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Young children’s science learning from a touchscreen app
Harriet R. Tenenbaum a and Jo Van Herwegen b

aSchool of Psychology, University of Surrey, Guildford, UK; bDepartment of Psychology and Human
Development, UCL, Institute of Education, London, UK

ABSTRACT
Many technological applications (apps) purport to help children
learn academic material. Building on research in developmental
and educational psychology, we developed and tested an app to
teach biological and physical science content to preschool
children. There were 21 children in the control condition (Mage =
50.30 months, SD = 8.61) and 21 children in the intervention
condition (Mage = 53.21 months old, SD = 6.36). Children were
given pre- assessments and post-assessments of their
understanding of living things, inheritance, buoyancy, and
balance. Half were assigned to play the app for 3 weeks or to a
control condition that only completed the assessments. Based on
ANCOVA and ANOVA models, children in the app condition
increased in their understanding of living things and buoyancy
on a near-transfer task from pre-test to post-test assessment,
whereas the children in the control condition did not increase
their understanding. The findings suggest that drill and tests apps
focusing on science content that take account of folk theories of
science can support children’s science learning.
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Engaging with science prior to and at the start of formal schooling has benefits (Saçkes
et al. 2011; Tao, Oliver, and Venville 2012). For example, facility with classifying entities
into living or non-living things prior to formal school entry predicts children’s third
grade science achievement (Saçkes 2013). Interacting with scientific content not only
benefits science learning but also increases vocabulary generally (French 2004). Thus,
science learned prior to school and outside of school influences children’s science
achievement. Unfortunately, however, children often enter preschool with lower levels
of science understanding compared to other domains, such as literacy (Greenfield
et al. 2009). Once they enter school, children make smaller gains in science compared
to other domains (Greenfield et al. 2009). Given the importance of scientific learning
in preschool children, we tested whether a simple technological application (app)
could support children’s scientific thinking about physical and biological science.
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One method for increasing young children’s scientific knowledge is through interac-
tive technology, such as tablets. Children are motivated by technology and thus, should
be willing to engage with tablets rendering them an effective learning method (Donohue
2014). When designed effectively to fit developmental levels (e.g. Hirsh-Pasek et al. 2015),
technology supports children’s learning (e.g. Bullock et al. 2017). Two reviews have
demonstrated that touchscreens support young children’s learning (Griffiths et al.
2020; Xie et al. 2018). Only two studies included in these reviews focused on science
learning. Kowk et al. (2016) reported that 4- to 8-year-olds learned decontextualised
facts (e.g., which animal is the fastest?) about animals equally well from touchscreens
as from a researcher. Although children learned factual knowledge, it is difficult to
assess whether this study examined memory per se rather than science. In the study
focused on physics, Herodotou (2018) found that 4- to 5-year-olds learned about projec-
tile motion from playing the game, Angry Birds. Thus, there is evidence that technology
can increase reasoning about physical science, but it is uncertain whether technology can
increase reasoning about physical science by providing content knowledge only.
Additionally, whether findings can be generalised to other aspects of science, such as bio-
logical science, or other aspects of physical science, such as buoyancy is unknown.
Finally, few apps have tested children’s learning at home rather than school (Griffiths
et al. 2020). Based on the developmental psychology literature, we developed a drill-
and-test app to fill this gap by testing whether the app could increase children’s scientific
thinking in biological and physical science.

There are a few perspectives on scientific thinking. Zimmerman and Klahr (2018) argue
that scientific thinking involves scientific content knowledge and process skills. Although
content knowledge and procedural skills benefit each other (Zimmerman 2007), our app
targets content knowledge to support children in developing their framework theories
through increased knowledge (Gelman and Noles 2011). A core competence perspective
advances that preschool-aged children have developed basic but cohesive folk theories
(framework theories) to conceptualise the biological, physical, and psychological
domains (Gelman 2003; Gelman and Noles 2011; Wellman and Gelman 1992). Thus, chil-
dren develop knowledge about distinguishing the ontological categories of living versus
non-living things and understanding of the characteristics of living things (biology) as
well as the properties of physical objects (Gelman and Frazier 2012). Much modularised
knowledge begins as implicit knowledge in the preschool years (Karmiloff-Smith 1995).
Another approach to science learning argues that accurate observation, reasoning about
causality, and explaining connections are the core skills employed in science understanding
(Tolmie, Ghazali, and Morris 2016). Drawing children’s attention to similarities across
different objects and entities can help them encode exemplars, which then further
develop their theories (Tolmie, Ghazali, and Morris 2016).

