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Digital educational applications (“apps”) are an increas-
ingly appealing tool for promoting young children’s school 
readiness and basic literacy and math skills. In particular, 
apps that run on touchscreen tablets and smartphones are 
now a ubiquitous feature of children’s homes and schools. 
For example, a recent study on app usage in schools noted 
that there are over 2,500 education apps available to school 
leaders (S. Baker & Gowda, 2018), and the market for edu-
cational software is estimated in the billions of dollars in the 
United States (Richards & Stebbins, 2014). Similarly, par-
ents are now confronted with an ever-increasing number of 
apps to improve children’s academic achievement; the num-
ber of educational and reference apps in Apple’s App Store 
has increased from 80,000 in 2015 to 200,000 in 2018 

(Hirsh-Pasek et al., 2015; Pendlebury, 2018). More recently, 
the spread of the COVID-19 pandemic has ignited efforts by 
research and policy organizations to offer free and easy-to-
use educational apps as a scalable strategy for helping young 
children acquire and maintain basic literacy and mathemat-
ics skills (U.S. Department of Education, 2020).

Despite the proliferation of educational apps designed for 
young children from preschool to Grade 3, effectiveness 
research on the causal impact of educational apps is in its 
infancy. Reviewing research on school-based educational 
apps, Haßler et  al. (2016) concluded that “the fragmented 
nature of the current knowledge base, and the scarcity of 
rigorous studies, makes it difficult to draw firm conclusions” 
(p. 139). More specifically, because children use apps in 
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diverse ways from watching YouTube, to browsing the 
Internet, to playing video games (Radesky et al., 2020; Xie 
et  al., 2018), and for a variety of other purposes, rigorous 
experimental designs are needed to isolate the causal effects 
of educational apps. Research over the past decade has 
focused on the potential and pitfalls of the medium—that is, 
touchscreen technologies—rather than the content and qual-
ity of activities on interactive apps (Madigan et  al., 2019; 
Wexler, 2019; World Health Organization, 2019).

This meta-analytic review focuses on a specific type of 
intervention—namely, educational apps designed to improve 
the literacy and mathematics skills of preschool to third-
grade children—in order to quantify mean effects and to 
identify factors that may enhance or diminish their effective-
ness (Guernsey et al., 2012; Haßler et al., 2016; Papadakis 
et al., 2018). Given the proliferation of apps targeting chil-
dren ages 3 to 9 (American Academy of Pediatrics, 2016) 
and the importance of building foundational literacy and 
math skills necessary for future academic success (National 
Research Council, 2015; Yoshikawa et al., 2016), our review 
focused on studies of educational apps for preschool to 
Grade 3.

Defining “Educational Apps”

It is critical to define the term educational app because it 
has been used inconsistently in the broader research litera-
ture. In this review, educational apps are defined as interven-
tions designed to improve prekindergarten through 
third-grade children’s literacy and mathematics skills 
(Cherner et  al., 2014; Notari et  al., 2016) through content 
delivered on smart phones, tablets, or personal computers 
(Hirsh-Pasek et al., 2015). Skill-building apps comprise the 
largest group of apps in the marketplace (Notari et al., 2016) 
and can be clearly distinguished from apps with other goals, 
including collaboration apps, learning and teaching support 
apps for instructors, communication apps, and reference 
apps. Therefore, our review of educational apps excludes 
eBooks; content-based apps that provide information like 
maps or dictionaries; function-based apps that provide tools 
for presentations, communication, and collaboration 
(Cherner et al., 2014); and apps that target domains outside 
of literacy and math, such as social-emotional skills, social 
studies, or science.

Within the academic domains of literacy and math, educa-
tional apps can also target improvement in constrained or 
unconstrained skills from preschool to third grade (Lipsey 
et  al., 2018; McCormick et  al., 2020; Paris, 2005; Snow & 
Matthews, 2016). Constrained skills are often more sensitive 
to direct teaching interventions, have a ceiling, and are mas-
tered by most children. For example, one-to-one tutoring, 
small-group instruction, and whole-classroom interventions 
typically have their largest impact on constrained skills such as 
letter knowledge, print awareness, and phonemic awareness in 

literacy and counting, sorting shapes, and simple sums in math 
(Pearson et al., 2020; Wong et al., 2008). In contrast, uncon-
strained skills include broader domains of knowledge and 
include outcomes like math problem solving and vocabulary.

What Is Known About the Effectiveness of Educational 
Apps?

Although children are spending more time on educational 
apps in both school and home contexts (Rideout & Robb, 
2020), there is surprisingly little causal evidence about their 
effectiveness or the features that enhance or diminish their 
effectiveness. To date, there is mixed evidence that educa-
tional apps improve student outcomes. Although there is 
some evidence that educational apps can improve early-
grade math skills (Schaeffer et al., 2018), a narrative review 
of apps for preschool-aged children concluded that “more 
large-scaled randomized trials of apps are needed” (Griffith 
et  al., 2020, p. 11). One way to synthesize the existing 
research with timely and rigorous evidence is to use meta-
analytic methods to combine results from small- to medium-
sized experiments and quasi experiments and to explore 
potential sources of treatment effect heterogeneity.

During the past 5 years, scholars in diverse fields such as 
developmental pediatrics, cognitive psychology, educational 
technology, and early education have published reviews of 
educational apps. As shown in Table 1, none of these previ-
ous review studies have attempted to conduct a meta- 
analysis that combines effect sizes from intervention studies 
or to explore how intervention, participant, or methodologi-
cal factors explain variation in effects. A consistent conclu-
sion in all the reviews is the need for more randomized 
experimental designs that provide stronger causal evidence 
regarding the effectiveness of educational apps and exami-
nation of the factors that moderate the effectiveness of edu-
cational apps on young children’s learning (Griffith et  al., 
2020; Hainey et al., 2016; McTigue et al., 2020).

