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Abstract

Despite the growing number of digital apps desigoeagach coding skills to young children, we
know little about their effectiveness. To formadiyplore this question, we conducted a
naturalistic observation of a one-week programgiesi to teach foundational coding skills (i.e.,
sequencing, conditions, loops) to young childfgrs (28, Mage= 5.15 years) using two tablet
applicationsDaisy the DinosauandKodable Pre- and post-assessments measured familiarity
with technology, appeal of coding apps, knowledigPasy commands, ability to plakodable,
and conceptual understanding of coding. Particgpamproved in their knowledge Bfaisy
commands (i.emove grow, jump andKodablegameplay (i.e., placing arrows in the correct
sequence to move a character through a maze)jdobtimprove in their ability to verbally
explain what coding is. Appeal of the games wasiaantly related to children’s learning of
Daisycommands, but child gender was not related t@edhisy or Kodablelearning outcomes.
Results suggest that young children can learn fatiowlal coding skills via apps, especially

when the apps are appealing to children.

Keywords Apps, Coding, computational thinking, Digital gasnp Educational

Technology, STEM
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Learning to Code Using Tablet Apps: An Evaluatiémaisy the DinosauandKodableas
Learning Tools for Young Children
1. Introduction

Despite the growing importance of science, techonglengineering, and math (STEM)
jobs, globally, there stand to be more jobs in STiElh people to fill them. In the United States
alone, employment for computer occupations is etgueio increase 12.5 percent from 2014-
2024, resulting in almost 500,000 new jobs (Fayacey, & Watson, 2017), but some believe
that school systems are not producing enough greslt@fill this need (e.g. Kelly, 2012;
Rothwell, 2014). To address this forthcoming gapicy makers have pushed for greater
emphasis on STEM initiatives in early educationisgs (U.S. Department of Education, 2015,
2016, n.d.). One of these initiatives is focuseectrally on teaching concepts of computer
science (e.g., coding/programming) in order to adsliboth the “T” and “E” of STEM.

Some believe that early experiences with compuiense concepts are vital and should
be made widely available to young children (Befs, 2 O'Dell, 2013). Research on coding and
programming curricula in early childhood suggebktt thildren as young as age five can learn
foundational coding skills such as sequencing, @etering commands in a particular order so
that they will be carried out by the computer ia torrect order) and conditions (i.e., “if-then”
statements that tell the computer to perform déffiéactions based on whether or not a certain
criterion has been met) (Fessakis, Gouli, & Mavip@12; Karadeniz, Samur, & Ozden, 2014;
Kazakoff & Bers, 2014). For these reasons, a nurobdigital applications (apps) that are
designed to teach young children coding skills farg game-like way have become popular in
recent years (e.g. Garcia-Pefialvo et al., 20168)eader, there is little empirical research on the

features of these apps and their effectivenessaiching coding skills for preschoolers and early
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elementary children. The current study seeks tatadide literature on these programs by
providing evidence from a summer camp classroorsrelbbsion where children were taught to
code via two tablet-based apps.
2. Literature Review

2.1. Learning Through/By Media

Nearly 50 years of research has shown that childa@riearn a host of academic skills
from curriculum-based television (e.g. Andersorvigae, & Hanson, 2013; Ball & Bogatz,
1970; Fisch, 2004b), but we are just starting tassresearch on whether children are able to
learn from interactive tablet applications that @esigned to be educational (Hirsh-Pasek et al.,
2015). Most of the research on children’s learrimogn tablet applications has focused on
literacy outcomes by comparing e-books to tradélgrint materials. Of these studies,
conclusions are mixed. Krcmar and Cingel (20fb4ind that children comprehended a
traditional storybook better than an electronicsiar of the same book, while Etta, Kirkorian,
and Choi (2017) and Lauricella, Barr, & Calver0{2) saw no difference in children’s
comprehension from the two different types of bodkse research on children’s learning of
STEM topics from digital apps is even more limitdthugh it does appear that children can
transfer learning from tablet games to particul@EB! tasks. For example, Aladé, Lauricella,
Beaudoin-Ryan, and Wartella (2016) found that ckildexposed to a measuring tablet game
(either by playing the game interactively or watgha pre-recorded video of the game) did
better on a measuring transfer task than the dogrtoop, who played a comparable non-
measuring game. Other new research also echoesfthésgs, suggesting that exposure to high
quality educational apps that are designed to t&83d&M skills can support desirable STEM

learning outcomes (Huber et al., 2016; Schroed&ir&orian, 2016).
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2.2. Learning Coding Skills Through Games and Apps