Our app incorporated these perspectives. From the scientific thinking perspective
(Zimmerman 2007), we provided content knowledge to children. Our app taught chil-
dren knowledge within the domains of biology and physics following the framework
theory model (Gelman and Frazier 2012). From the core skill perspective (Tolmie,
Ghazali, and Morris 2016), our app provided children with feedback on their previous
observations in the world. Thus, the app built upon all three perspectives of how children
develop scientific thinking.
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Theories of biology

Within the biological domain, children develop an ontological category of living things
and recognise biological processes. By 3 years, children report that animals and plants
grow. Not until 5, however, do children (like adults) report that inanimate objects do
not increase in size over time (Rosengren, et al. 1991) and are above chance in dis-
tinguishing animate from inanimate objects in categorisation tasks (Wright, Poulin-
Dubois, and Kelley 2015). A longitudinal study indicated that between 3 and 4 years, chil-
dren become more like adults in distinguishing animals and plants from mobile and
immobile artefacts. Children also begin to restrict the biological properties of growing,
eating, and drinking to living things (Margett-Jordan, Falcon, and Witherington
2017). Children, however, remain confused about whether plants are alive until about
aged 6 years (Tao 2016) with large increases in knowledge between preschool and
primary school ages (Villanueva, Villarroel, and Antón 2021). Moreover, children con-
tinue to overgeneralise some biological properties to non-biological entities after 5
years with children attributing psychological properties (e.g. happiness) to a greater
degree to robots than do adults (Jipson and Gelman 2007). Thus, although children
may develop an ontological category of animate objects based on biological attributes
by 4 years, there remain differences between adults and children in attribution of psycho-
logical categories and classification of life status to plants.

Another component of children’s biological framework is recognising biological pro-
cesses, such as inheritance. In contrast to their ontological category of living things, chil-
dren’s understanding of inheritance may be less well developed in preschool (but see
Springer and Keil 1989). Not until 7 years are children likely to differentiate patterns
of inheritance in which children report that physical features are inherited by birth
parents and psychological features are learned by adoptive parents (Solomon et al.
1996; Williams and Smith 2010). Moreover, white 5- to 6-year-old children are as
likely to judge that a child may be equally to change their race as their emotional
expressions, which suggests that they lack an understanding of the stability of inheritance
(Roberts and Gelman 2016). Although preschoolers are similar to adults in attributing
height to birth parents, they are less likely than adults to attribute weight as inherited
from biological parents (Raman 2018). Similarly, children aged 7–13 are more likely to
attribute intelligence and athleticism to choice or environment than genes, whereas
adults are more likely to attribute these characteristics to genes than choice or environ-
ment (Meyer et al. 2020). In sum, children have a better developed category of ontologi-
cal kinds than of biological processes, such as inheritance.

Theories of physics

The other domain the app targets is physics in which a framework theory involves
understanding physical events, such as object dynamics, which rely on the properties
of matter (Wellman and Gelman 1992). Our focus is on buoyancy and balance, both of
which are central to children’s theories in physics. To determine an object’s density,
the material properties of an object must be separated from its identity. To establish
an object’s buoyancy, weight must be combined with volume in relation to the
object while also representing the properties of the liquid. Because knowledge of
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matter underlies an understanding of buoyancy, many researchers have studied chil-
dren’s understanding of buoyancy (e.g. Hsin and Wu 2011; Kallery 2015; Kohn
1993; Van Schaik et al. 2020). When examining children’s understanding of buoyancy,
research has found that 3-year-old children are at chance at predicting whether objects
will float or sink in water, whereas children older than 3 years and adults perform
above chance (Kohn 1993). Kloos, Fisher, and Van Ordern (2010) found that 4- to
5-year-olds perform better in identifying whether an object is buoyant when presented
with objects in pairs when density was confounded with mass, but not when density
was unconfounded with mass or volume. When using everyday materials, 5-year-old
children are correct in identifying whether an object is buoyant at above chance
levels (71%) and do not differ from 7-year-old children in their estimates (Rappolt-
Schlichtmann et al. 2007). However, when asked to justify the buoyancy of an
object, 5-year-olds are unable to encode one attribute (e.g. weight, material kind,
etc.) per object (Rappolt-Schlichtmann et al. 2007), which may explain their
difficulty. By age 7 years, children tend to encode at least one attribute of an object
to explain buoyancy. Thus, although children may not be able to explain why
objects are buoyant, they demonstrate an implicit understanding of whether objects
are buoyant in water by 5 years.