Research Questions and Hypotheses

Both theoretical and empirical research drawn from the 
science of learning suggest interactive educational applica-
tions can support active, engaging, targeted, and varied 
practice (Bjork, 1994; Griffith et  al., 2020; Hirsh-Pasek 
et al., 2015; Pashler et al., 2007). There are several poten-
tial mechanisms through which educational apps may 
improve student learning, including the medium, the con-
text, and the affordances of gamified learning. First, touch-
screen technologies do not require young children to have 
the fine-motor skills needed to use computer keyboards 
and the mouse (Flewitt et  al., 2015; Kucirkova, 2014), 
making them an engaging medium and easy-to-use tech-
nology for young children. Second, educational apps are 
typically employed in one-to-one or small-group contexts 
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that provide additional practice for students to master basic 
skills. Similar to tutoring interventions, apps may provide 
young children with more time on task and supplemental 
supports to master basic literacy and math skills (Nickow 
et al., 2020). Third, app designers are increasingly incorpo-
rating principles of gamified learning (Chou, 2016) such as 
learning goals, interactive activities, scaffolding, and 
rewards. Recent meta-analyses of digital games and gami-
fied learning have shown medium-sized impacts on student 
learning and motivation outcomes (Clark et  al., 2016; 
Sailer & Homner, 2020; Wouters et al., 2013). Importantly, 
educational apps may afford opportunities for developers 
to personalize learning by helping children and adults 
select appropriately leveled activities that support co-
engagement with math content (Berkowitz et  al., 2015). 
Although touchscreens, mobile devices, and computers 
that run educational apps are a ubiquitous feature of chil-
dren’s homes and classrooms (Clarke, 2014; Rideout & 
Robb, 2020), no meta-analysis to date has examined the 
potential effects, noneffects, or adverse effects of educa-
tional apps on children’s academic skills or explored the 
sources of treatment heterogeneity.

What Are the Main Effects of Educational Apps on Literacy 
and Math Skills?

This meta-analytic review was motivated by two aims. 
Our first aim was to examine whether and to what extent 
educational apps produced positive and consistent main 
effects on preschool to Grade 3 students’ literacy and math 
outcomes. We hypothesized that educational apps would 
improve both literacy and math outcomes by providing tar-
geted opportunities for children to practice and develop aca-
demic skills that supplement traditional instruction 
particularly in school and classroom contexts. This hypoth-
esis was based on meta-analytic reviews of one-to-one tutor-
ing and small-group instruction provided by teachers, 
parents, or volunteers (Lipsey et  al., 2012; Nickow et  al., 
2020) that demonstrate small and medium-sized effect sizes 
in literacy (ES = 0.35) and math (ES = 0.38).

What Study Characteristics Moderate the Effectiveness of 
Educational Apps?

Our second aim was to examine whether the effects of 
educational apps were moderated by methodological, par-
ticipant, and intervention characteristics. Like other one- 
to-one tutoring and small-group interventions in the pre-
school and early elementary grades (Dietrichson et  al., 
2017), educational apps also vary along numerous method-
ological, participant, and intervention characteristics. 
Importantly, the average effect from a meta-analysis may 
conceal variability in treatment effects across studies. In par-
ticular, we explored the role of moderators that have been 
well known to explain variation in effect sizes in educational 
and behavioral intervention research, including the type of 
outcome, type of control condition, participants’ grade level, 
and intervention dosage (Lipsey et  al., 2012; Lipsey & 
Wilson, 1993). In addition, we examined the moderating 
role of intervention characteristics, particularly the quality 
of app activities and the type of skills they target (Hirsh-
Pasek et al., 2015; McCormick et al., 2020).

Type of Assessment Outcome Measure and Control Group 
Activities.  Prior research suggests that the type of outcome 
measure and control group activities moderate intervention 
impacts. In intervention studies involving preschool to 
Grade 3 children, average treatment effects are usually larger 
on researcher-developed measures that are closely tied to 
practice activities than standardized achievement tests 
(Lipsey et al. 2012; Paris, 2005). In many ways, improve-
ment on a standardized outcome measure provides an index 
of far transfer (Barnett & Ceci, 2002; National Academies of 
Sciences, Engineering, and Medicine, 2018), highlighting 
whether students have mastered a broad domain of transfer-
able knowledge that is not overly aligned with intervention 
activities (Lipsey et al., 2012; R. Wolf et al., 2020).

In addition to the type of assessment outcome, primary 
studies often find that the nature of the counterfactual may 
influence the magnitude of mean effects. That is, when stud-
ies compare educational apps to an active placebo group 

Table 1
Findings From Recent Reviews of Educational Apps

Study Type of review Findings

Hirsh-Pasek et al. (2015) Literature review Conceptual framework for defining high-quality activities on educational apps
Haßler et al. (2016) Literature review Randomized trials and longitudinal studies needed to strengthen evidence base
Jamshidifarsani et al. (2019) Analytical review Content analysis of instructional mechanisms in problems
McTigue et al. (2020) Critical review and 

meta-analysis
Meta-analysis of game-based literacy app, GraphoGame, found no significant 

main effect on word reading
Notari et al. (2016) Literature review Taxonomy to define educational apps
Papadakis et al. (2018) Content analysis Apps available through Google play promote rote learning rather than deeper 

conceptual understanding
Griffith et al. (2020) Narrative synthesis Apps for preschool-aged children confer an advantage in some domains (math)
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rather than a passive group that is untreated, the magnitude 
of the treatment contrast in student outcomes may be attenu-
ated (Griffith et  al., 2020; Xie et  al., 2018). For example, 
intervention studies of educational apps in math can include 
active placebo group activities where children in the control 
condition receive a literacy app (e.g., Berkowitz et al., 2015), 
or vice versa (e.g., Neuman, 2015). In an active placebo con-
dition, there is a more rigorous test of the content of the app 
activities since both treatment and control students are com-
pleting educational activities utilizing the same medium.

Participants’ Grade.  Next, we examined whether the effec-
tiveness of educational apps depends on the grade level of 
participating students in light of correlational research that 
paints a mixed portrait of whether educational apps, in par-
ticular, and screen time, in general, can help or hurt young 
children’s academic achievement. Past research has focused 
on highlighting the effects, non-effects, and potential adverse 
effects of screen time and app usage with young children and 
has typically focused on either preschool (e.g., Griffith et al., 
2020) or K–12 students (e.g., Cheung & Slavin, 2012). To 
our knowledge, no studies have attempted to compare mean 
effects for preschool and school-aged children. For example, 
some large-scale correlational studies have suggested that 
excessive screen time may have unintended negative conse-
quences on young children’s language and literacy develop-
ment, communication skills, and socioemotional and health 
outcomes (Hutton et  al., 2020; Madigan et  al., 2019). In 
other words, the quality of the activities that children partici-
pate in may matter as much as the amount of time using 
mobile or interactive technologies (American Academy of 
Pediatrics, 2016). Accordingly, some policymakers (World 
Health Organization, 2019) have recommended that caregiv-
ers of preschool-aged children (3–4 years old) provide no 
more than 1 hour of sedentary screen time and the use of 
high-quality apps should ideally promote shared use and 
high-quality language interactions.

On the other hand, some scholars have argued that young 
children can thrive in a digital world where screen time and 
apps are a normal feature of daily life in school and home 
(Shapiro, 2018). A synthesis that focused on the effects of 
touchscreen devices found more promising evidence that 
young children could benefit from touchscreen devices but 
did not attempt to isolate the particular effects of educational 
apps on student achievement outcomes (Xie et al., 2018). A 
question that has yet to be explored is whether the effective-
ness of educational apps depends on the participants’ grade 
level. Therefore, we examined whether educational apps 
would be more or less effective for children in preschool 
versus kindergarten to Grade 3.

