get points for answering | 58 21.4%
questions correctly

Leveling Users may progress to more chal- | 28 10.3%
lenging levels

Multi-players Users may play the apps with nearby | 17 6.2%

users or with virtual players

Table 3. Gamifications (z = 271, non- and lowly-interactive apps ex-
cluded). Multiple gamification elements may be used in one single app.

Conversation Design

As defined above, apps with low or no interactivity merely
allow users to use voice command to activate or select content
from the app; they do not provide opportunities for users
to "converse" with the agent about the content. Therefore,
conversation design was coded for apps that were categorized
as interactive (271 apps).

Conversational prompts

For the 271 apps that provided high interactivity, we coded the
nature of the conversational prompts (see Table 4). Multiple-
choice questions that listed two to four options were the
most common type of prompts, which were used in 169 apps
(62.3%). These prompts were either for children to navigate
a choose-your-own-adventure story (e.g., “Where would you
like to explore first? Inside the house or outside the house?”),
to answer a quiz (e.g., “What color is a polar bear? Is it
white or is it red?”), or to answer yes-or-no questions about
whether a statement related to a story is correct. The second
most prevalent type of prompts asked children to provide a
single-word response in a specific field (e.g., an animal, color,
number, letter, or a sight word they have just learned), which
was incorporated in 67 apps (24.7%). These prompts were
mostly used in word guessing games or vocabulary learning
apps. Another 19 apps (7.0%) prompted users to freely express
their thoughts, usually used for the story creation apps. For
example, the agent prompted children by saying “Imagine this
is a sunny day. What would happen?” Fourteen of the high-
interactivity apps (5.2%) incorporated repetition prompts that
ask children to repeat exactly what the agent has said earlier.
Open-ended questions (e.g., wh- questions) that encouraged

Table 4. Conversational prompts (z = 271, non- and lowly-interactive
apps excluded). Multiple conversation prompting strategies may be used
in one single app.

Feedback

We first coded feedback for valid responses (see Table 5).
Among the 271 interactive apps we coded, 188 apps asked
children fact-based questions that had correct or incorrect an-
swers, and the other 83 apps did not. Among the 188 apps
asking questions that had correct or incorrect answers, 20 apps
(7.4%) did not provide responsive feedback; these 20 apps
responded the same way regardless of users’ voice input. For
example, an app asked children to recall a story fact based on
a story they had just heard, but did not acknowledge whether
the child’s recall was correct. Another app prompted children
to provide a noun in a specific group (e.g., “tell me an animal
name’), but in the cases when users offered a word not from
the required group (e.g., children responded a color name), the
agent did not point this out. In addition to the 20 apps, the
rest of 168 apps with correct or incorrect answers provided
one form or a combination of different forms of responsive
feedback. Praise was the most common type of feedback (n
=116, 42.8%), sound effects was the second most common
type (n =90, 33.2%), and corrective was the third most com-
mon type (n = 64, 23.6%). Less apps provided elaborative
feedback that contained explanations or further instructions
(n = 44, 16.2%). There were also 12 apps (4.4%) that re-
peated the child’s answer before assessing it. Among the apps
that were not intended to assess correct or incorrect responses
(n = 83), all responded to children responsively. Sixty-five
apps (23.9%) continued the story or conversation based on
children’s choices if child utterances were recognizable. Ten
apps (3.7%) responded to child’s questions, and 8 apps (3.0%)
repeated exactly what the child said.

Apps also responded to unrecognizable input differently (see
Table 6). When a user gave an edge response, some apps apol-
ogized (17.7%, n = 48) or/and acknowledged their inability
to understand the user’s input or inability to perform the task
a user commands (14.4%, n = 39), with most using language
and tones that did not seem friendly to a child (e.g., “Sorry. 1



Table 5. Feedback to valid responses (n = 271, non- and lowly-interactive
apps excluded).crt = apps that ask questions with correct or incorrect
answers; non-crt = apps that ask questions without correct or incorrect
answers.

don’t understand.” “I didn’t catch that.”). About half of the
apps repeated the same question (48.3%, n = 131) or preceded
the questions by encouraging the child to attempt a second
time (e.g., “Let’s try again!”; 45.4%, n = 123). There was a
considerable proportion of apps (22.9%, n = 62) that treated
edge responses as incorrect answers.