Coding, the process of assigning a set of symbalsdan be interpreted by a computer or
piece of software, is considered a building blottechnology competence, and has been
defined as a new modern literacy (Prensky, 2008¢. @rocess of coding consists of several
essential, foundational concepts: sequencing, tiondj and loops (repetition). Bers (2012)
describes sequencing as the “sequence of instnsatiescribed in a program and acted out in
order by a robot [or computer]. Each block hasecsjg meaning. The order of the blocks is
important.” Conditions (or conditional statemerasp “if, then, else” statements that tell the
program which actions to perform. For examplepath hits red, then up.” Loops are described
as “a sequence of instructions that can be modi@extcur over and over again. The sequence
can be qualified with additional information. Fotaenple, loops can repeat forever or for a
concrete number of times” (Bers, 2012).

It should be noted that ‘programming’ is anothedely used term for a closely related
set of skills and concepts. Unlike coding, whiclaldespecifically with assigning meaning to
symbols, the term ‘programming’ refers to a moreaated process of designing and developing
instructions for executing a specific computingtédorgado, Cruz, & Kahn, 2010). Because
these two processes are associated with similaxitgaoutcomes, this paper cites research that
looks at both coding and programming. Though tleei$af our study is coding, whenever
possible, we use the original terminology provitdgdhe authors of the empirical research that
we cite.

Given the potential importance of foundational egdskills for STEM learning, and the
fact that existing research suggests young childaenearn various skills and concepts through

playing apps and computer games, it is importanbtwsider whether young children can learn
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foundational coding skills through games as weladltionally, research on coding and
programming with young children has been conduatedg two different media; computer
programs and tangible robotics. The earliest studig/oung children and coding have evaluated
children’s learning from the computer-based Logagpamming language. In describing the
pilot testing of Logo, Papert (1980) first suggddieat the programming language could allow
even preschoolers to grasp the fundamental sKijsagramming. Indeed, Clements and Gullo
(1984) found that first graders who were taughtlibgo programming language over the course
of 12 weeks improved significantly in their abiliky describe directions (a cognitive skill Logo
emphasizes) compared to a control group. Simil&tlden, Blackburn, Scarlato, Free, and
Degelman (1986) found that kindergarteners who used for five weeks performed
significantly better on a rule-following task (alement of Logo language) compared to a control
group that was not exposed to Logo.

Developmentally, however, coding from a computdahwext languages might be
difficult for younger children who are not yet réagland who may not have the motor skills to
control a mouse. To address these concerns, régsesiftave developed tangible interface design
robots for teaching coding in the early years. Beseon coding and programming robots
suggests that children as young as age four camtie&orrectly sequence a robot to perform a
specific task (e.g. Kazakoff & Bers, 2014; Kazak&ftllivan, & Bers, 2012; Sullivan, Kazakoff,
& Bers, 2013). However, these studies often incloy one outcome variable, lacking nuance
in their findings. It is also possible that usihgse real-world manipulatives in a tangible
interface may lack ecological validity for real-webcoding, which is typically done on a

computer without such manipulatives.
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Tablet-based apps may be an ideal platform for gaumldren to learn coding skills
because apps are screen-based like coding on autenniput also support non-text languages
Further, apps are considered easy-to-use by yduildyen (Siegle, 2013), and access to tablets
is nearly ubiquitous for families in the U.S. tod&ideout, 2017).