Another way that attributes of objects, such as weight, may influence physical prop-
erties is through balance. Determination of balance on a fulcrum relies on weight and
distance. When distance was held constant, children 4 years and older could deter-
mine what would happen to a scale when weights were added, but not 3 years
(Wang, Williamson, and Meltzoff 2018). In contrast, children are less able to coordi-
nate the effects of distance on a balance beam. Only with feedback, half of 5-year-olds,
but not 4-year-olds could predict the effects of distance on a beam (Siegler and Chen
1998; 2002). More recent research also suggests that 5-year-olds can learn how to
balance objects through instruction from an adult or book reading (Larsen, Venkada-
salam, and Ganea 2020). Thus, understanding the effects of distance is more difficult
than weight and children are below chance in their predictions at age 5 years. Never-
theless, both buoyancy and balance are central to developing theories of physics in
children.

Supporting learning

There are many ways the current app was developed to support learning in biology and
physics. First, children were taught guiding principles in each domain (e.g., which things
are living) to help them develop scientific theories. The app provided verbal feedback
because a large meta-analysis reported that direct teaching and guided discovery with
feedback support learning more than pure discovery (Alfieri et al. 2011). Moreover,
young preschoolers benefit from verbal feedback instead of non-verbal or textual one
(Callagan and Reich 2018). Provision of immediate feedback reduces the cognitive
load of the task, a precondition for successful learning (Sweller 2009), especially in revis-
ing scientific theories (Tolmie, Ghazali, and Morris 2016).

When designed to build on children’s previous knowledge (e.g. Hirsh-Pasek et al.
2015), technology supports children’s learning (e.g., Bullock et al. 2017). For this
reason, we would expect our programme to support children to increase their
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understanding more about the topics of living things and buoyancy than inheritance
and balance because 5-year-old children show facility with predictions in the former
types of science (Margett-Jordan, Falcon, and Witherington 2017) more than the
latter making learning more likely (Gelman and Frazier 2012). When children have
a pre-existing scheme, it is more likely that they can learn information (Gelman
and Frazier 2012).

Reviews on mathematical apps (Outhwaite et al. 2022) and reading development
(Griffiths et al. 2020) have shown that drill and practice apps are common and success-
ful for raising mathematical abilities and reading abilities, but that levelling of content
is an important feature of successful apps (Outhwaite et al. 2022). Building on these
reviews, we integrated levels into the app by asking children progressively more
difficult concepts about each topic (e.g., inheritance) and including two topics in
each domain that varied in difficulty (e.g., living things versus inheritance). Finally,
we incorporated rewards by providing children a star for correct answers. Thus, we
linked rewards to learning, rather than completion which has shown to improve chil-
dren’s outcomes (Callagan and Reich 2018).

Finally, young children explore and learn with mobile devices in ways that are natural
to them (touch, trial, and error). It is not only interactive apps that improve learning, but
also drill and practice apps can support learning (Papadakis and Kalogniannakis 2017).
Our app relied on drill and practice to help children learn. Drill and practice is easy to
implement in an app and children can use it independently. In addition, drill and practice
apps focus on the acquisition of learning content and have been shown to be very
effective to improve mathematical knowledge (Outhwaite et al. 2022) and literacy
(Kim et al. 2021).

Hypotheses

In sum, research indicates that children can learn about projectile motion and decontex-
tualised information about animals from apps (Herodotou 2018; Kowk et al. 2016). This
knowledge is needed because there is a less of a focus on teaching science in the preschool
years compared to other domains (Greenfield et al. 2009). Our study tested whether
playing an app that used drill-and-test for three weeks could improve children’s
science learning about four science topics from children’s pre-test to post-test assess-
ment. A large body of research suggests that guided discovery with feedback can
support children’s learning across a variety of domain (Alfieri et al. 2011). We hypoth-
esised that children’s science learning would increase from the playing the app
because children the app provided guided discovery with feedback. We expected that
children assigned to play the app would outperform children assigned to the control
condition.

