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Abstract

In the present paper, we assess whether website
rating systems are useful for selecting educational
apps for preschool age children. We selected the
10 highest scoring and 10 lowest scoring apps for
2—4-year-olds from two widely used websites (Good
App Guide; Common Sense Media). Apps rated
highly by the two websites had a higher educational
potential as assessed by a validated questionnaire for
evaluating the educational potential of apps and were
more likely to include a learning goal and feedback
compared to low scoring apps. However, high scor-
ing apps scored on average just 9/20 for indicators
of educational potential, and both high and low scor-
ing apps had poor language quality as determined by
psycholinguistic and construction type analyses. We
argue that website rating systems should also include
quality of feedback, adjustable content, social inter-
actions, storyline and a more fine-grained analysis of
language in their assessments.
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Practitioner notes

What is already known about this topic

» Appropriately designed apps for preschool age children have the potential to teach
early school readiness skills.

+ Selecting high quality educational apps for preschool age children is challenging.

* The children's app marketplace is currently unregulated.

What this paper adds

» We assess whether two leading app rating websites are useful for selecting edu-
cational apps for preschool age children.

+ Children's apps rated highly by two app website rating systems had a higher edu-
cational potential than low rated apps as measured by a research informed app
evaluation tool.

* In-depth analysis of the language in apps shows that highly rated children's apps
on app rating websites may not enrich a child's early language environment.

Implications for practice and/or policy

 Children's app rating website assessments should include potential for feedback,
language, adjustable content, storyline and social interactions.

* Policy should be implemented for app ratings in the app stores or on website app
rating systems.

INTRODUCTION

Children's touchscreen apps are increasingly used in preschools (eg, Neumann & Neumann,
2017), and research recognises the potential of touchscreen apps for preschool age children
as a valuable educational tool (Griffith et al., 2020). Children aged 0-5 in the UK use a vari-
ety of apps, some of which can support play and creativity. However, some of the apps most
widely used by this group are not aimed at their age range (Marsh et al., 2018). Behnamnia
et al. (2020) found that digital game-based learning can help children aged 3-6 years de-
velop creative skills and critical thinking, and can facilitate knowledge transfer. In the UK,
the Department for Education (2020) recommend six apps for literacy and language learn-
ing for preschool age children to support the development of early school readiness skills.
However, not all touchscreen apps are created equal. The app marketplace is currently
unregulated and as a result, app developers can choose to market their app as educational
rather than needing to meet key criteria. We argue that policy needs to be implemented
for educational app ratings, specifically for children's apps, similar to ratings for the age of
computer games (eg, Pan European Game Information (PEGI)), movies and websites to be
accessed via mobile devices (eg, British Board of Film Classification (BBFC)). At present,
caregivers could select an educational app for their children based on a number of issues
including whether the app has an educational aim (eg, to teach children colours), marketing
materials which label apps as educational or websites which offer independent app ratings.
Understanding how to select good quality educational apps is essential to ensure that the
time children spend using touchscreens is constructive.

Crucially, research by Dardanou et al. (2020) shows that parents of children aged 0-3
from different cultures (Norway, Portugal, Japan) express the need for further guidance on
touchscreen technology use at home. Furthermore, another cross-cultural study (England,
Norway, Greece) investigating educators' approach and experiences around the use of
technology with children aged 0—3 years has shown that educators are not confident when
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integrating touchscreen technology for very young children (Fotakopoulou et al., 2020).
Educators from that study also indicated that they were not satisfied with their training re-
garding the use of technology. Those two studies show that parents and educators alike
need guidance in selecting and using technology with their children, including help in under-
standing what constitutes good quality touchscreen media for young children.

First and foremost, however, understanding what constitutes an educational app is an
ongoing challenge and debate in the literature with many app rating systems proposed to as-
sess the educational features of touchscreen apps for young children (see Kolak et al., 2021
Table 1 for review). However, these app rating systems are subject to limitations including
long lists of criteria and jargon, making them inappropriate for use by caregivers and early
years' practitioners (Kolak et al., 2021; Papadakis & Kalogiannakis, 2020).

Two tools to assess educational potential have recently been proposed, the four-pillar
framework (see Hirsh-Pasek et al., 2015; Meyer et al., 2021) and the questionnaire for eval-
uating the educational potential of apps for preschool age children (Kolak et al., 2021). The
four-pillar framework requires apps to have active learning, encourage engagement in the
learning process, meaningful learning and social interaction (Hirsh-Pasek et al., 2015), apps
can score 0—3 points on each of the four pillars with an overall app score of 4 or less indi-
cating an app with low educational potential (Meyer et al., 2021). A more comprehensive
measure of the educational potential of apps for preschool age children was proposed by
Kolak et al. (2021). The questionnaire for evaluating the educational potential of apps for pre-
school age children is a brief user-friendly tool for general audience (caregivers, educators,
app developers), which can be used alongside coding criteria for quantifying app features,
a more thorough tool for researchers (Kolak et al., 2021). The questionnaire assesses 10
key educational features of touchscreen apps: learning goal, meaningful learning, solving
problems, feedback, social interactions, opportunities for exploration, plotline, quality of lan-
guage, adjustable content and app design (see Kolak et al., 2021 for justification of these
features). These two tools have been used to assess whether apps with a learning goal
or apps marketed as educational are indicators of an educational app for preschool age
children.