Code value Value definition n n % Code value Value definition n %
(crt) | (non Apology e.g., “Sorry” 10 3.7%
crt) Acknowledgement | e.g., "I don’t understand.” "I can’t | 12 4.4%
Praise e.g., “Great job!” 116 | 0 42.8% help with that."
Sound effects e.g., rising sound or claps for | 90 0 33.2% Repetition of | Repeating the same question with | 223 82.3%
correct answers prompts same or slightly different wording
Continuation of | Narration proceeds according | 0 65 | 24.0% Encouragement Encouraging a user to try a second | 56 20.7%
narration to user responses time (e.g., "try again!")
Corrective Evaluating whether a response | 64 0 23.6% App discontinued | The app does not follow-up or re- | 9 3.3%
is correct or not. (e.g., “That’s prompt and crashes silently after a
right!”) period of time
Explanation Explains why user’s response | 44 | 0 16.2% Incorrect Treating edge responses as incor- | 62 22.9%
is correct or incorrect rect response
Repetition of user | Repeating what a user says 12138 74% Table 7. Feedback to no user input (z = 271, non- and lowly-interactive
mnput apps excluded). Multiple feedback strategies may be used in one single
Answers to user | Answering the questions asked | O 10 | 3.7% app.
questions by users
Non-responsive Apps do not respond based on | 20 0 7.4%
user input

more accessible for children to answer. For example, an app
first asked, “Would you like a muffin or banana cake?” If the
child produced an unrecognizable answer, the app rephrased
the question as “What would you like? Please say muffin or ba-
nana cake.” Another app used a similar strategy but rephrased
a multiple-choice question into a yes-or-no question. In ad-
dition, 10 apps (3.7%) provided options that children could
choose from to help them respond to the prompt. Another
question-and-answer app provided an example question for
children if they did not ask a question the app could recognize.

Code value Value definition n %
Not present 233 86.0%
Word definition Users may request definition of a | 22 8.1%

word
Cues Apps provide hints when a user | 10 3.7%
fails to respond appropriately
Contextual infor- | Apps provide additional back- | 6 2.2%
mation ground information

Table 8. Learning scaffolding (n = 271, non- and lowly-interactive apps

Code value Value definition n %
Apology e.g., “Sorry” 48 17.7%
Acknowledgement | e.g., "I don’t understand.” "I can’t | 39 14.4%
help with that."

Repetition of | Repeating the same question with | 131 48.3%

prompts same or slightly different wording

Encouragement Encouraging a user to try a second | 123 45.4%
time (e.g., "try again!")

Incorrect Treating edge responses as incor- | 62 22.9%
rect response

Table 6. Feedback to unrecognizable user input (z = 271, non- and lowly-
interactive apps excluded). Multiple feedback strategies may be used in
one single app.

For the cases when children did not respond when a prompt
was asked (see Table 7), almost all of the apps (n = 223, 82.3
%) repeated the exact same prompt, and 56 apps (20.7%)
encouraged children to respond by saying, for example, “/
really want to know what you think!”” A considerable portion
of apps treated no voice input as if unrecognizable input; the
apps apologized for (n = 10, 3.7%) and acknowledged (n = 12,
4.4%) their failure to interpret the user response. A few apps
discontinued without a voice input after users’ nonresponse.

Scaffolding

Table 9). Indeed, these two forms of scaffolding were rarely
incorporated in the apps we analyzed. Most of the apps (
n =233, 86.0%) did not provide learning scaffolding where
children were allowed to ask for hints, contextual information,
or definitions of words. Conversation scaffolding was also un-
common, 226 apps did not include such scaffolding (16.6%).
When children produced unrecognizable answers, 37 apps
(13.7%) rephrased the wording of questions to make them

excluded). Multiple scaffolding strategies may be used in one single app.

Code value Value definition n %
Not present 226 83.4%
Rephrase Apps rephrase a question in sim- | 37 13.7%
pler language

Options Apps provide multiple options for | 10 3.7%
a user to choose from

Examples Apps provide example input | 1 0.0%
phrases a user may model after

Table 9. Conversation scaffolding (n = 271, non- and lowly-interactive
apps excluded). Multiple scaffolding strategies may be used in one single
app.)

DISCUSSION

Given that voice-based apps are relatively new, guidelines for
designing educational voice-based apps for young children
have not yet been established. It is thus necessary to create
such guidelines by leveraging prior knowledge in the fields of
child development, education, and human-computer interac-
tion. In this paper, we first developed an evaluative framework
along seven dimensions in three focal aspects (i.e., learning
content and goals, interactions and gamifications, and conver-
sation design). We then used this framework to evaluate how
well currently available voice-based apps are designed to meet
young children’s learning needs.



The first focal aspect we focused on was the apps’ learning con-
tent and goals. Regarding learning activities, the current apps
covered a wide range of learning activities. Given that story
reading is a vital source of literacy exposure in early child-
hood, it is encouraging that the majority of apps emphasized
this activity [10]. In particular, a considerable number of apps
allowed children to engage in “choose-your-own-adventure”
stories or create their own stories by choosing story elements.
These activities encouraged children’s active participation and
creativity [41]. However, we also found that many apps merely
quizzed children on their prior knowledge and did not extend
children’s knowledge base. Also, we found that explicit in-
struction was heavily used in the apps that involved vocabulary
and foreign language lessons. The apps typically taught chil-
dren a new word and provided its definition without situating
it in any context. While such explicit instructions may be
effective in teaching children some skills in the short term, this
kind of app may not be attractive for young children and may
be less effective in promoting children’s long-term interest in
literacy [10]. Regarding goal clarity, we found that almost
half of the apps explicitly presented a clear objective to the
users, making it clear what to expect in the play. Nevertheless,
many apps simply involve playing an audio story that does not
solicit user input, for which it may not be necessary to present
users with the over-arching goals.