A core competence perspective (Gelman and Frazier 2012) suggests that children’s
knowledge of living things and buoyancy (Siegler and Chen 1998; Solomon et al.
1996) is greater than their knowledge of inheritance and balance in the preschool
years (Kloos, Fisher, and Van Ordern 2010; Margett-Jordan, Falcon, and Witherington
2017). In addition, based on previous literature of when children understand different
aspects of biological and physical science, we predicted that preschoolers would show
an improved understanding of living things and buoyancy but that for balance and
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inheritance, we would observe smaller benefits of the training (if any). To test these
hypotheses, we compared children’s pre-test to post-test assessment to a control group
of children who did not play the games as well as looking at changes in pre-test to
post-test assessment in children who played the games.

Method

Participants

Children in the control condition had a mean age of 50.30 months (SD = 8.61, range =
38–67 months; 11 girls, n = 21) and children in the intervention condition were a mean
of 53.21 months old (SD = 6.36; range = 43–71 months; 8 girls, n = 21), which was not
significantly different, F(1, 40) = 1.57, p = .22 (Bayes factor = .26). There were 21 chil-
dren in the control condition and 24 in the intervention condition. However, three
children refused to complete the full pre-assessment and were dropped leaving 21 chil-
dren in each condition. All other children completed the full batteries of both pre-and
post-assessment. Children were mostly recruited from state and private nurseries,
word of mouth, and websites. Children were mostly from London, Sussex, and
Surrey, except for three English children recruited online. Parents completed an
informed consent form before children provided assent. Children were randomly
assigned to condition. When children were assigned to the intervention condition,
we contacted parents to interview children at home and to show them how to play
the games. For children assigned to the control condition, children could be tested
in their homes or the nurseries. No child tested had a formal diagnosis of a neurode-
velopmental disorder as reported by parents. Families were mostly middle-class and
had a university degree.

Measures

Children’s science learning measures: pre- and post-assessment
To assess knowledge, children completed a sorting task with 24 picture cards for each of
the four science areas (i.e. balance, buoyancy, living things, and inheritance) and asked to
sort based on whether the depicted image is conceptually correct or incorrect. There were
three levels of difficulty for each area based on different principles. For example, the first
level of buoyancy assessed children’s understanding that size does not influence buoy-
ancy by showing children two pictures simultaneously. Each picture displays a large
and a small wooden ring. In one picture, both wooden rings float (Correct). Another
picture displayed one floating and one sinking (Incorrect). The child needed to place
the cards into a correct and incorrect pile. Children received 1 point for each card cor-
rectly sorted from the 24 cards. We developed two versions with slightly different items.
We counterbalanced which version served as a pre-test or post-test. No items in the tablet
game were identical to the items in the assessment.

We created this measure because there are no standardised measures of young chil-
dren’s science learning across biological and physical sciences from a core competence
perspective. We previously piloted the assessment with 32 children who did not partici-
pate in the present study. Children had a mean age of 43.21 month (SD = 5.17; 3–5 years).
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All children sorted some cards correctly (minimum = 6; maximum = 20 out of 24 for
each content area).

Raven’s coloured progressive matrices
Raven’s Coloured Progressive Matrices (RCPM; Raven and Raven1990) was used to assess
overall cognitive abilities. This test includes 36 items divided into three sub-tests of 12
items each. In each item the participant is presented with a coloured pattern of which
one part is missing and the participant is asked to select the missing part out of six
options. There is no time limit and participants were encouraged to complete all 36
items. Testing took place on a one-to-one basis in a quiet room at the participant’s
home or school.

App
The app was developed in 2014 based on the existing apps provided by BrainyBaby. The
app was presented on an electronic device and included four content games. The app
started with a landing page where children first met Millie, an animated character who
introduces children to each of the content games (Creatures = Living, Families = Inheri-
tance, Sink or Float = buoyancy, Seesaw = balance). As an introduction, Millie asked the
child a question (e.g. ‘Which one eats?’). Children saw four pictures on the screen (e.g.
ball of yarn, caterpillar, etc) and was asked the correct answer. For the test question,
no matter what the child indicated, the correct answer was indicated. Each science
area has a test question. Following this question, children started playing the game.
For each question, children indicate the correct answer out of the four displayed.
There was an easy, medium, and difficult level for each game and three rounds of five
questions for each level (15 questions per level and 45 questions per game). Based on
the core competence perspective (Gelman 2003), the games followed children’s increases
in learning with three levels of questions differentiated by their level of difficulty. Table 1
displays these levels.