Research on apps developed to teach coding tohwelecs is relatively new and has
been largely focused around the developme®topatchJr(Flannery et al., 2013; Portelance,
Strawhacker, & Bers, 2015; Strawhacker, Lee, CanBers, 2015). These researchers found
that young children can engage in developmentadpyr@priate computer programming through
the gameScratchJris not the only popular app designed to teachetk&sls to this age group,
however. Similar apps likkodableandDaisy the Dinosauhave also become popular in recent
years (Common Sense Media, n.d.), but researchese tapps is limited. One study evaluating
Kodablefound that all but one of the 25 five-year-oldgheir study were able to master the
sequencing level of the game by the end of one wéplay (Karadeniz et al., 2014), but it is
unclear how exactly the researchers measured sasterng. The quantitative research done so
far to evaluate young children’s learning of codprggramming concepts via apps has laid an
important foundation, but outcome measures ar@ ofte systematic and have been based
primarily on research-as-design protocols.

2. 3. Moderating Factors

While research points to the possibility of childitearning foundational coding and
programming skills through media, we know that raett not affect users uniformly. That is,
individual differences matter, and cognitive albtas well as motivational differences can
affect how well an individual child is able to comepend and learn from media (Aladé &

Nathanson, 2016; Piotrowski & Valkenburg, 2015;Rémburg & Peter, 2013). Specifically, two
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possible moderating factors might impact childrdeaning of foundational coding skills:
participant gender and participant interest inapps used in the intervention.

2.3.1 Gender. Gender differences have played an important rothildren’s interest and
achievement in STEM disciplines. There are dispriqpaately fewer women entering the
science, technology, engineering, and math pipel{Beede et al., 2011; Ceci, Williams, &
Barnett, 2009; National Science Foundation, 20E8)d, women choose STEM occupations less
often than men do (Ceci et al., 2009; Wang, Ec&dsenny, 2013). In the computing world
specifically, only 26% of professional computingopations are held by women (National
Center for Women & Information Technology, 2017r women who do continue in STEM
careers, there are a number of barriers towardsessful integration and later achievement in
the workplace (Ceci & Williams, 2011; Williams & €e2012). However, evidence on
differences in STEM learning by gender is mixedn8aesearchers have found that males
perform better, on average, than females at spatalbning tasks (Linn & Petersen, 1985;
Voyer, Voyer, & Bryden, 1995) and mental rotatieng( Moore & Johnson, 2008). In particular,
Moore and Johnson (2008) used a mental rotatidwidh five-month-old infants and
demonstrated an early gender difference in favonaes. Since such spatial ability is related to
later involvement in STEM majors and occupationgi\Wubinski, & Benbow, 2009), these
gender differences are important to note. Othetie) though, have found no differences or
only very trivial differences in learning acaderSi€EM content by gender (Petersen & Hyde,
2014; Voyer & Voyer, 2014). Therefore, although toenputer science field is dominated by
men and there is some evidence of a gender differfar spatial skills, it is unclear whether or

not the actual process of learning coding diffgrgénder in young children.
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2.3.2. Appeal. In discussing how children learn from educatianatia, Fisch (2004a)
argues that if children do not enjoy a programy tsienply won't turn it on, thus eliminating any
potential educational benefit of the program. Mather researchers have also pointed to the
importance of program appeal as a prerequisiteeéyning. Appeal refers to the degree to which
children describe liking a program (Linebarger, MaMmin, & Wainwright, 2009). To that end,
Linebarger and McMenamin (2010) assessed the fg@eogram appeal in educational content
comprehension. They found that when children liggmhrticular program, they were more likely
to view the program repeatedly. This repetition ¥aasd to be a key component in learning
content such as vocabulary words. Specificallyetiépn mediated the relationship between
appeal and comprehension such that greater apguetd reater repetition of the program
content, which in turn led to greater comprehensiiihe content. The study also found that
emotional investments with onscreen charactersttegdeater interest and stronger motivation
to attend to the actions or events that involveehareferred characters (Linebarger &
McMenamin, 2010).

Though much of the work on appeal has been condwaté educational television (e.g.
Linebarger & McMenamin, 2010; Linebarger & Piotrdiy2006), it is likely that these findings
would hold true for other types of educational naca well. Therefore, it is possible that
children who find coding apps more appealing wqudglt more attention to the apps and engage
with them more often and more enthusiasticallydileg to increased learning.

On the other hand, there is some reason to belmteappeal could lead to decreased
learning in certain instances. The principle ofratwe dominance (Fisch, 2000) posits that
children pay attention to narrative and charadtefsre attending to educational content.