Intervention Dosage.  An important malleable factor under 
the control of app designers and researchers is the amount of 
time that children are expected to work on an educational 

app. Existing research provides mixed findings on the rela-
tionship between intervention dosage and student outcomes. 
For example, meta-analytic evidence from tutoring studies 
involving one-to-one and small-group instruction has 
revealed limited differences in mean effects based on vary-
ing measures of intervention dosage such as the number of 
days per week or the total number of weeks that programs 
are offered to students (Nickow et al., 2020). The relation-
ship between app usage on mobile and interactive technolo-
gies and student outcomes remains suggestive because 
findings are largely informed by nonexperimental research. 
For example, some correlational evidence indicated that 
more screen time may predict lower student achievement 
scores for both younger and older students (Hutton et  al., 
2020, World Health Organization, 2019), but correlational 
and survey research does not provide direct evidence on the 
causal effects of time spent using educational apps on stu-
dent learning (Rideout, 2017; Kris, 2015; Livingstone, 
2016).

Quality of App Activities and the Skills They Target.  Impor-
tantly, there is growing evidence that educational apps must 
include high-quality activities that rest on research-based 
principles for improving learning more generally. In particu-
lar, educational apps should foster (a) active, engaged, and 
meaningful learning, supported by high-quality social inter-
actions and clear learning goals (Hirsh-Pasek et al., 2015), 
and (b) deliberate practice that is focused, is active, includes 
regular feedback, and interleaves varied activities across dif-
ferent contexts (Bjork, 1994; Pashler et al., 2007).

Notably, researchers and developers have begun to 
develop apps that incorporate principles on how people learn 
and tested their efficacy in real-world settings. Berkowitz 
et al. (2015) conducted a randomized controlled trial (RCT) 
of the Bedtime Learning Together math app, which fosters 
co-engagement between children and parents around daily 
math word problems and led to improvements in uncon-
strained math skills. Other educational apps such as Learn 
With Homer are designed to improve constrained literacy 
schools by providing children games to support phonologi-
cal skills in the context of structured lessons with the support 
of adults who monitored implementation fidelity (Neuman, 
2015). Both of these illustrative examples of high-quality 
apps suggest the varied skills that are targeted by educational 
apps. Accordingly, we examined whether educational apps 
in literacy and math had larger effects on constrained rather 
than unconstrained skills (Lipsey et al., 2012; Lipsey et al., 
2018; McCormick et al., 2020).

Method

Selection Criteria and Literature Search Procedures

The studies included in our review met the following five 
selection criteria. Each included study had to (a) evaluate the 
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effects of an interactive educational app, (b) include an out-
come measure of math or English language literacy skills, 
(c) provide sufficient empirical information to calculate an 
effect size, (d) include students from preschool to Grade 3 
(approximately ages 3–9), and (e) use an experimental or 
quasi-experimental design to compare the postprogram per-
formance of treatment students to control students who par-
ticipated in either an active placebo or passive control group 
activity. We excluded studies using single-group pre-posttest 
designs because they fail to protect against most threats to 
internal validity (Shadish et al., 2002).

To identify primary studies, we searched (a) electronic 
databases and targeted internet sites, (b) reference lists of 
previous research syntheses, and (c) ancestral searches based 
on reference lists of included articles. Because the original 
iPhone was released in 2007, followed by Apple’s App Store 
and Google Play in 2008, we limited our search to studies 
published in English from January 2008 to June 2020.

Electronic Databases

Figure 1 displays a PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) screening 
flowchart describing our literature searching procedures. To 
identify published and unpublished studies, we searched 
electronic databases (Academic Search Premier, PsyInfo, 
Education Source, ProQuest Dissertations and Theses, Web 
of Science) and identified an initial sample of 306 studies. 
We also conducted searches of the gray literature by hand-
searching abstracts from annual meetings for the Society of 
Research on Educational Effectiveness and the What Works 
Clearinghouse’s reviews of early literacy and math interven-
tion studies. A full list of keywords for our searches is avail-
able in the online supplemental materials (Appendix 1). 
During the screening phase, we removed 78 duplicates, 149 
studies that failed to meet inclusion criteria based on our 
review of the titles and abstracts, and 48 studies after we 
reviewed the full-text articles. An initial sample of 31 

Records iden�fied through database search (Academic Search Premier, PsychInfo, Educa�on 
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Records a�er 78 duplicates removed
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(n = 228)

Records excluded
(n = 149)

(n =  306)

(n =  228)

Full-text ar�cles assessed 
for eligibility

(n =   79)

Full-text ar�cles excluded 
for not mee�ng inclusion 

criteria 
(Not RCT or QED, No Math 

or Literacy Outcome, 
Outside of Age Range, 
Non-English Literacy 

Outcome)  
(n = 48)

Ini�al Meta-Analysis 
Sample
(n = 31)

Replica�on and extension 
of search process yields 5 
addi�onal studies mee�ng 

criteria for final Meta-
Analysis Sample

(n = 36)

21 ar�cles double coded 
for mee�ng inclusion 
criteria. 90% absolute 

agreement, Cohen’s kappa 
= 0.73

Figure 1.  Visual representation of the literature search and inclusion results.
Note. WWC = What Works Clearinghouse; RCT = randomized controlled trial; QED = quasi-experimental design.
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included studies published from January 2008 to June 2019 
was identified. We replicated this search process to update 
the review through June 2020 and found five additional 
studies that contributed to the final sample of 36 studies.

Procedures for Coding Studies

We developed a codebook to extract information from 
each of the 36 studies. The codebook was based on previous 
meta-analytic reviews of literacy intervention studies and 
prior research indicating the factors that would influence 
student outcomes (Durlak et al., 2011; Guo et al., 2020; J. S. 
Kim & Quinn, 2013; Lipsey et al., 2012; Marulis & Neuman, 
2013). In particular, we coded for the content of educational 
app (math or literacy) and key methodological, participant, 
and intervention characteristics.

Table 2 indicates that over 90% of the studies were pub-
lished in the past 5 years (2015–2020), suggesting this 
review is providing the most updated information on the 
effectiveness of educational apps. Most studies were pub-
lished in peer-reviewed journal articles (67%), employed 
RCT designs (92%), and were closely split between pre-
school (42%) and K–3 samples (58%). In terms of discrete 
grade level, 42% were preschool, 19% in kindergarten, 17% 
in Grade 1, 8% in Grade 2, and 6% each in Grade 3 and 
mixed grades. There was also substantial variability in the 
mean quality of educational apps (M = 2.40, SD = 0.48), 
with a particularly low mean score for the social interaction 
indicator (M = 1.30, SD = 0.52). Table 3 provides addi-
tional details for each of the 36 studies.