Children had to score at least 4 out of 5 questions correctly to play a new round and
progress up a level. For each question, children were shown four possible answers to
choose from. At the start of each content game (e.g. Creatures) there was an example
for which children were told the correct answer before they could select an answer. All
instructions were provided verbally and modelled given that children of this age are
pre-literate (Callagan and Reich 2018).

For questions following the warm-up for each game, the game provided immediate
feedback (correct: ‘You have won a gold star’ or incorrect: ‘That was a hard one’). Chil-
dren received a gold star when they answered a question correct. See Table 2 for examples

Table 1. Levels of games.
Living Inheritance Buoyance Balance

Easy Livings things eat and
grow

Simple inheritance Size does not influence
buoyancy

Placement influences
balance

Medium Living things move and
die

Transformations in
growth

Material influences
buoyancy

Size and number influence
balance

Difficult Living things experience
emotion

Traits are not inherited Liquid influences
buoyancy

Placement and number
influence balance

INTERNATIONAL JOURNAL OF EARLY YEARS EDUCATION 7



of questions asked about each game. This programmemay be found at http://brainy-kids.
co.uk/preschool-science-games/#/landing.

Procedure

Kingston University granted the study ‘Children’s Science Learning from Tablets’ ethical
approval (approval code: 141528). Data can be accessible from the authors upon request.
Parents returned consent forms through nurseries or to the researcher directly. After par-
ental consent and child assent, children were either tested in their nurseries (n = 10) or
homes (n = 32). Children first completed the RCMP (Raven and Raven 1990) so that we
could rule out the confound of intervention or control group having higher overall fluid
intelligence scores. Next, they were administered the science learning measures. Six chil-
dren interviewed in their homes were interviewed online using video-conferencing soft-
ware because of COVID-19. Parents remained with the child during the online
interviews. Three weeks after the first assessment, children were interviewed using the
alternative form of the science learning measures. After the pre-assessment, children
and parents in the intervention group were shown how to play the games. If children
completed the pre-assessment at nursery or using video-conferencing software, we
organised a meeting over Skype to explain to the parent and child how to play the
games. The games were always played in the home environment. In between the pre-
and post-assessments, the children in the intervention group were asked to play the
games for 20 min a day for at least five days a week for three weeks. We phoned or
emailed families in the intervention group after one week to remind them to play the
games. Children in the control group only completed the pre-and post-assessments
three weeks apart.

Analysis plan

First, we examined control variables. To examine differences between the two groups on
age, overall cognitive abilities, and the science learning measure version completed first,
we conducted between-subjects ANOVA models with condition as the between-subjects
factor. Second, to test our hypotheses, we conducted separate ANCOVA models for each
of the science areas with pre-assessment scores on the science learning measures as cov-
ariates and post-assessment scores as DVs. Whether children had played the games on
the app (intervention) or not (control) served as an IV. Next, we conducted repeated-

Table 2. Example questions.
Content
Game Principle Example

Creatures Identify living
things

Which one breathes? Child selects one picture from caterpillar, wool, robot, or
calculator.

Families Inheritance After a long time, what will this (cat) look like? Children selects picture of either cat
or dog.

Sink or Float Buoyancy Which picture is correct? Child selects from four pictures: two feathers floating, two
feathers sinking, large feather floating and small feather sinking, large feather
sinking and small feather floating.

Seesaw Balance Children select from a correctly balanced and incorrectly balanced picture.
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measures ANOVAs separately by condition to see whether children increased in their
learning from pre- to post-assessment scores. Pre- and post-assessment scores served
as repeated factors. We used the percentage correct on the science learning measures.
Homogeneity of slopes was met for all the ANCOVA models.