Therefore, very high levels of appeal for the chimes may lead to decreased attention to and
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comprehension of the educational content. For el@migakshlag, Reitz, and Zillman (1982)
found that when an educational television prograas accompanied by appealing music, thus
increasing the overall appeal of the program, ciiigaid less attention to the educational
content and were less able to retrieve informaftiom the program. In a more recent study by
Aladé and Nathanson (2016), interest in the cor{tentappeal) was not found to have any
relationship with learning.
2.4. The Current Study

Much research on children’s learning of coding hased qualitative research designs
(e.g. Fessakis et al., 2012). While qualitative kvaffers rich, descriptive information, the
current study seeks to further substantiate thekedescriptions with formal quantitative data
reflecting children’s learning. Specifically, thercent study looks at children’s ability to learn
foundational coding skills through playing two coemntially available app$)aisy the Dinosaur
andKodable,in a classroom settingVe operationalize learning as (a) improvement in
understanding basic coding commands, and (b) denading successful app play, both
measured using quantitative scales. Given previessarch showing that young children can
indeed learn coding skills (e.g., Kazakoff & Be26,14), we first predicted that:

H1: Young children (4- to 6-years old) will learmuindational coding skills through

participation in a one-week program that teaclesng via guided app play on two

coding apps

In order to transfer learning to new situationss mecessary for children not only to learn
the specific target skill, but also to develop besna about the concept that they can apply to
new situations (Barr, 2010; Fisch, Kirkorian, & Agrdon, 2005). By playing with two different

types of coding games, we thought that childrethis particular coding camp might also
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develop a broader understanding of what codingashew it can be used in other contexts.
Therefore, this research explores whether childeengain a conceptual understanding of what
coding is through their participation in the pragreOur first research question therefore asked:

RQ1: Can children gain a conceptual understandinghat coding is through their

participation in a one-week program that teacloesng through two coding apps?

Lastly, considering the disparity of women in STH®Ids (Beede et al., 2011; Ceci,
Williams, & Barnett, 2009; National Science Founadiat 2013) and the importance of appeal
and interest in children’s learning from media (elgnebarger & McMenamin, 2010), our final
research questions asked:

RQ2a: Does gender moderate children’s learningtie wia apps?

RQ2b: Does appeal moderate children’s learningtie vzia apps?

3. Method

In order to better understand the nature and effsutss of tablet app games that claim
to teach coding to young children, we conducteduiirmethod examination of a one-week
summer program designed to teach coding to preekgaiten and kindergarten students via two
coding apps. Two trained researchers acted ag@temssassistants for the duration of the one-
week camp, conducting the interviews and adminiggezoding assessments with the children
for the study. In addition to the classroom obskowa parents gave us permission to access
child standardized test scores and demographieniafion (child gender, ethnicity, and date of
birth) from the summer camp office. All proceduvesre approved by the university’s
Institutional Review Board.

3.1. Participants
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ParticipantsN = 28) were four, five, or six years oldl (= 5.15) at the time of the study
and enrolled in a half-day coding summer prograngitted and talented youth in Chicago, IL.
Half of the participants were girle € 14). Nearly half identified as White/Caucasidf%,n =
13), nine were Asian/Pacific Islanders (32%), oadipipant identified as Hispanic/Latino, and
the rest were multiraciah(= 5). We obtained informed consent from the parehtdl
participants and verbal assent from all particiagtudents. Two participants did not complete
pre-test interviews and so only their post-testesare including in analyses.

The gifted and talented program organizing thesenser enrichment programs offers a
host of classes in language arts, math, sciensggrdand engineering, and computer science at
several sites throughout the greater Chicagolaeal. dro enroll in the summer camps, students
must score in the 90th percentile or above on i@matstandardized achievement test for their
grade level in an area that is relevant to thesmurhe class observed for this study included a
mix of students who scored in the 90th percentilabmve on a national standardized
achievement for math and/or language arts (e.qufif@n Test of Educational Achievement,
Kaufman Brief Intelligence Test). We collected timformation from camp administrators.