Research suggests that children's touchscreen apps have room for improvement when it
comes to educational potential. Taylor et al. (submitted) found that apps with a learning goal
from the top 10 lists in the Amazon, Google and Apple app stores have a higher educational
potential and provide more feedback than apps with no learning goal. However, apps with
a learning goal rarely promoted exploratory use, adjusted content to a child's performance
or made use of parasocial interactions with onscreen characters, which can all promote
children's engagement and learning. In addition, analyses of apps labelled as educational
for preschoolers found that math and literacy apps did not scaffold children's learning by

TABLE 1 Definition of construction type and examples from the apps in the present study

Construction type Definition Apps example

Fragments Utterances without subject and predicate Almost

Copulas Utterances in which the main verb is some That's a big yawn, sleepyhead!
form of to be

Imperatives Subjectless requests for child's action Catch another fish

Questions Utterances with question syntax in the main Can you help them?
clause

Subject—Predicate Utterances with both a subject and single Look the first flower has opened!

lexical predicate

Complex Utterances with two lexical verbs When I'm scared | close my eyes
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adjusting the level of difficulty to their performance and feedback could be improved by
providing information to correct learning (Papadakis et al., 2018). Using the four-pillar frame-
work, Meyer et al. (2021) found that the majority of apps labelled as educational via app mar-
keting materials scored poorly for promoting active, engaging and meaningful learning or
promoting social interactions, with approximately 58% of apps considered to be low quality
in terms of educational potential. Thus, apps with a learning goal or marketed as educational
do not guarantee that they will be educational for young children. Other methods for care-
givers and early years' educators for selecting educational apps for preschool age children
are website app rating systems, which provide expert ratings for children's apps based on
specific criteria (eg, the Good App Guide assesses fun, ease of use and skills developed).

To date, there is no research assessing whether apps labelled as educational via gener-
ally used website rating systems are able to promote children's learning. Common Sense
Media (US) provides ratings for movies, television programmes, books, apps and games.
Their website describes using a panel of unnamed experts in child development and chil-
dren's media literacy to create their rating systems. Common Sense Media rates apps using
a 5-point system based on educational value, positive models and messages, violence,
scariness, sexy stuff, language, consumerism and commercialism, and risky and unhealthy
behaviour for apps targeting 2—4-year-olds. A comparable website in the UK, the Good App
Guide rates toys, baby products and apps submitted by developers for a fee. The Good App
Guide asks their panel of experts, who are not named, as well as a selection of children, to
assess each app. Ratings are given by both the children and experts to create a total score
for each app. The Good App Guide rates apps using 3 5-point scales for fun, ease of use
and skills' development. Given that these website app rating systems are not transparent,
there are important implications for parents. In the present paper, we investigate whether
website rating systems assess apps based on principles of children's cognitive development
and learning in the digital age to ensure that apps can effectively promote children's learning
using the questionnaire for evaluating the educational potential of apps for preschool age
children and coding criteria to quantify app features (Kolak et al., 2021).

Until recently, app rating systems have largely ignored the potential for apps to enrich
a child's early language environment by providing an additional source of language input
(see Kolak et al., 2021) and this important feature appears to be currently missing from
website rating systems. Common Sense Media limits language assessments to whether
an app contains swearing or not and the Good App Guide does not mention language at
all. In terms of providing an additional and enriching source of language input for young
children, compared to child directed speech (CDS), apps with a learning goal contain lower
frequency words similar to books, and repeat those words more often than CDS, which
potentially makes them an enriched form of input for young children (Kolak et al., submit-
ted). Research suggests that longer length utterances can support children's vocabulary
development (Rowe, 2012), children tend to acquire higher frequency words earlier than low
frequency words (eg, Swingley & Humphrey, 2018), concrete words are learnt earlier than
abstract words (eg, Gleitman et al., 2005) and words with an earlier age of acquisition (age
at which the word was learnt) may be more accessible to young children (eg, Monaghan &
Ellis, 2010). Furthermore, with respect to utterance types, research suggests that language
input sources that contain a lower proportion of fragments, copulas and imperatives, and a
higher proportion of questions, subject—predicate and complex utterances (see Table 1, for
definitions and examples) provide an enriched source of language input for preschool age
children (see Cameron-Faulkner & Noble, 2013, for a similar argument about language in
books and CDS). In the present paper, we therefore assess whether apps rated highly by
website rating systems also contain good quality and age-appropriate language.