Results

Control variables

Twenty-one children in the control and 20 children in the intervention condition com-
pleted the RCPM task (one child in the intervention condition did not complete the
RCPM). There were no statistically significant differences between children assigned to
the control (M = 13.20, SD = 4.65) and intervention conditions (M = 15.17, SD = 4.12),
F(1, 39) = 2.07, p = .16 (Bayes factor = .33) for RCPM raw scores. Score on RCPM
correlated with age in months, r (39) = .50, p = .001. Pearson correlations indicated
that scores on RCPM correlated with pre-assessment, r (39) = .35, p = .03 and post-assess-
ment, r (39) = .51, p = .01. There were no differences in pre-assessment on any of the
measures (inheritance, F(1, 40) = 1.41, p = .24; living, F(1, 40) = .05, p = .82, buoyancy,
F(1, 40) = .50, p = .49; balance, F(1, 39) = .03, p = .87).

For the science learning measures, ANOVA models did not indicate effects based on
whether children took the A or B version or interaction effects with condition on any of
the four outcome variables (all Fs < 1). Table 3 displays the percentage correct on pre-
and post- assessment on the Science Learning Measures.

Effects of the app on science learning measures

To examine the hypotheses, we report the ANCOVA models. For living things,
the child’s pre-assessment score predicted the post-assessment score, F(1, 39) = 4.27,
p = .046, h2

p = .10. Above and beyond pre-assessment scores, children in the intervention
condition scored higher than did children in the control condition on the post-assess-
ment, F(1, 39) = 7.97, p = .007, h2

p = .17. There was no change in children’s assessments
in the control condition, F(1, 20) = .01, p = .94. In contrast, children’s scores increased
from the pre- to the post-assessment in the intervention condition, F(1, 20) = 7.69,
p = .01, h2

p = .28.

Table 3. Pre- and post-test percentage correct.
Pretest Posttest

Control Group (n = 21) M SD M SD

1. Inheritance 62.50 (15.31) 67.26 (15.04)
2. Living 69.84 (8.63) 69.64 (10.96)
3. Balance 53.57 (12.79) 52.58 (9.73)
4. Buoyancy 57.34 (11.93) 55.36 (12.30)
Intervention Group (n = 21)
1. Inheritance 67.66 (12.70) 73.41 (15.84)
2. Living 70.63 (13.47) 79.17 (11.81)
3. Balance 54.17 (10.54) 61.31 (14.97)
4. Buoyancy 59.92 (11.82) 67.66 (11.73)

Note: Standard deviations are in parentheses for pre-test and post-test values.
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For inheritance, the child’s pre-assessment score predicted the post-assessment score,
F(1, 39) = 12.82, p = .001,h2

p = .25. Above and beyond pre-assessment scores, children in
the intervention condition did not score higher than did children in the control condition
on the post-assessment, F(1, 39) = .61, p = .44. In neither the intervention, F(1, 20) = 3.00,
p = .10, nor the control condition, F(1, 20) = 2.32, p = .14, did children increase in their
scores from pre- to the post-assessment.

For buoyancy, the child’s pre-assessment score predicted the post-assessment score,
F(1, 39) = 12.04, p = .001, h2

p = .24. Above and beyond pre-assessment scores, children
in the intervention condition scored higher than did children in the control condition
on the post-assessment, F(1, 39) = 10.72, p = .002, h2

p = .22. There was no change in the
children’s assessments in the control condition, F(1, 20) = .87, p = .36. In contrast, chil-
dren’s scores increased from pre-assessment to post-assessment in the intervention con-
dition, F(1, 20) = 5.83, p = .03, h2

p = .23.
For balance, the child’s pre-assessment score did not predict their post-assessment

score, F(1, 39) = .92, p = .34. Above and beyond pre-assessment scores, children in the
intervention condition scored higher than did children in the control condition on the
post-assessment, F(1, 39) = 4.90, p = .03, h2

p = .11. Because the pre-assessment scores
did not predict post-assessment scores, we re-ran the ANOVA to check that over-con-
trolling for the pre-assessment scores did not increase the post-assessment to statistical
significance. A between-subjects ANOVA with post-assessment scores as a DV and con-
dition as an IV replicated the statistically significant difference in condition, F(1, 39) =
5.02, p = .03, h2

p = .11. There was no change from pre- to post-assessment in the
control condition, F(1, 20) = .10, p = .75, and only a marginally significant effect in the
intervention condition, F(1, 20) = 3.59, p = .07, h2

p = .15.

Discussion

The current study examined whether providing 3- to 5-year-olds with content knowl-
edge via a technological app would increase their knowledge of biology and physical
science content. In addition, we examined whether providing content knowledge
alone would benefit specific sub-domains of biological and physical science. The app
was successful in improving children’s knowledge of living things and buoyancy
using a near-transfer task. We also found some suggestion that our app could help
children learn about balance. In contrast, our drill-and-practice app did not help chil-
dren learn about inheritance.