3.2. Coding Camp Curriculum

The course met for five days in the summer of 20&re was a morning and an
afternoon session with different participants. @ample represents children from both morning
and afternoon sessions. Each session was threg loogr Each day followed the same general
schedule: students arrived, had a welcome cirdlettoduce the coding theme for the day (e.g.,
loops, repeat, if/then conditions), rotated throtmlr different activity centers before having
snack, a break outdoors, and then returned indodesrn a new coding concept (e.g.,

troubleshooting). The day ended with one more imtahrough activity centers and a closing
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circle. Every day, except for the first day, foablets/iPads were set out at one center — thettable
center. The other three “centers” changed dailypften included some combination of a
writing/drawing center, block play, and an arts arafts project.

The classroom teacher and classroom aide weretraind state-certified early
childhood educators. The classroom teacher tabghsame course the year prior and had taught
the course at a different site the week prior toakservation. The teacher was very familiar
with the apps used in the curriculum.

Over the course of the week-long curriculum, stislerere taught concepts of
sequencing, conditions, and loops using two taidested appdaisy the DinosauandKodable
According to the Apple App StorBaisy the Dinosauthereafter referred to &misy) is an i0OS
app designed to teach children the basics of coddaisy the Dinosaur,” 2016). Using a drag
and drop interface with written commands, the d@ppsdo teach children sequencing, loops, and
conditional events. In challenge mode, the app piers to make Daisy, the animated
dinosaur, accomplish a specific task using programgnmstructions. For example, the first
instruction in challenge mode is to “make Daisy mtw the star” where the star is several
inches away from Daisy. Players must drag and trepgmove” command button listed on the
left side of the screen into a large block box a&bbDaisy to move the character (see Figure 1 for
example oDaisychallenge mode). Students were told to either plaghallenge mode
(gameplay with specific instructions to completejree play mode while at the tablet table,
depending on the day.

On day three of the programpdablewas introduced to the classroom. According to the
Kodablewebsite, this app provides a full set of curricdésigned to teach elementary students

coding — first by working on foundational skillgi@al for kindergarten, first, and second grade)
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and then by actually reading and writing code Ifarck, fourth, and fifth grades ("Kodable
Curriculum,"” 2016)Kodableis another drag and drop interface using direeliamrows as
commands. At each level, a ‘fuzz’ character is @né=d at one end of a snake-like maze that
extends from the left to the right side of the sardPlayers must move the appropriate
directional arrows (i.e. up, down, right, and léftjo command boxes to help the ‘fuzz’ roll
through this maze and onto the next level (seerBigdor example dkodablesequencing
level). By completing the mazes at each level, gigyearn about sequencing, loops, and
conditions.
3.3. Measures

As part of the study, participants were video-rdedrwhile they played at each station
throughout the course of the camp. Before the statamp on the first and last day, all
participants also participated in brief intervieswsl gameplay with a research team member.

3.3.1. Pre-post interview. On the first and last day of the camp, participaotspleted a
one-on-one interview with one of the researcheesquiet space in the classroom. The interview
was audio recorded, and participants were givetogad response options (i.e. smiley face
scale) whenever possible. The interview includeelstjons about children’s familiarity with
various devices (e.g., tablets, computers, etee)r familiarity with various coding apps (e.g.,
Kodable Daisy the DinosauyrScratchJy etc.), how much they likeaisy andKodable and
whether they could identify tH2aisy sequencing commands.

Device familiarity. To get a sense of children’s tech savvy-ness,qigatits were shown
pictures of different technological devices (ilaptop, tablet, smartphone, digital camera) and

asked to point to the devices they knew how to Baeticipants received one point for each
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device they said they knew; points were summeddate a device familiarity score (0 to 4
points, pre-tesvl = 2.46).

App familiarity. To get a sense of their level of experience witthreg-related apps,
participants were shown images of 12 coding orrogdelated apps, including the two apps used
in the coding camp (i.eScratchJr, Superhero Comic Book Makétodable Scratch
Toontasti¢ Lightbot HopscotchDoodlecastDaisy the DinosayrToca Builder Cargo-Bot and
Minecraff). Again, participants were asked to point to ladl apps they knew how to use.
Participants received one point for each app thé&ythey knew; points were summed to create
an app familiarity score (0 to 12 points, pre-tdst 1.65).