The aim of the present study was to determine whether apps labelled as educational
by website rating systems have educational potential when assessed against principles of
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children's cognitive development and learning in the digital age. 39 high scoring and low
scoring apps labelled as educational for 2—-5-year-old children by two websites: the Good
App Guide (2020) and Common Sense Media (2020) were coded using a systematic cod-
ing scheme to assess educational potential (see Kolak et al., 2021). The Good App Guide
and Common Sense Media were chosen rather than other available website rating systems
such as Parents Choice Awards, which only includes apps with their seal of approval, and
Children's Technology Review, which requires a subscription, because they are both free
to parents and include a range of apps using their rating systems. In addition, we also con-
ducted language analyses to assess language quality (similar to Kolak et al., submitted). App
content was analysed and the following research questions were addressed in the analysis:

1. Can website rating systems accurately distinguish between apps with high educational
potential and those with lower educational potential?

2. Does the app content recommended by the website rating systems have the potential to
support children's early skill development?

METHOD
App sample

Apps were identified from two websites with media ratings for parents: Common Sense
Media and the Good App Guide on 08/01/2020. The 10 highest scoring apps and 10 lowest
scoring apps on each website (just 9 apps were identified as low scoring for the Good App
Guide) were selected using the following searches.

1. For the Good App Guide, we selected “Educational Apps” for 2-, 3- and 4-year-olds.
The apps that were identified were then sorted by “Skills rating” from highest to
lowest.

2. For Common Sense Media, we went onto “App reviews” and selected “Education” and
“Educational Games” for 2-, 3- and 4-year-olds. The apps that were identified were then
sorted by the “Stars” rating from highest to lowest.

Importantly, Common Sense Media split gaming apps into multiple categories; we there-
fore included “Educational Games” for our search on Common Sense Media to ensure we
included all educational apps. In contrast, the Good App Guide did not split gaming apps
into categories.

No apps were found to overlap between the lists of apps from our searches on Common
Sense Media and the Good App Guide. However, there were some apps (Good App Guide,
N = 3 low scoring apps; Common Sense Media, N = 6 low scoring apps; N = 7 high scoring
apps) that were no longer available on the app stores (Apple and Google Play). We explored
whether these apps could be accessed in an alternative way; once we confirmed that the
app had been taken off the app marketplace, we moved to the next app on the list. For de-
tails of the apps in our sample, see Table 2.

The apps selected within the Good App Guide top 10 apps, consisted of a selection of
maths-focused (N = 1; eg, “EduGuru Maths”), literacy-focused (N = 7; eg, “Mario's Alphabet”
and “Writing Wizzard”), and general play (N = 2; eg, “Get Well Soon Hospital with Dr Ranj”
and “Dr Panda's House”). The Good App guide bottom 10 consisted of no maths or literacy-
focused apps, but did include general play apps (N = 10; eg, “Tee and Mo bathtime” and
“Create a car”). Similarly, the top 10 apps selected within Common Sense Media also con-
sisted of a selection of maths-focused (N = 4; eg, “My First puzzles” and “Intro to maths by
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TABLE 2 Details of the high and low scoring apps from Common Sense Media and the Good App Guide
websites

Number of apps

Common Sense Media Good App Guide
High scoring Low scoring High scoring Low scoring
5-point scale rating 10 (5%) 10 (2%) 10 (5/5) 7 (2/5), 2 (3/5)
Marketed for Age 2+ 0 1 0 5
Marketed for Age 3+ 5 5 8 1
Marketed for Age 4+ 5 4 2 3
Android (Google play 1 2 3 2
store)
Apple (Apple Store) 9 8 7 7
Free apps (/10) 2 6 3 3
Price range of paid £1.99-£4.99 £1.99-£3.99 £1.99-£19.99 £1.99-£3.99
apps

Montessori”), literacy-focused (N = 4; eg, “ABC Go” and “Intro to letters by Montessori”)
and general play (N = 2; eg, “First school” and “The monster at the end...”) apps. Within the
bottom 10 apps rated by Common Sense Media, there were math-focused apps (N = 3;
eg, “Vegetable Maths Masters” and “Fiete Puzzles”), literacy-based apps (N = 1; eg, Juno
lamb learn letters”) and general play apps (N = 6; eg, “Octonauts” and “BubbleBud Kids
Universe”).

Data collection

Each app was downloaded and used for 5 min by the third author. The apps were used in
a systematic way by using all available features on the screen just once and completing
activities in the order suggested by the app, ensuring that the main features of the app were
explored during the five-minute period (see Kolak et al., 2021 for justification). The in-device
screen recorder was used to capture the 5-min app use.

Coding

Apps' educational potential was assessed using the questionnaire for evaluating the edu-
cational potential of apps, and apps' features were coded using criteria for quantifying app
features developed by Kolak et al. (2021). Additionally, an in-depth language analysis was
performed on the language present during app use.