Methodological Moderator Variables.  Two critical method-
ological features that influence student outcomes are the 
type of outcome measure and counterfactual activities. First, 
because prior syntheses provide substantial evidence that 
mean effects would be larger for measures developed by 
study authors than standardized outcome measures (R. Wolf 
et al., 2020), we dichotomously coded for the type of out-
come used in the study. Researcher-developed outcomes 

Table 2
Descriptive Characteristics of Included Studies (N = 36)

Publication characteristics 
(categorical) N %

M (SD), minimum/
maximum

Year of report
  2010 1 3  
  2011 0 0  
  2012 0 0  
  2013 1 3  
  2014 1 3  
  2015 5 14  
  2016 9 25  
  2017 8 22  
  2018 9 25  
  2019 2 6  
Source of report
  Peer-reviewed journal article 24 67  
  Book or chapter 0 0  
  Dissertation 3 8  
  MA thesis 0 0  
  Private report 6 17  
  Government report 0 0  
  Conference paper 1 3  
  Other 2 6  
Research design
  Randomized controlled trial 

(RCT)
33 92  

  Quasi-experimental design 3 8  
Domain
  Literacy 12 33  
  Math 24 67  
Type of skills targeted
  Constrained 22 61  
  Unconstrained 14 39  
Assessment type
  Standardized test 14 39  
  Researcher developed test 16 44  
  Mix 6 17  
Type of control activities
  Active placebo control (yes) 10 28  
  Active placebo control (no) 24 67  
  Mix of active and passive 

control
2 6  

Grade level of participants
  Preschool 15 42  
  Kindergarten 7 19  
  1st grade 6 17  
  2nd grade 3 8  
  3rd grade 2 6  
  Mix 2 6  
  Unknown 1 3  
Intervention characteristics
  Frequency (N sessions) 32.1 (27.5), 1/120

Publication characteristics 
(categorical) N %

M (SD), minimum/
maximum

  Intensity (minutes per 
session)

21.1 (9.9), 10/50

  Duration (length in days) 87.4 (68.3), 1/270
Quality of educational app 

(average)
2.4 (0.30), 1.8/2.8

  Active 2.65 (0.48), 2/3
  Engaging 2.79 (0.40), 2/3
  Meaningful 2.32 (0.72), 1/3
  Social 1.30 (0.52), 1/3
  Learning Goal 2.93 (0.24), 2/3

 (continued)

Table 2  (continued)



7

Meta-Analysis of Educational Apps

were aligned with the intervention activities and measured 
more narrow domains of knowledge on specialized topics. 
In contrast, standardized outcomes were less aligned with 
the intervention and assessed broader domains of transfer-
able knowledge (Kraft, 2019; Lipsey et al., 2012). Second, 
as described earlier, we coded for whether studies used an 
active placebo group—where control students completed 
activities on an app targeting a different domain—or a pas-
sive, “business-as-usual” control group. Approximately one 
half of the studies used standardized outcomes and one quar-
ter used active placebo control groups.

Participant Moderator Variables.  To compare mean effects 
by grade level, we coded for the grade level/age of partici-
pating students and created a dichotomous code indicating 
whether the sample was preschool- or school-aged (there 
were no studies that included both prekindergarten and older 
children).

Intervention Moderator Variables.  To determine the 
moderating role of intervention features, we coded for 
three features. First, we coded for intervention dosage, or 
the amount of app usage. Based on prior research (Maru-
lis & Neuman, 2013), we coded for (a) frequency, that is, 
the total number of sessions during the intervention; (b) 
intensity, that is, the length of each session in minutes; 
and (c) duration, that is, the length of the intervention 
from beginning to end. On average, studies included 32 
sessions at about 21 minutes per session over the course 
of 87 days.

Second, we created an overall app quality score to assess 
the extent to which an educational app fostered learning that 
was active, engaging, meaningful, socially interactive, and 
had clear learning goals (Hirsh-Pasek et  al., 2015). We 
downloaded each educational app in our review where pos-
sible and rated the following five criteria: (a) Do the activi-
ties promote active learning? (active), (b) Do the activities 
promote engaging learning? (engaging), (c) Do the activities 
promote meaningful learning? (meaningful), (d) Do the 
activities promote social interactions between children and 
adult caregivers? (social interaction), and (e) Do the activi-
ties have clear learning goals that foster educational aims? 
(learning goals). Each dimension was scored as low (e.g., 
app has no well-defined learning objective and is purely for 
entertainment), moderate (e.g., app has a vague literacy or 
math learning objective), or high (e.g., app has a clearly 
defined learning objective). When apps were not available 
for download, we used YouTube videos of app demonstra-
tions or narrative descriptions of app functionality included 
in the research articles or supplementary online materials 
provided by app developers to assess the skills measured by 
the app. The mean quality score in our sample was 2.4. 
Details on the scoring rubric are included in the online sup-
plemental materials (Appendix 2).

Third, we coded for the skills targeted and measured by 
primary researchers. Using previous coding systems 
(McCormick et  al., 2020; Snow & Matthew, 2016), we 
coded both the skills targeted by the app and the skills that 
were measured by the outcomes used in the study. 
Constrained skills in both literacy and math can be improved 
by direct teaching, have a ceiling, and are mastered by most 
typically developing children. In contrast, unconstrained 
skills develop over time, require more varied experience, 
and are critical to higher order and more complex tasks like 
math problem solving and reading comprehension.

Publication Bias.  One challenge of the vastly expanding 
market of apps and relevant research is that some high-qual-
ity studies that met our criteria and addressed our research 
questions may not be published through peer-reviewed aca-
demic channels. These alternative sources are known as 
“gray literature” (Marsolek et  al., 2018) and can present 
issues for creating a truly systematic review of the literature. 
We therefore tested for publication bias and file drawer 
effects by (a) testing a moderator effect of a dichotomous 
published peer-reviewed article indicator, (b) using a trim 
and fill analysis (Duval & Tweedie, 2000), and (c) plotting a 
cumulative meta-analysis forest plot (Borenstein et al., 2009).

Coder Reliability.  We created a codebook to collect infor-
mation from each study and developed a procedure for esti-
mating the reliability of the study codes. Two raters coded all 
moderator variables in our sample of 36 studies. Kappa coef-
ficients adjust for chance agreement between raters and the 
mean kappa was k = .94 across coded study characteristics. 
All coding disagreements were resolved in follow-up meet-
ings between coders.

Analytic Strategy

Calculation of Effect Sizes.  To conduct a meta-analysis of 
continuous outcomes such as math and literacy achievement 
scores, we computed a standardized mean difference, or 
effect size. For each study, we computed Hedges’s 
g—defined as the difference between the posttest means for 
the treatment and control group divided by the pooled stan-
dard deviation, with an adjustment for sample size. The 
effect sizes we analyzed come from our own calculations 
based on reported post-test means and standard deviations. 
Where these were not reported, we converted from reported 
test statistics to compute the effect size.