App appealWe were interested in whether children’s inteneshe apps was related to
their learning from them. At post-test, particigantere asked how much they likBdisy the
DinosaurandKodable which they had been playing in camp that weelec8ially, we asked
children “How much do you like playing with [XX apgy and “How much would you like to
play with [XX app] again?Children answered each of these questions usiagrgpbint Likert-
type scale (0-3), with response options being &iall,” (0), “a little,” (1), “a lot,” (2), or “a
whole lot,” (3). Scores for the two questions weuenmed to create a posttest app appeal score
for each game ranging from O0-Blfaisy = 4.48,SD= 1.76;Mkodabie= 5.46,SD= 0.83).

Daisy command knowledg®articipants were shown pictures of four of the o@nd
buttons inDaisy the Dinosaufi.e., “when”, “move”, “grow”, and “jump”) and askl to verbally
tell the researcher what each button means or dogse-test this represented a baseline
measure of participants’ familiarity with and kn@abe of how to plajpaisy. At post-test this
was a direct measure of how much they learned dbaisy the Dinosauas a result of

participation in the coding camp. Responses wetdedas incorrect (0) or correct (1), resulting
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in a composite score ranging from 0-4. On averalgdgdren knew 0.5 button$SD = 1.14) at
pre-test and 2.3 buttonSID = 2.68) at post-test. We subtracted scores atgstdfrom scores at
post-test to create a “Daisy Learning Score.”

“What is Coding?” Participants were asked to explain in their owndspwhat coding
is. The researcher asked each child, “Can yourtelWwhat coding is?” and, if needed, used the
prompt, “What do you do when you are coding sonmgfPi Participants’ responses were
recorded verbatim for later coding.

After reviewing all verbatim responses, researchegated a four-point coding scheme to
discriminate quality of verbal responses. Resporessived a score of “3” if they explained a
cause and effect sequence that could be appliethmology broadly. For example, one child
noted, “coding is controlling something in a waguyput in a code for something to do
something.” Responses received a “2” if they exygdia cause and effect sequence that can only
be applied to the target apps. An example frompauticipants was, “you need to put arrows in
the boxes and then the little ball moves.” Respsmnseeived a “1” if they mentioned a feature of
either of the target apps, but did not mentionwsabor action sequence. For instance, one child
said, “you code with Daisy the Dinosaur.” Otherdrrect or “don’t know” responses received a
“0”. After the coding scheme was established, teders who had not seen the responses used
the coding manual to give a numerical score foheasponse at pre-test and post-test. Interrater
reliability was high £ = .90).

3.3.2. Pre-post gameplay assessment. Participants were video-recorded playing up to
four different levels of th&odablegame on the first (pre-test) and last (post-&sy) of the
camp. The four levels we tested were selectedagipiwvo in sequencing, one in conditions, and

one in loops. These specific tasks were choserusedhey were (a) feasible to complete in the
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three-minute time window and (b) the second chghest each foundation skill level that was
available with our subscription of the product. Tesearcher gave one basic instruction to each
child (i.e., “For this game, you have to drag th@as over to the boxes to help the little guy get
through the maze”) and then asked each child, ‘@anshow me how you play?” If the child
succeeded at a level, the researcher would adtaagame to the next level, until three total
minutes had elapsed.

We designed a coding scheme to track the leveldrehi completed during the gameplay
assessment as well as their performance qualdégdt level. Adapted from Bers, Flannery,
Kazakoff, and Sullivan (2014) coding scheme, tvainied coders rated gameplay on a six-point
ordinal-like scale for each level played (four llsveossible in total) where “0” was assigned to
those who did not attempt gameplay and “5” wasgagsl for successful completion of the level.
For example, a student who, at pre-test, succéggimssed level one and only tried to attempt
level two, but was completely off target would rneeea score of 2.1. See Appendix A for full
coding scheme.

To quantify improvement from pre- to post-test,féedence score was created by
subtracting pre-test highest score from post-tegtdst score. Of the 56 total videos, two coders
double-coded 14 of them (7 pre-test and 7 post-2886), and the rest were split between the
two coders. Interrater reliability was goad< .75).