For the questionnaire for evaluating the educational potential of apps, the first and second
authors scored the apps using the 10 questionnaire items: learning goal, meaningful learn-
ing, solving problems, feedback, social interactions, opportunities for exploration, plotline,
quality of language, adjustable content, and app design. Each item can score 0—2 points
giving an educational potential index of between 0—20 for each app. The 5-min app screen
recordings were assessed individually by the first and second author using the tool. The
discrepancies were discussed and resolved between the coders. Inter-rater reliability was
high (x = 0.911, p < 0.001).
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For the coding criteria for quantifying app features, app recordings were coded in ELAN
v5.9 using the template by Kolak et al. (2021). Coding commenced at the first point each app
had fully loaded and in-app play was available to commence. Each screen shown during
app use was coded for 11 categories using the coding criteria for quantifying app features
to assess the frequency of: touch gestures, activity type, activity goal, screen elements,
background complexity, background sound, other app interactions, presence of feedback,
feedback delivery method, content of the feedback and object property. 15% of apps (N = 6)
were double coded by the second author of the manuscript. The inter-rater reliability was
high (x = 0.880, p < 0.001).

To measure language potential for learning in our app sample (ie, its age-appropriateness
and variety and depth of language usage), we focussed on five psycholinguistic measures:

1. The proportion of different utterance types (fragments, imperatives, questions, copulas,
subject-predicate, complex). All the utterances from the apps were transcribed by the
third author of the manuscript, and each utterance was coded for its grammatical
construction type by the second author according to the taxonomy used in Cameron-
Faulkner and Noble (2013), which is based on standard linguistic criteria. For the
construction types and their definitions, as well as examples of these constructions,
see Table 1.

2. Mean length of utterance (MLU), which measures the number of words the utterance con-
tains and is an indicative measure to characterise quality of language input (Dickinson &
Porche, 2011).

3. Word frequency, which was taken from a corpus of child-appropriate speech from televi-
sion programmes aimed at children aged up to 6 years. This corpus was derived from
transcripts of 5,848,083 words from a UK public broadcast television channel Cbeebies
(van Heuven et al., 2014).

4. Age of acquisition (AoA), the ratings were obtained from Kuperman et al. (2012).

5. Concreteness ratings of words were obtained from Brysbaert et al. (2014) on a scale from
1 (abstract word) to 5 (concrete word).

Frequency, AoA and concreteness were assigned separately for each word in each
utterance.

RESULTS

We analysed whether high rated apps differed from low rated apps in their potential to sup-
port children's early skill development, and whether this was true for both rating systems.
In this section, we first present analyses regarding the educational potential of apps, which
were based on the questionnaire for evaluating the educational potential of apps (Kolak
et al., 2021). We then proceed to the analyses of app features, which were based on the
coding criteria for quantifying app features (Kolak et al., 2021). Finally, we present the analy-
ses of language in the apps, focussing on the five psycholinguistic measures outlined in the
Coding section above.

Educational potential

In order to test whether there was a correspondence between a high rating and educational
potential and whether that was true for both rating systems, we ran a 2 (Website) x 2 (Rating)
ANOVA with educational potential as a dependent variable. We found no main effect of
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website (F < 1) and no interaction between website and rating (F < 1). The main effect of
rating was significant, F(1,35) = 13.151, p = 0.001, np2 = 0.273. High-rated apps across the
two websites had higher educational potential (M = 9.20, SD = 3.07) than low-rated apps
(M = 5.53, SD = 3.36). See Figure 1, for a breakdown of the app scores for high and low
rated apps on each website for each questionnaire item.

We also performed chi-square analysis to investigate whether the two websites differed
in the number of high- versus low-rated apps that contained a learning goal (learning goal
was one of the items in the questionnaire for evaluating the educational potential of apps).
We found that among the apps that contained a learning goal, there were more high-rated
apps in general (18/20) than low-rated apps (9/19) 4*(2) = 38.028, p < 0.001.

App features

We analysed whether high rated apps differed from low rated apps in 11 app features from
the coding criteria for quantifying app features (Kolak et al., 2021), and whether this was true
for both rating systems. We present the summary of the results in Table 3 and descriptive
statistics for each app feature in Table 4.

In summary, we found a main effect of touch gesture with tapping required by apps
more often than dragging, tracing and swiping, and dragging more often than tracing
(see Tables 3 and 4). In addition, there was a main effect of object property with static
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movement occurring more often than static and mixed (see Tables 3 and 4). For feedback,
high-rated apps were significantly more likely to contain opportunities for feedback (see
Table 3). There was also a main effect of feedback delivery method, with apps using more
audio plus onscreen feedback compared to onscreen only feedback (see Tables 3 and 4).