Robust Variance Estimation.  First, we used robust variance 
estimation (RVE) to adjust standard errors to account for the 
correlation among effect sizes with studies. RVE allows syn-
theses to avoid a loss of information resulting from comput-
ing an aggregated, within-study average effect size. 
Following Tanner-Smith and Tipton (2014, p. 17), we 
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applied RVE to our data set by computing weights for effect 
size i in study j based on the mean of within-study sampling 
variances for study j, the estimate of the between-studies 
variance component, the number of effect sizes within study 
j, and the estimated within-study correlation between all 
pairs of effect sizes (which we estimated to be .80). In addi-
tion, RVE methods allow for analyses of moderator vari-
ables that varied both between- and within studies. The 
within-study moderators used in our study (e.g., the type of 
outcome assessment, the type of skills assessed by the app) 
were centered around the variables’ mean within each study 
to estimate the within-study effects.

Using Aggregated Effects to Supplement RVE Analy-
ses.  Because studies of educational apps vary along a num-
ber of dimensions and because we were interested in making 
inferences back to the population of studies from which our 
studies were sampled, we used a random effects model to 
pool the study-specific effect sizes and to generate an aggre-
gated effect size (DerSimonian & Laird, 1986). The random 
effects model includes both a within-study weight (inverse 
of the study variance) and a between-study variance compo-
nent. We made an a priori decision to employ a random 
effects model, because we expected that the dispersion of 
effect sizes would reflect true variance in mean effects.

In our data set, the most common dependency among 
effect sizes within studies involved correlated effects, which 
arises when multiple effect size estimates measure a single 
construct. Therefore, in addition to RVE analyses, we cre-
ated an aggregated mean effect (i.e., a single average effect 
size for each study) to synthesize mean effects and to assess 
the robustness of results across two analytic methods. Using 
an aggregated mean effect size allowed us to maintain the 
assumption of statistical independence and to report hetero-
geneity statistics that are not available with RVE.

Measures of Heterogeneity.  The meta-analysis of aggregated 
mean effects allows us to report the Q

total
 value, which tests 

the null hypothesis that mean effects shared a common effect 
(Borenstein et al., 2009). In addition, results based on both 

RVE and aggregated effects yield the I2 value, which indi-
cates the proportion of observed variance that represents true 
heterogeneity among studies along a 0 to 100% scale (Hig-
gins et al., 2003), and the τ2 estimate, which denotes the vari-
ance in mean effects. We used the metan package in Stata 
(StataCorp, 2019) and the meta package in R (R Core Team, 
2020) to estimate the aggregated effects models, and the 
robumeta package in both Stata and R to estimate the RVE 
models. A replication toolkit including the data set and the 
Stata and R code is available from the authors upon request.

Sensitivity Analyses.  To assess the sensitivity of our findings, 
we begin by reporting meta-analytic results from uncondi-
tional models that report combined impacts on overall achieve-
ment and separately for literacy and math. Next, we examine 
whether our results are replicated after controlling for whether 
the study was (a) published in a peer-reviewed journal, (b) 
used an RCT design, (c) used an active control group, and (d) 
used a standardized outcome assessment. We used the trim and 
fill method to assess the potential impact of missing, unpub-
lished studies on mean effects (Duval & Tweedie, 2000).

Results

Main Effects of Educational Apps on Literacy and Math 
Skills

To address our first research aim, we used RVE and 
aggregated random effects models to synthesize findings 
from 36 studies and 285 effect sizes. As shown in Table 4, 
the RVE yielded a positive Hedges’s g of +0.31 (95% con-
fidence interval [CI] [0.20, 0.42]) and similar Hedges’s g of 
+0.35 in literacy (95% CI [0.13, 0.57]) +0.29 in math (95% 
CI [0.16, 0.43]). Results were nearly identical for the ran-
dom effects analysis of the aggregated effect sizes.

These mean effect sizes, however, mask substantial treat-
ment effect heterogeneity. As shown by the results of the 
overall results of the aggregated effects model in Table 4, the 
Q

total
 statistic of 121.22 (degrees of freedom [df] = 35,  

p < .001) indicates that all studies do not share a common 
effect size. Furthermore, the I2 statistic indicated that 71% of 

Table 4
Results of Estimating Unconditional Meta-Regression Model with RVE and Aggregated Mean Effects

Outcome Estimation method k Studies n Effect sizes Effect size 95% CI z Q
total

I2 τ2

Overall RVE 36 285 0.31 [0.20, 0.42] 5.68** 0.83 0.15
Overall Aggregated 36 36 0.30 [0.19, 0.41] 5.27** 121.22 0.71 0.07
Literacy RVE 12 93 0.35 [0.13, 0.57] 3.46** 0.87 0.38
Literacy Aggregated 12 12 0.31 [0.11, 0.51] 2.99** 25.05 0.56 0.06
Math RVE 24 192 0.29 [0.16, 0.43] 4.50** 0.80 0.10
Math Aggregated 24 24 0.29 [0.16, 0.43] 4.27** 95.6 0.76 0.08

Note. RVE = robust variance estimation; CI = confidence interval.
**p < .01.
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the variance in observed effects reflected true between-study 
variability (rather than within-study sampling error). The 
estimated standard deviation in the true effects was almost as 
large as the mean effects overall (τ = .26). The heterogene-
ity of the mean effect sizes across studies suggested that one 
or more study-level factors could moderate the impact of 
educational apps on student achievement outcomes.

Moderators of Educational App Effectiveness

Main Effects of Educational Apps Controlling for Between-
Study Methodological Factors.  The meta-regressions 
reported in Table 5 highlight potential methodological fac-
tors that moderated the impact of educational apps on stu-
dent outcomes. Controlling for whether studies were 
published in peer-reviewed journals, used an RCT design, 
had active control groups, and targeted a literacy or math 
domain, the RVE meta-regression results indicate that stud-
ies using standardized outcomes produced impacts that 
were, on average, about 0.42 standard deviations (p < .01) 
lower than researcher developed outcomes. In addition, the 
results in table 5 suggest that no other methodological fac-
tors moderated effect sizes. Finally, because there were no 
differences in the impacts of educational apps that focused 
on literacy or math, we included both types of apps in all 
subsequent analyses.