We included a control group to demonstrate that although children increase in their
knowledge about these domains, children’ science knowledge does not increase in a
short time frame without instruction. Supporting this view, the control group of chil-
dren did not increase in their knowledge from pre-assessment to post-assessment in
any science domain. Our study is a first step in testing the effectiveness of the app
(see Green et al. 2019, for a description of best methods in intervention research). Chil-
dren might have learned the material as well in an in-person session. Our findings
suggest that children can learn content knowledge about buoyancy and living things
(and possibly balance) from an app that uses drill and practice. Scientific content knowl-
edge guides children in developing their theories of biology and physics (Gelman and
Frazier 2012).
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We know that using live, in-person interventions have similarly shown that children
learn about these topics in museum and classroom activities. For example, Tenenbaum,
Rappolt-Schlichtmann, and Zanger (2004) found that activities involving attention to
the contents of objects increased kindergarten children’s understanding of sinking and
floating. More recently, classroom activities support 4- to 6-year-olds to understand that
the material of an object is central to buoyancy and that size, weight, and shape are irre-
levant (Kallery 2015). Similarly, after a half hour intervention many 5-year-olds were
able to reference the material kind of objects (Hsin and Wu 2011) Through an individual
conversation in which children’s attention was drawn to plants’ similarities with animals,
5- to 6-year-olds increased their understanding of living things and classified plants as
living things (Zogza and Papamichael 2000). Although previous interventions conducted
in person on the topics of living things and buoyancy are effective in increasing children’s
knowledge, they are time consuming and expensive to implement. Moreover, the app was
able to improve learning through simple trial and error. Our findings provide support that
children’s knowledge of living things and buoyancy can be increased through children
playing an app, which is less expensive than visiting a museum.

Our app may have been successful because it was informed by literature on how chil-
dren learn content, both in terms of how to teach young children successfully as well as
the specific content taught in the app. Based on a meta-analysis, children were provided
verbal feedback because timely feedback supports learning more than does discovery learn-
ing (Alfieri et al. 2011). Although our app only provided motivational feedback about
whether or not the child’s answer was correct and not why their answer was correct or
incorrect (e.g. explanatory feedback), the verbal feedback included in the app allowed
the preschoolers to successfully develop their knowledge through trial and error (Blair
2013). The app also included a reward system that promoted children’s learning, rather
than completion of the game. In addition, the app featured different levels for children
to progress through. Previous evaluation of mathematical apps in preschoolers has
shown that learning outcomes were maximised when the maths apps included levelling
as well as feedback (Outhwaite et al. 2022). Finally, the app taught children principles in
each domain (e.g. which materials float and sink) so that they could begin to draw regu-
larities. Accurate observation is hypothesised to be central to scientific learning (Tolmie,
Ghazali, and Morris 2016). Drawing children’s attention to content knowledge can help
them accurately encode information. However, information about causality might have
further increased children’s development of theories given causality’s hypothesised
relations to scientific learning (Tolmie, Ghazali, and Morris 2016). Thus, an app that
taught children why the content was correct may have been even more beneficial. As
the app included many best practices to help preschoolers learn through apps (Callagan
and Reich 2018), it is currently not possible to evaluate what specifically makes learning
through the app successful. However, it is likely that it is the combination of these features
that makes the app developmentally appropriate (Meyer et al. 2021; Walker 2010).

Teaching preschoolers about balance through the app games was less successful
than teaching about buoyancy. The balancing games focused on the distance of the
objects from the balancing point. When learning about balance, 4- and 5-year-old chil-
dren learn to understand that weight makes a difference when given feedback in trials
involving difference in weight. In contrast, few 4-year-olds and only 45% of 5-year-olds
learned about the role of distance after receiving feedback in which distance differed
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on a balance scale (Siegler and Chen 1998). Children younger than 5 may need more
than simple motivational feedback to learn about distance. Explanations guide chil-
dren’s learning of counterintuitive topics (Kelemen 2019). As such, future interven-
tions should include explanatory feedback that clarifies why distance influences the
balance of a beam to guide learning (Alfieri et al. 2011).