TABLE 4 Descriptive statistics for each app feature for high- and low-rated apps, and for the whole sample

App feature

Touch gestures

Touch gestures

Active learning
Activity type

Activity goal

Complexity of the learning environment

Screen
elements

Background
complexity

Background
sound

Other app
interactions

Feedback

Presence of
feedback

Feedback
delivery
method

Content of the
feedback

Measure

Freq of tapping
Freq of swiping
Freq of dragging

Freq of tracing

Freq of cognitive activities

Freq of stimulus-reaction

activities

Number of different goals

Mean number on the screen

Proportion of complex
background to simple

background

Freq of no sound

Freq of simple sound

Freq of music

Freq of complex sound

Mean number on the screen

Proportion of feedback to no

feedback
Freq of audio

Freq of onscreen

Freq of audio & onscreen

Proportion of ostensive feedback
compared to other feedback

App design sophistication

Object property

Freq of static

Freq of static movement

Freq of mixed

Freq of animation

Abbreviation: Freq, frequency.

Low-rated
apps (N =19)

Mean (SD)

28.68 (19.08)
10.32 (19.93)
9.58 (15.64)
0.89 (2.92)

17.26 (17.97)
14.84 (21.26)

10.80 (8.23)

7.40 (9.16)

0.62 (0.36)

2.15 (7.09)
6.10 (10.79)
8.10 (10.75)
20.30 (24.74)
1.39 (0.85)

1.00 (0.00)

1.20 (2.90)
1.10 (3.14)
7.90 (6.84)
0.82(0.37)

2.84 (5.69)
9.84 (8.40)
5.05 (7.54)
19.16 (25.66)

High-
rated apps
(N = 20)

22.20 (18.82)
4.90 (12,33)
8.70 (10.18)
2.55 (5.93)

22.90 (12.32)
10.30 (20.77)

11.00 (6.63)

6.89 (2.14)

0.39 (0.39)

11.70 (17.51)
13.20 (17.33)
9.35 (16.06)
6.60 (9.33)
2.11 (2.34)

0.97 (0.12)

3.06 (8.81)
1.59 (3.02)
10.71 (11.17)
0.91 (0.26)

5.75 (8.42)
22.90 (20.96)
9.25 (9.85)
2.80 (5.28)

All apps
(N =39)

28.68 (19.08)
7.54 (16.48)
9.13 (12.96)
1.74 (4.72)

20.15 (15.40)
12.51 (21.03)

10.90 (7.38)

714 (6.57)

0.50 (0.39)

6.93 (14.04)
9.65 (14.70)
8.73 (13.50)
13.45 (19.72)
1.75 (1.78)

0.98 (0.09)

2.37 (7.18)
1.41 (3.02)
9.67 (9.74)
0.88 (0.31)

4.33(7.27)
16.54 (17.58)
7.21 (8.94)

10.77 (19.86)
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Finally, there were two significant interactions, website rating by background sound and
website rating by object property (see Table 3). Specifically, high-rated apps had higher
frequency of no sound (p = 0.033) and lower frequency of complex sound (p = 0.029)
than low-rated apps (see Figure 2). High-rated apps also had a higher frequency of static
movement (p = 0.016) and lower frequency of animation (p = 0.009) than low-rated apps
rated (see Figure 3).

Language analysis

In order to present an in-depth assessment of the features of language in the apps, we
present the utterance types' analysis followed by the analysis of MLU, frequency, AoA and
concreteness. Out of 39 apps, 23 contained language: 11 from Common Sense Media (5
high-, 6 low-rated) and 12 from Good App Guide (8 high-, 4 low-rated). Chi-square analysis
showed that the two websites did not differ in the number of high-rated versus low-rated
apps that contained language, y*(1) = 1.051, p < 0.305.

We first compared the proportion of different utterance types between the websites and
high- versus low-rated apps. We ran a series of 2 (Website) x 2 (Rating) ANOVAs sep-
arately for each construction type. Summary of the results is presented in Table 5. Apps

30 Rating
— High-rated apps
25 = Low-rated apps
20
&
5 Al
215
4
= =
10
S
0
No sound  Simple sound Music Complex

sound

Background sound
FIGURE 2 The interaction between high- versus low-rated apps and background sound
Rating

— High-rated apps
Low-rated apps

Frequency
b =t [ [%] w
(=} w o v o

.
|
|

i

=]

Static Static Mixed Animation
movement
Object property

FIGURE 3 The interaction between high/low-rated apps and app design sophistication
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TABLE 5 Utterance types analysis: summary of the analyses (n.s. means non-significant)

Interaction between

Main effect of website Main effect of rating website x rating
Fragments n.s. n.s. n.s.
Copulas n.s. F(1,19) = 4.886, n.s.
p = 0.040, ,? = 0.205

Questions F(1,19) = 7.184, n.s. n.s.

p =0.015, npz =0.274
Imperatives F(1,19) = 4.039, n.s. n.s.

p =0.050, 7,2 = 0.175
Subject-predicate n.s. n.s. n.s.
Complex n.s. n.s. n.s.

from the two websites differed in the proportion of questions, with apps recommended by
Good App Guide (M = 0.07, SD = 0.08) having a higher proportion of questions than apps
recommended by Common Sense Media (M = 0.01, SD = 0.03). They also differed in the
proportion of imperatives, with apps recommended by Good App Guide having a lower pro-
portion of imperatives (M = 0.10, SD = 0.12) than apps recommended by Common Sense
Media (M = 0.26, SD = 0.21). In terms of the differences between the high- and low-rated
apps, the two groups of apps differed only in the proportion of copulas, with low-rated apps
having a higher proportion of those constructions (M = 12.77, SD = 3.19) than high-rated
apps (M = 3.37, SD = 2.81). For the proportional frequency of each utterance type in the two
websites, separately for high- and low-rated apps, see Figure 4.