Within- and Between-Study Moderators of Educational App 
Effectiveness.  Table 6 displays a series of RVE meta-regression 
models that isolate the relationship between each respective par-
ticipant and intervention moderator variable controlling for the 
type of outcome assessment. We controlled for whether out-
comes were assessed with standardized measures in all models 
because it was a strong moderator of mean effects. Because stan-
dardized outcomes varied both within and between studies, we 
modeled separate within and between effects by including the 
study mean centered covariate along with the study mean value. 
Thus, all subsequent models include the controlled effects of 
participant and intervention characteristics. In Model 1, there 
was a statistically significant association between the mean 
effects and participants’ grade, indicating that effects were 0.18 
standard deviations higher, on average, in studies involving pre-
school-aged children than Kindergarten to Grade 3 children. 
Moving to Model 2, there was inconsistent evidence that inter-
vention dosage measures were related to effect sizes. In particu-
lar, the meta-regressions indicated that log

2
 duration and log

2
 

intensity measures did not predict outcomes once the assessment 
type was included in the model. Model 3 indicated that app qual-
ity ratings were not significantly associated with mean effect 
sizes, controlling for the type of assessment outcome. Further-
more, Model 4 indicated that the type of skill assessed by the 
apps was significantly associated with mean effects controlling 
for the type of assessment outcome.

After removing nonsignificant moderators of mean 
effects, we fit a final Model 5 that included participant grade, 
the type of outcome assessment (within and between stud-
ies), and the skills measured by educational apps. Importantly, 
the results of Model 5 indicated that educational apps pro-
duced mean effects that were approximately 0.17 SDs higher 
on constrained skills than on unconstrained skills (within or 
between studies), controlling for participant grade and the 
type of outcome assessment. To help interpret the findings 
from Model 5, we plotted predicted effect sizes based on the 
three statistically significant effect size moderators. Figure 2 
shows the predicted mean differences for these three modera-
tors holding the other covariates constant at their mean val-
ues. Predicted mean effects were larger for constrained skills 
(g = 0.31) than unconstrained skills (g = 0.14), for preschool 
samples (g = 0.35) than K–3 samples (g = 0.17), and for 
researcher-developed outcomes (g = 0.43) rather than stan-
dardized outcomes (g = 0.17).

Sensitivity Analyses for Publication Bias

We examined the effects of study design to explore the 
potential role of publication bias in two sensitivity analyses 
using the aggregated mean effect size per study as the unit of 
analysis. We assessed publication bias using the trim and fill 
analysis as shown in Figure 3 (Duval & Tweedie, 2000). 
There were six imputed study results that were missing on 
the left of the funnel plot that represented potentially unpub-
lished studies with smaller mean effects. Imputing these six 

Table 5
Results of Meta-Regression Model with RVE Controlling for 
Publication Status, Experimental Design, Control Group 
Activities, and Type of Assessment Outcome

Predictor Estimate

Intercept 0.806** 
[0.231]
3.484

Peer review 0.022 
[0.095]
0.229

RCT −0.194 
[0.221]
−0.877

Active control 0.027 
[0.085]
0.317

Standardized outcome 
(study mean)

−0.419*** 
[0.086]
−4.871

Math outcome −0.183 
[0.094]
−1.951

N effect sizes 285
k Studies 36
τ2 0.13

Note. Cells are regression coefficients [SEs], and z values. RVE = robust 
variance estimation; RCT = randomized controlled trial.
*p < .05. **p < .01. ***p < .001.
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mean effects yielded a mean effect size of g = 0.20 (observed 
+ imputed effect sizes) compared to the mean effect size of 
g = 0.30 (observed effect size). Although there was a down-
ward shift in the mean effect size, the substantive conclusion 
that educational apps have a positive mean effect remains 
unchanged. In addition, Figure 4 shows a cumulative forest 
plot, which displays mean effects based on studies with larger 
sample sizes and then shows whether and how much the mean 
effect size changes with the inclusion of smaller studies. The 
cumulative forest plot suggests that the mean effect size was 
stable as small-sample studies were added to the meta-analy-
sis. In summary, these results increase our confidence that the 
findings are robust to potential publication bias.

Discussion

Educational apps are an increasingly ubiquitous feature of 
young children’s lives at home and school, yet little is known 
about their effectiveness or the factors that diminish or 
enhance their impact on student achievement outcomes. 
Moreover, there is an urgent need to understand what works, 

for whom, and under what conditions as educators increas-
ingly turn to easy-to-use technology interventions to support 
children’s early literacy and math learning during the school 
closings triggered by the COVID-19 pandemic. To improve 
the rigor and relevance of the research base on educational 
apps, we undertook this meta-analysis of preschool to Grade 3 
educational apps in math and literacy to advance two research 
goals. First, we examined the mean effects of 36 educational 
apps on preschool to Grade 3 children’s math and literacy out-
comes to quantify the extent to which apps improve student 
outcomes. Second, we examined the degree to which the 
effectiveness of educational apps was moderated by several 
methodological, participant, and intervention characteristics.

What Are the Main Effects of Educational Apps on Literacy 
and Math Skills?

In the domains of math and literacy, there was convergent 
evidence that educational apps improved student achieve-
ment outcomes relative to a counterfactual condition in 
which children participated in typical school instruction or 

Table 6
RVE Results With Intervention Characteristics as Moderators, Controlling for Type of Assessment Outcome

Predictor Model 1 Model 2 Model 3 Model 4 Model 5

Standardized test (within) −0.142
[0.202] 
−0.705

−0.176
[0.264] 
−0.667

−0.141
[0.201] 
−0.703

−0.119
[0.202]
−0.591

−0.113
[0.202]
−0.559

Standardized test (between) −0.311*** 
[0.09]
−3.466

−0.533***
[0.138]
−3.854

−0.39***
[0.094]
−4.136

−0.367***
[0.097]
−3.787

−0.282***
[0.089]
−3.184

Log
2
 duration −0.012

[0.041]
−0.303

 

Log
2
 frequency 0.126*

[0.058]
2.163

 

Log
2
 intensity 0.012

[0.097]
0.127

 

Average pillar score 0.213
[0.159]
1.336

 

Preschool 0.178*
[0.091]
1.953

0.185**
[0.086]
2.151

Constrained outcome 0.137*
[0.076]
1.808

0.173**
[0.07]
2.479

Constant 0.382***
[0.069]
5.522

0.004
[0.409]
0.01

−0.01
[0.39]
−0.027

0.42***
[0.082]
5.103

0.266***
[0.08]
3.345

Note. Cells are regression coefficients [SEs], and z values. RVE = robust variance estimation.
*p < .05. **p < .01. ***p < .001.
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received a placebo control activity. Meta-analytic results 
based on RVE yielded medium-sized impacts in literacy  
(ES = 0.35) and math (ES = 0.29). The magnitude of these 
impacts is similar to the effects of tutoring interventions (ES 
= 0.37) and early elementary literacy interventions (ES = 
0.39) based on recent meta-analyses of experimental and 
quasi-experimental intervention studies (Gersten et  al., 
2020; Nickow et al., 2020). Furthermore, the mean effects 
from our meta-analysis are consistent with recent meta-anal-
yses of digital games and gamified learning interventions 
(Clark et al., 2016; Sailer & Homner, 2020; Wouters et al., 
2013). These findings support theories that emphasize the 
affordances of educational apps in promoting active learn-
ing, deliberate practice, and gamified learning in one-to-one 
or small-group contexts to improve basic literacy and math 
skills (Griffith et al., 2020; Hirsh-Pasek et al., 2015).