The second focal aspect we focused on was interactions and
gamifications. We noted that almost half of the voice apps we
studied lacked on-going interactivity. This is disappointing
because young children can more readily engage with spoken
prompts than with haptic interactions or text-based prompts.
Spoken prompts may require fewer cognitive resources from
young children as compared to the latter types which may
require sophisticated fine motor or literacy skills [60]. Among
the voice-based apps that did build in interactivity, many of
them also incorporated gamification to enhance the playfulness
of the apps. These gamification techniques were similar to
those typically used in tablet-based or computer-based apps
[8,38].

The third aspect we focused on was conversational design,
a feature essentially unique to voice-based apps. Regarding
conversational prompts, most currently available voice-based
apps utilized multiple-choice prompts rather than open-ended
prompts. Multiple-choice prompts constrained children’s re-
sponses to a small range of pre-selected options, thus mini-
mizing the programming and interaction issues accompanying
unbounded user responses. However, open-ended prompts are
more ideal for learning and interaction [52]. As such, despite
the potential programming and design challenges, we believe
allowing open-ended responses is vital for maximizing the ed-
ucational benefits of an app. In terms of the feedback features,
many apps were designed to follow up according to children’s
responses, but these apps varied in the quality of feedback
they provided. Very few apps offered the type of elaborative
explanation that has been proven to help children clarify their
confusion or solidify their understanding [34,39]. In addi-
tion, very few apps provided scaffolding to ease children’s
communication and learning, and an equally small number
adopted strategies to prevent conversation breakdown in cases

where apps consistently fail to understand children’s speech.
This kind of scaffolding is especially important for facilitat-
ing children’s interactions with apps that only entail a voice
interface [9].

In summary, through these analyses, we identified the com-
mon and missing educational design features of voice-based
apps available on the market. Apps were designed to carry
out a wide variety of literacy activities that mirror the ones
children usually engage in at home or at school, yet many of
the apps lack interactivity that encourages children’s verbal en-
gagement. Moreover, it appeared that the conversation needs
to be developed through an educational lens, with questions
that better stimulate thinking and scaffolding that keeps the
conversation within children’s developmental levels.

Based on the results discussed above, we propose several
recommendations for future app development:

e Clarify the target age range of potential users. We no-
ticed that most of the apps did not specify the intended age
range of users. This may indicate that many developers do
not initially determine a target age range, which makes it
difficult to develop apps that meet users’ specific needs.

e Leverage the conversation technologies to promote in-
teractive learning. Many apps we reviewed were not cate-
gorized as interactive. We recommend more apps incorpo-
rate interactivity to provide children with more opportunities
to engage in conversation. Such interactions should aim
to provide children with more enjoyable and playful user
experiences.

e Encourage less-restricted verbal expressions. We found
that prompts that restrict children’s voice responses into sin-
gle words were heavily used among the apps we reviewed.
We recommend that more apps seek to promote a higher
level of verbal engagement by incorporating open-ended
prompts. While this may introduce more challenges on the
programming side due to the decreased predictability of
children’s responses, the learning advantages are worth the
effort.

e Provide elaborative feedback. We found that many apps
did not provide children with the kind of elaborative feed-
back that could guide children’s future learning. We encour-
age more apps to incorporate elaborative feedback, which
provides additional information to children.

e Provide scaffolding to support conversation. Children
may encounter challenges when interacting with voice in-
terfaces which may undermine the productivity of the apps.
We propose that future apps provide conversational scaf-
folding, which may adjust the conversation based on the
child’s responses. For example, an app could rephrase the
prompt with more accessible language if a child has diffi-
culty responding to the prompt.

e Introduce a break-down prevention mechanism. We no-
ticed that many apps crashed silently or discontinued if a
child consistently provided responses that the app could not
understand. We recommend that apps be designed to be



defensive against breakdown. This could be achieved by ei-
ther incorporating scaffolding features mentioned above, or
in the cases where children fail to respond to the scaffolding
prompts, the apps could provide a default fallback response
to keep the app going.

CONCLUSION

In this study, we developed a framework to evaluate the educa-
tional design features of voice-based apps and then used this
framework to evaluate existing literacy-focused voice-based
apps. This study presents a case of how to evaluate and design
voice apps in light of the extant knowledge of how young
children communicate and learn. The design dimensions eval-
uated in this study, including app learning activities, goal
clarity, interactivity, gamifications, conversational prompts,
feedback, and scaffolding, may be used as a guideline for
future app evaluation and development. Given the emerging
prevalence of voice apps for young children, this study may
be an important step in actualizing the potential of voice tech-
nologies in enriching children’s entertainment and educational
experiences.

SELECTION AND PARTICIPATION OF CHILDREN
No children participated in this work.
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