For the descriptive statistics regarding the frequency, AoA and concreteness, see Table 6.

In order to investigate whether high- versus low-rated apps differ in the MLU, and whether
this is true for both rating systems, we ran a mixed-effects model with MLU as the depen-
dent variable, a fixed effect of rating (high- vs. low-rated apps) and website (Common Sense
Media, Good App Guide), an interaction between website and rating, and a random intercept
for individual app. For this analysis, each utterance was counted as a separate observation.
The model was fitted with inverse-Gaussian function. As can be seen in Table 7, no signifi-
cant main effects or interactions were observed.

In order to explore whether high- versus low-rated apps differ with respect to the frequency,
concreteness and AoA of words they include, and whether this is true for both rating sys-
tems, we ran three mixed-effects models with the frequency, AoA or concreteness as the
dependent variable, fixed effects of website and rating, an interaction between website and
rating, and a random intercept for app. Each word type in an individual app was counted as
a separate observation, with words weighted according to the number of repetitions within
the app. Frequency was log transformed. The models were fitted with an inverse-Gaussian
function. The psycholinguistic variables analysed in this study are intercorrelated (eg, Balota
et al., 2004); thus we initially aimed to include the remaining variables as predictors in a model
when investigating one of the variables, to account for variance associated with other vari-
ables. However, the models with added variables did not converge, and thus, they had to be
simplified as described above.

The model results for frequency are presented in Table 8. We found a significant main effect of
rating, with low-rated apps including lower frequency words than high-rated apps. Interestingly,
we also found an interaction between website and rating, which showed that the effect of fre-
quency was driven by the apps rated by Common Sense Media website (see Figure 5).

The models for AoA and concreteness did not reveal any significant main effects or inter-
actions (see Tables 9 and 10).
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TABLE 6 Descriptive statistics for frequency, AoA and concreteness for high-rated and low-rated apps in

the two websites

Common Sense Media Good App Guide

High-rated Low-rated High-rated Low-rated

Mean (SD)
MLU 3.76 (0.25) 4.30 (0.32) 5.98 (0.26) 5.02 (0.38)
Log frequency 2.89 (0.07) 2.46 (0.10) 3.00 (0.07) 3.01 (0.08)
Concreteness 2.60 (0.08) 2.80 (0.12) 2.63 (0.07) 2.56 (0.09)
AoA 4.67 (0.08) 4.63 (0.12) 4.52 (0.07) 4.61 (0.08)

TABLE 7 Mixed model results for the analysis of MLU
Estimate SE t p

Intercept 4.84 1.10 4.40 <0.001
Website 0.54 1.34 0.40 0.69
Rating -0.45 1.44 -0.32 0.75
Website:Rating 0.07 1.87 0.04 0.97

Note: R syntax for the model:

glmer(MLU ~ (1 | app) + website*rating, data=data1, gimerControl(optimizer="bobyqa", optCtrl = list(maxfun = 10000)),
family=inverse.gaussian(link = "identity")).

DISCUSSION

The aim of the present study was to determine whether apps labelled as educational by
website rating systems (Good App Guide and Common Sense Media) relate to validated
measures when assessed by research informed rating tools of educational potential (Kolak
et al., 2021) and whether they have good quality, age-appropriate language. Crucially, the
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TABLE 8 Mixed model results for the analysis of log frequency

Estimate SE t P
Intercept 403.91 11.44 35.30 <0.001
Website 3.96 14.74 0.27 0.79
Rating -82.53 14.63 -5.64 <0.001
Website:Rating 95.83 22.56 4.25 <0.001

Note: R syntax for the model:
glmer(log_freq ~ rating*website + (1 | app), data=data1, weights = repetitions, gimerControl(optimizer="bobyqa", optCtrl =
list(maxfun = 10000)), family=inverse.gaussian(link = "identity")).