Despite these promising findings, the 36 educational 
apps were unique in several ways. In particular, our meta-
analysis included mostly high-quality apps that incorpo-
rated principles on how people learn, and the activities in 
turn were designed to promote learning that was active, 
engaging, meaningful, interactive, and focused on a clear 
learning goal (Hirsh-Pasek et al., 2015). For example, the 
educational apps in our review scored highly on all these 
dimensions (M = 2.40/3.00, SD = 0.30, range = 1.80–2.80) 
and were rigorously evaluated. Notably, 92% of the educa-
tional apps were used in school contexts. Although surveys 
of app use have tended to focus on the extent to which chil-
dren use apps independently in home contexts (Radesky 
et  al., 2020; Rideout, 2017), it is striking to note that the 
apps in our study were embedded into school contexts and 
routines. Finally, our meta-analytic strategy included a 
careful search of published and unpublished studies, studies 
with high internal validity, and analyses designed to rule out 

alternative explanations based on methodological artifacts 
or the choice of modeling strategies. In summary, our meta-
analytic results are unlikely to generalize to apps that are 
neither based on principles from the science of learning nor 
subjected to rigorous experimental evaluations.

What Study Characteristics Moderate the Effectiveness of 
Educational Apps?

The potential pitfall of the current research base, how-
ever, is that the mean effects paint an overly simplistic and 
optimistic assessment of the value of educational apps. In 
many ways, the mean effect size overall, and separately for 
math and reading, masks true variance in mean effects. 
Given the dispersion in mean effects across studies, what 
were the key sources of treatment effect heterogeneity?

First, there was clear evidence that outcome measures 
matter. Whether a primary study used a researcher-designed 
or standardized outcome emerged as the most powerful 
moderator variable. For example, mean effects were nearly 
0.28 SDs larger when primary studies used researcher-devel-
oped rather than standardized outcomes. The smaller magni-
tude of the mean effect size in studies using results on 
standardized outcome measures is in line with prior reviews 
of RCTs of elementary grade interventions (Elleman et al., 
2009; Lipsey et  al., 2012; Marulis & Neuman, 2013). A 
common explanation for this finding is that researcher-
developed outcome measures assess more specialized 
domains of knowledge and are therefore easier to improve 
than standardized outcomes (Kraft, 2019; Lipsey et  al., 
2012; R. Wolf et al., 2020).

Second, meta-regressions that controlled for the type of 
assessment outcome revealed two additional moderators of 
app effectiveness. Controlling for assessment type and par-
ticipant grade, measures of constrained skills produced mean 
effects that were 0.17 SDs higher, on average, than measures 

Figure 2.  Predicted differences in effect size.
Note. Predicted differences in Hedges’s g based on meta-regression Model 
5 showing the magnitude of the three moderator effects: (1) skills targeted 
and measured by apps (constrained vs. unconstrained), (2) participants’ 
grade (preschool vs. K–3), and (3) type of assessment outcome (standard-
ized vs. researcher-developed outcome), controlling for other measured 
variables held constant at their means.

Figure 3.  Trim and fill plot.
Note. Horizontal axis = effect size (Hedges’s g); vertical axis = standard 
error; imputed studies are triangles. CI = confidence interval; REML = 
restricted maximum likelihood.
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Figure 4.  Cumulative forest plot of aggregated mean effects from 36 studies.
Note. CI = confidence interval; REML = restricted maximum likelihood.
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of unconstrained skills, within and between studies. Given 
the short duration of the studies in our meta-analytic review, 
it is clear that many educational apps are designed primarily 
to improve constrained skills like number and letter recogni-
tion—that is, a small and fixed body of knowledge that is 
sensitive to short-term, targeted, and direct intervention 
efforts (Paris, 2005). To date, reviews of preschool educa-
tional apps suggest that most educational apps foster “simple 
drill and practice” activities designed primarily to improve 
constrained skills (Hirsh-Pasek et al., 2015; Papadakis et al., 
2018). Consistent with other intervention research involving 
young children, there is growing evidence that educational 
interventions yield larger effects on literacy and math skills 
that are constrained to a small and fixed body of knowledge 
than unconstrained skills that require extensive practice and 
experience (Lipsey et al., 2012; Lipsey et al., 2018; Weiland 
& Yoshikawa, 2013). To a large extent, then, improving chil-
dren’s unconstrained skills—that is, mastery of broad 
domains like reading comprehension and math problem 
solving—will require longer and more intensive interven-
tions (Brooks-Gunn et al., 2016).

Third, meta-regression results indicated that mean effects 
were larger in studies involving preschool-aged children 
than kindergarten to third-grade children. The magnitude of 
the preschool advantage over the K–3 grades is also consis-
tent with recent meta-analytic results comparing effect sizes 
from RCTs of educational interventions with preschool-  
versus school-based children (Kraft, 2019; Lipsey et  al., 
2012). Although it is beyond the scope of this review to fully 
explain these findings, several hypotheses merit further 
scrutiny. One important hypothesis is that preschool-aged 
children may benefit from educational apps that foster joint 
attention and co-engagement in school contexts. Importantly, 
the majority of the studies involving preschool-aged chil-
dren (87%, 13 of 15) were implemented in school contexts. 
This finding raises the question of whether and how co-
engagement can enhance the effectiveness of educational 
apps in preschool center–based contexts (McTigue et  al., 
2020). During the preschool years, the essential condition 
for language development among young children is co-
engagement and joint attention (Taylor, 2016), yet there is 
growing concern that mobile devices foster solo rather than 
co-use (through adult support) of educational activities that 
support literacy and math skills on interactive mobile tech-
nology (Bus et  al., 2015; Radesky et  al., 2014; M. Wolf, 
2018). However, primary studies that directly compare the 
effectiveness of apps used in school and home contexts are 
needed given the increasing use of apps in children’s non-
school contexts (Rideout & Robb, 2020).