Children may also need explanations as well as contextual background about mech-
anisms to construct their theories of inheritance, which may explain why our interven-
tion was not effective in increasing children’s understanding of inheritance. However, a
simple explanation of intrauterine development and birth did not lead to increases in 4-
or 7-year-old children’s understanding about inheritance (Williams and Afleck 1999). In
contrast, after ten lessons about birth and genetic material, 5-year-olds were able to
increase their understanding of inheritance (Ergazaki et al. 2015). Our intervention
did not focus on the mechanisms underlying inheritance, which young children may
need to construct their theories. Future research should examine whether providing
richer information (e.g. explanations) after incorrect responses could support increased
learning (Callagan and Reich 2018). After such information is provided, children could
be asked to guess again, which would increase the degree to which they play an active role
in the game (Hirsh-Pasek et al. 2015).

Alternatively, balance and inheritance may be concepts that are too advanced for chil-
dren of these ages to learn. Although children can learn via training, there are develop-
mental progressions in their learning (Gelman and Frazier 2012). Some knowledge in
children’s naïve theories is acquired at later stages than other knowledge. Perhaps,
these concepts are too difficult until children are older and have developed richer theories
of biology and physics in which they can incorporate the new information.

Limitations

There are limitations to the present study. One limitation is that we did not study how
parents support children’s learning about science in the home environment. Parents’ expla-
nations support children in developing their conceptual understanding of science. Every-
day conversations with parents help children negotiate their understanding of science
topics (Hohenstein and Tenenbaum 2023; Tenenbaum and Hohenstein 2016). These con-
versations vary with the educational and cultural backgrounds of families (Tenenbaum and
Callanan 2008). Parents may use different types of talk when scaffolding children using
iPads whilst playing reader apps (Neumann 2018). Future research should examine
whether parents also scaffold science differently when playing apps with scientific content.

Another limitation is that we did not examine how children’s interactions with tech-
nology changed over the course of the study. Certainly it would be valuable to study other
outcomes instead of simply focusing on cognitive learning gains. Future research with
open-ended apps should examine how children’s relationships with technology change
over time as an additional measure of learning.

Impact on theory and practice

The current study has shown that children playing games on an app that provides
content knowledge can increase children’s understanding of living things and buoyancy
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after only three weeks. These findings increase our theoretical understanding of how pre-
schoolers develop their framework theories and show that not all science knowledge can
be easily increased through providing conceptual facts. For example, particular aspects of
children’s biological theories (distinguishing living things) were easier for children to
learn than other aspects (inheritance), which provides further evidence for the order
in which children can appropriate knowledge about these topics. Moreover, previous
research using apps had only examined knowledge about the core competence of
motion (Herodotou 2018). Like our study, Herodotou also did not teach children infor-
mation in a live session compared to playing a computer game. Thus, the current study
adds to the evidence that core competences can be provided through children playing
games on apps.

Finally, whilst previous studies related to educational apps in general, have often
focused on evaluating the use of apps in the school environment (Griffiths et al. 2020),
the current study focuses on apps in the home environment. Seeing the importance of
preschoolers’ science knowledge for further science achievement (Saçkes et al. 2011;
Tao, Oliver, and Venville 2012), the use of apps can be an inexpensive and motivational
way to improve science knowledge in children. Children are often willing to engage with
tablets (Donohue 2014). As such, apps present a significant opportunity for out-of-
school, informal learning when designed in educationally appropriate ways (Hirsh-
Pasek et al. 2015).

In terms of implications for early childhood education, we would recommend that apps
are used to support learning in the classroom. We would not recommend that apps sup-
plant instruction. However, apps can reinforce learning in the classroom to help children
make accurate observations, necessary for science learning (Tolmie, Ghazali, and Morris
2016). In such a way, technology can complement in-person learning.

Conclusion

In sum, the current study provides a better understanding that apps that provide content
knowledge only can improve science knowledge as well as what their limitations are. A
better understand of which type of app works (in terms of type of content and level of
interactivity) for which type of science learning will help parents and teachers to
choose apps more effectively. Future studies should also examine the impact on pre-
schoolers’ theories. Knowledge about the effectiveness of apps as a learning tool is
needed. During the COVID crisis, much in-person learning was curtailed or supplanted
with online learning in the home. For many reasons, it is especially important that devel-
opmental and educational science inform apps to support and increase children’s science
learning in the home environment.
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