4.0 ‘Website
— CommonSenseMedia
~— GoodAppGuide
35
>
=
£
E] —
g 3.0
&
o0
=]
-
25
2.0
High Low

FIGURE 5 Aninteraction between website and rating for the log frequency analysis

TABLE 9 Mixed model results for the analysis of AOA

Estimate SE t p
Intercept 96.11 9.96 9.66 <0.001
Website -18.49 13.00 -1.42 0.155
Rating 8.07 13.13 0.61 0.54
Website:Rating 8.70 18.30 0.46 0.64

Note: R syntax for the model:
glmer(aoa ~ rating*website + (1 | app), data=data1, weights = repetitions, gimerControl(optimizer="bobyqa", optCtrl =
list(maxfun = 10000)), family=inverse.gaussian(link = "identity")).

app evaluation tools (Kolak et al., 2021) used in the present study were created based on the
principles of EYFS framework and were previously assessed for both reliability and validity.
Thus, the assessment of apps in the present study is closely aligned with the EYFS learning
goals. For example, some of the prime areas of learning and development as outlined in the
EYFS framework are ‘communication and language’ and ‘literacy’, which include providing
children with opportunities to hear and use new words in different contexts. Therefore, the
tools used in the present study put emphasis on the presence of high-quality language in the
apps. Another prime area outlined in the EYFS framework is ‘understanding the world’. Thus,
one of the items in the questionnaire for evaluating the educational potential of apps (Kolak
et al., 2021)—Ilearning goal—includes in the descriptive criteria “learning about places and
environment”, and another item—meaningful learning—includes in the descriptive criteria
“learning is meaningful and has a purpose (...), the content is relevant to real life”. Therefore,
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TABLE 10 Mixed model results for the analysis of concreteness

Estimate SE t P
Intercept 2.68 0.25 10.65 <0.001
Website 0.11 0.33 0.32 0.75
Rating 0.01 0.35 0.04 0.97
Website:Rating -0.43 0.48 -0.90 0.37

Note: R syntax for the model:
glmer(concreteness ~ rating*website + (1 | app), data=data1, weights = repetitions, gimerControl(optimizer="bobyqga", optCtrl =
list(maxfun = 10000)), family=inverse.gaussian(link = "identity")).

the assessment of apps in the present study is related to the EYFS framework due to the
tools used for app evaluation.

First, we assessed the extent to which website ratings (high/low) relate to the educational
potential of the apps. We found that high scoring apps had a higher educational potential
and were more likely to contain a learning goal. We then appraised the extent to which the
website ratings related to design features that can promote learning and found that all apps
in the sample offered a high proportion of feedback with more highly rated apps containing
opportunities for feedback. Given the importance of feedback for children's learning (eg,
Callaghan & Reich, 2021) and engagement with apps, it is promising that website rating sys-
tems do differentiate apps that offer feedback. Thus, to answer our first research question,
website rating systems can accurately distinguish between apps with high and low educa-
tional potential. However, the high scoring apps were scoring only around 9 out of a possible
20 on our app evaluation questionnaire. Thus, even high scoring apps on website rating
systems have considerable room for development to increase their educational potential for
preschool age children. Apps rated highly by the two websites scored particularly low on the
quality of feedback, which should be specific and constructive to scaffold a child's learning;
adjustable content, which should adapt the app according to the child's performance (eg,
reducing the number of response options if the child enters an incorrect response); and
social interactions and storyline, which can promote children's engagement with the app
(see Kolak et al., 2021). These are therefore areas where even high scoring apps could be
improved (also see Kolak et al., 2021; Meyer et al., 2021; Taylor et al., submitted). App rating
systems therefore need to expand their assessments to incorporate specific features such
as good quality feedback and adjustable content for children's apps.

High and low scoring apps did not differ in terms of the frequency of cognitive (eg, select-
ing the missing element to complete a pattern) versus stimulus reaction activities (eg, swip-
ing to move across the screen). Cognitive activities are important for promoting children's
active learning (see Hirsh-Pasek et al., 2015). For example, young toddlers learn better from
a touchscreen app if they are required to touch the screen in a specific location rather than
touching anywhere on the screen, though for older toddlers touching the screen in a specific
location disrupted learning (Kirkorian et al., 2016). Nevertheless, website rating systems
do not differentiate apps that use more cognitive activities rather than stimulus reaction
activities.

There was no difference between apps in the complexity of the learning environment
with the exception that high-rated apps were more likely to contain no sound and less likely
to contain complex sound (two sounds playing simultaneously, eg, music and cheering).
In addition, in terms of design sophistication, high-rated apps were more likely to contain
objects with static movement (eg, a static character that moves across the screen) rather
than animations. These findings are consistent with research suggesting that sound effects
and animation can interfere with 3—6-year old's digital storybook comprehension (Reich
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et al., 2016). Thus, high and low app ratings by website rating systems can capture some of
the important features of app design and the learning environment important for facilitating
children's learning.