Finally, our meta-analytic results revealed no consistent 
association between intervention dosage and mean effect 
size across studies. These results are broadly consistent with 
reviews of recent intervention research finding no consistent 
association between measures of treatment dosage and stu-
dent outcomes (Kraft et al., 2018; Lynch et al., 2019). How 

do we explain these findings? Most likely, our measure of 
quantity may reflect lower limits of time students spend on 
educational apps intended to run on mobile technology. That 
is, surveys of children’s device usage report substantially 
higher levels of screen time than studies where the time on 
an app is tightly controlled for the duration of the interven-
tion study. In other words, intervention research may not 
capture associations between the quantity of app usage and 
outcomes because the maximum is constrained by the end 
point of the study. Direct measures of children’s app usage 
that leverage data from the mobile technology are needed to 
provide more accurate estimates of the time children spend 
using apps (Radesky et al., 2020; Roberts et al., 2016).

In addition to measuring relations between dosage and 
app effectiveness, we sought to measure the quality of the 
activities using principles from the learning sciences (Hirsh-
Pasek et al., 2015; Pashler et al., 2007). These null findings, 
however, are inconclusive given the small number of studies 
in our review and the fact that most apps in our meta-analy-
sis attempted to include research on how people learn. 
Accordingly, researchers should aim to pinpoint which 
aspects of activity, engagement, social interactions, and 
meaningfulness are most critical for supporting student 
learning outcomes. A strength of our review was the attempt 
to code five dimensions of app quality, which clearly indi-
cated that few educational apps foster social interactions 
between children and their adult caregivers. Thus, one impli-
cation of our review is that quality depends on both the spe-
cific activities in an educational app and the rigor of the 
experimental design. For example, the Bedtime Learning 
Together math app (Berkowitz et al., 2015, average quality 
rating = 2.6 out of 3) and the Learn With Homer literacy app 
(Neuman, 2015, average quality rating = 2.8 out of 3) are 
both exemplar “high-quality” educational apps that were 
also tested using an RCT design with active placebo group. 
In addition, the Bedtime Learning Together math app is an 
example of a high-quality app that is designed to foster 
social interactions at home and has now been subjected to a 
long-term follow-up evaluation to determine whether short-
term impacts fade out over time (Schaeffer et  al., 2018). 
Importantly, educational apps that children and adults 
engage in together may have greater long-term effects than 
apps that children use alone. Building on this finding, 
researchers should continue to employ longitudinal and 
experimental designs to determine whether high-quality 
educational apps that foster co-engagement can produce 
enduring impacts on children’s academic skills.

Limitations

Findings from this study highlight limitations that should 
inform future research. First, intervention studies have gen-
erated intent-to-treat estimates of the causal impact of offer-
ing children and parents an opportunity to use an educational 
app on a narrow set of outcomes. To our knowledge, no 
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study has attempted to connect measures of children’s actual 
engagement in app activities to a wider set of outcomes. To 
improve the research base, more fine-grained measurement 
could inform practical recommendations about app use in 
particular and help shed light on potential adverse effects on 
children’s social, emotional, and attentional outcomes. For 
example, descriptive research indicates that apps are simply 
one type of activity available to young children as they use 
smart phones and tablets to watch YouTube and play video 
games (Radesky et al., 2020). Direct measures of children’s 
engagement (D’Mello et al., 2017)—that is, their actual time 
on task, their accuracy in completing digital activities, and 
their task orientations—are needed to connect the active 
ingredients in an educational app to a broader set of cogni-
tive, behavioral, and motivational outcomes.

Second, there is a dearth of effectiveness research done at 
scale limiting the external validity of our findings. Current 
research on educational apps is lagging behind the push to 
scale-up easy-to-use remote learning interventions, which 
often include educational apps. For example, the U.S. 
Department of Education’s Institute of Education Sciences has 
curated a website of over 100 apps that can be accessed for free 
(U.S. Department of Education, 2020), yet no evidence of 
effectiveness is provided for educators and parents. Notably, it 
is striking to find in our review that only six of the 36 educa-
tional apps in our study would meet ESSA (Every Student 
Succeeds Act) Tier I standards, requiring evidence from at 
least one well-executed RCT with more than 350 students.

Finally, we used stringent inclusion criteria to include 
only experimental and quasi-experimental evaluations of 
educational apps. Although our sensitivity analyses suggest 
that findings are robust to potential publication bias, there is 
a clear need to build on our review by casting a broader net 
that captures a wider set of unpublished studies. For exam-
ple, we did not include evidence from the growing number 
of correlational studies that examine relationships between 
app use and student achievement. Leveraging school district 
administrative data involving 258 apps used by over 390,000 
students, S. Baker and Gowda (2018) found that the average 
correlation between the amount of time students spent on 
educational apps was .01 in math and .00 in English lan-
guage arts assessments. Although these results do not address 
selection bias, they underscore the need to combine descrip-
tive, correlational, and experimental evidence in answering 
a broader set of questions and concerns facing decision-
makers. In many ways, our study represents a first attempt to 
begin building a stronger foundation of evidence to under-
stand whether and how educational apps deployed in real-
world contexts can support student learning.

Conclusion

The purpose of this review was to synthesize results from 
experimental and quasi-experimental studies evaluating the 

impact of educational apps on children’s math and literacy 
skills and to identify study characteristics that moderated 
mean effects. Although educational apps have positive 
effects on children’s math and literacy skills, the effects are 
larger in studies involving preschool-aged children rather 
than kindergarten to Grade 3 children, studies using 
researcher-developed outcomes rather than standardized 
outcomes, and studies measuring constrained skills rather 
than unconstrained skills. Our findings suggest that the next 
generation of research on educational apps needs to improve 
both the internal and external validity of findings, evaluate 
effectiveness at much larger scale, use multiple outcome 
measures of student learning, and determine whether apps 
confer lasting benefits on a wider range of skills. Some 
efforts are currently under way to improve the quality of 
research (Molnar, 2020), but the marketplace for education 
apps remains “chaotic and unregulated” (Papadakis et  al., 
2018, p. 156). Although apps are increasingly advertised to 
educators and parents as a low-cost and scalable strategy for 
improving learning, apps are not uniformly high-quality and 
rarely evaluated rigorously by independent researchers.

More collaborative research across disciplinary silos is 
clearly needed to address these research gaps. In particular, 
we encourage learning scientists to incorporate principles on 
how people learn into the design of high-quality activities in 
literacy and math apps, developmental pediatricians and psy-
chologists to examine how the quantity and quality of adult 
mediation in school and home contexts support learning, and 
intervention researchers to explore whether direct measures of 
engagement mediate the effects of educational apps on stu-
dent outcomes (Cherner et  al., 2014; Griffith et  al., 2020; 
McTigue et al., 2020; Papadakis et al., 2018; Radesky et al., 
2020). In short, we encourage the field to move beyond the 
broad question—do apps work—to the more targeted ques-
tion: How and under what conditions do high-quality educa-
tional apps support children’s early literacy and math skills? 
The limitations of this meta-analytic review highlight the col-
laborative research needed to shed light on this question.
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