We also assessed whether website ratings were related to the quality and age-
appropriateness of language in apps for preschool age children. While high scoring apps
performed well in our analysis of the appropriateness of language with reference to clear
speech, child-appropriate language and good pace of speech with 70% of highly rated apps
scoring two points for the item on our questionnaire, our fine-grained analysis of language
revealed that there were no differences in terms of utterance types between high and low-
rated apps with the exception of copulas. Low-rated apps had a higher proportion of cop-
ulas compared to highly rated apps, research suggests that a lower proportion of copulas,
fragments and imperatives but a higher proportion of questions, subject-predicate and com-
plex utterances will provide an enriched source of language input (Cameron-Faulkner &
Noble, 2013). Apps rated by the Good App Guide had a higher proportion of questions and
lower proportion of imperatives than apps rated by Common Sense Media, making those
apps a potentially more enriched source of language input. However, in general, the apps
in our sample had a relatively high proportion of fragments and imperatives compared to
questions, subject-predicate and complex utterances suggesting that these apps do not
provide an enriched source of language input compared to books or CDS (see Kolak et al.,
submitted for similar findings). Given that app developers submit their apps to the Good App
Guide for review, it is possible that those app developers have given more consideration
with respect to the educational value of their app and included better quality language.
Nevertheless, high and low website ratings did not capture fine grained differences in the
quality of the language of children's apps.

The apps rated as high and low on the two websites did not differ in terms of MLU,
concreteness or AoA, but differed in terms of frequency. Specifically, for Common Sense
Media ratings, low-rated apps rated contained lower frequency words compared to high-
rated apps. This was driven by the topics of the activities within the low-rated apps; shapes
(eg, trapezoid) and food (eg, aubergine). The psycholinguistic variables for both high and
low scoring apps were broadly similar to previous analyses of children's apps, which showed
that MLU, concreteness and AoA were similar to CDS (Kolak et al., submitted). App website
rating systems therefore do not distinguish between those apps that have the potential to
enrich a child's language environment. It is important that app website rating systems should
therefore be encouraged to include language assessments in their app ratings and likewise,
app developers should incorporate good quality language into children's app design.

To conclude, we argue that while highly rated apps on websites are more likely to be
educational than low-rated apps, a highly rated app using a website rating system does not
guarantee that the app has educational potential for young preschool age children. Thus, to
answer our second research question—there is considerable room for improvement with re-
spect to the potential of app content recommended by the website rating systems to support
children's early skill development. While highly rated apps scored high for app design, and
reasonably well for opportunities for exploration, solving problems and meaningful learning,
highly rated apps did not score well for quality of feedback and adjustable content, which can
support learning or social interactions and storyline, which have a potential to keep children
motivated and engaged further supporting learning.

Furthermore, website rating systems do not assess the potential for apps to enrich a
child's language environment. Preschoolers' language skills are predictive of their literacy
development and later academic success (eg, Dickinson et al., 2019; Piasta et al., 2021),
and are also crucial for the development of other skills (Pakarinen et al., 2018; Soto-Calvo
et al., 2020). Given the considerable amount of time children spend using touchscreens
(Rideout & Robb, 2020), we argue that apps should contain good quality language to
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support children's language development (also see Kolak et al., submitted; Taylor et al.,
submitted). Website rating systems should therefore be encouraged to add a separate cri-
terion for language as part of their rating system. An example of how this could be opera-
tionalised can be found in the questionnaire for evaluating the educational potential of apps
(Kolak et al., 2021), which gives an app 2 points for the quality of language if “App always
contains age-appropriate and child-directed language; speech is clear, its pace is slow or
moderate and easy to follow. Sentences are not overly complex and not too long. Language
is comprehensible.” We therefore suggest that policy for app ratings in the app stores or on
website rating systems should also include quality of feedback, adjustable content, social
interactions, storyline and a more fine-grained analysis of language in their assessments.
Furthermore, website rating systems should be more transparent in the criteria used to
evaluate apps as well as remaining up to date with the latest research in this fast-developing
area in order that the criteria used for assessing apps are openly available to users of the
ratings systems.

The findings of this study are of use to parents and early years' practitioners who can
be made aware of how useful website rating systems are when compared to the research-
based tools for assessing apps. The findings of this paper can increase their awareness of
the strengths and weaknesses of the criteria that website rating systems use.

Limitations

We are aware that the attractiveness of apps for young children is not always in their educa-
tional value, but present in the extent to which they reflect children's hobbies and interests,
such as including their toys, their favourite TV shows and relating to their individual sense of
humour. As it was mentioned in the Introduction, previous studies acknowledged the child's
perspective on app use (eg, Behnamnia et al., 2020; Marsh et al., 2018). In this paper, the
child's perspective as the user of the apps was not taken into account because the aim of
the study was to compare whether the criteria that website rating systems use to assess the
apps allow to select high-quality apps when compared against principles of children's cogni-
tive development and learning in the digital age. We suggest that educational potential and
the child's own interest and engagement with an app are likely to be somewhat orthogonal
issues; apps can have entertainment and educational quality—not either/or of the two. In the
future studies, it would certainly we worth investigating whether preschool children's prefer-
ence for apps aligns with apps favoured by website rating systems. However, we know that
children are engaged and driven by learning goals (Hirsh-Pasek et al., 2015), which means
that educational potential enhances children's engagement with apps as well as their edu-
cational development.
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