4. Results

First, we checked for potential covariates by ragrgorrelation analyses. Age,
standardized test percentiles, device familiagtyd app familiarity were not significantly
correlated with any of our dependent variables, @aisy command knowledgé&odable

gameplay, “What is Coding” scores) and thus wetamazuded in the following analyses.
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4.1. Learning and Articulating Foundational Coding Skills

To address our first hypothesis, we ran paired-$esipests to compare children’s
command knowledge scores and gameplay scores freitest to post-test. Participants
significantly improved in their knowledge Bfaisy commands from pre-ted¥i(= 0.5,SD=
1.14) to post-test = 1.88,SD= 1.42);t(26) = -4.80p < .001. Specifically, significantly more
students were able to correctly explain the theggiencing commands at post-test (i.e. “move,”
“lump,” “grow”), all p <.001, but there was no difference in success@xplaining a condition
command (“when”) at post-test (see Table 1 fost-tesults).

In terms ofKodablegameplay, participants were able to progress sagmifly farther and
score significantly higher iKodablegameplay from pre-tesiA = 1.62;SD = 0.81)to posttest
(M =2.99;SD=0.91). The average gameplay difference scoreposisive M = 1.36;SD=
0.77; Range = 1.1-4.5)27) = -9.42p < .001. Descriptively speaking, only 32% of papamnts
were able to successfully complete the first I@fghe game (sequencing) at pre-test compared
to almost all participants (92%) at post-test. Tatagether, these findings support our first
hypothesis; students were able to learn founddtimoging skills using these two apps.

We were also interested in children’s explanatibooaling, so we used a paired samples
t-test to compare “What is Coding?” scores fromtest to post-test. Scores on the “What is
Coding?” assessment did not significantly imprawerf pre-testjl = 0.48,SD = .85) to post-
test M = 0.74,SD= .90);t(27) = -1.23p = 0.23). Students did not improve in their abitiby
verbally articulate general understanding of thecept of coding as measured by our open-
ended question and coding scheme.

4.2. Gender, App Appeal, and Coding Knowledge
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To address RQ2a (whether gender predicts childfeaiming to code via apps), we first
ran an ANOVA to comparBaisy command knowledge difference scores by genderelhas
no difference in these scores by gené¢t, 24) = 1.84p = .188. We ran another ANOVA to
compare th&odablegameplay difference scores by gender; again, thageno significant
difference E(1,26) = 3.03p = .094), however the mean score for girls trerigedr. There was
also no significant difference in “What is Codings€ores by gendeF(1,25) = .05p = .83).

In terms of appeal, at post-test, all of the pgréints likedKodable“a lot” or “a whole
lot.” Students likedKodable(M = 5.46,SD = .84, Range = 4-6) more th&aisy (M = 4.48,SD
=1.76, Range = 1-6)(27) = -2.56p = .017, but reported they would want to play bagain.
Compared to the coding app that they previouslykbest M = 4.95, SD = 1.07), students liked
Daisyabout the sam&27) = 1.46, p = .155, but, on average, likemtlableslightly, but not
quite significantly moret(27) = -1.94p = .063. Overall, appeal for both apps was quigi I
=10,SD= 1.75, Range = 7-12).

To answer RQ2b, we ran a regression analysis tisgigaisy command knowledge
difference score as the dependent variableCaigy appeal score as the independent variable.
Daisyappeal was a significant predictor of improvemaeridaisycommand knowledgds(1,23)
=6.57, p = .017, such that Baisyappeal scores increase, on aver&gasy command
knowledge increases. Then, we ran a linear regnessialysis with th&odablegameplay
difference score as the dependent variablekartthbleappeal score as the independent variable.
Kodableappeal was not a significant predictor of improeatin Kodable gameplaf (1, 26) =
1,65,p = .210. Appeal for either app was not relatedithat is Coding” scoredisy. F(1,24)
= 2.36,p = .14;Kodable F(1,25) = .15p = .70).

5. Discussion
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This study utilized a multi-method design, inclugiboth child interviews and gameplay
assessments, to test the effectiveness of a casgatiprogram that uses two commercially
available apps to teach foundational coding skdllgoung children. In sum, participants
improved in their knowledge d@aisycommands and in thelifodablegameplay over the course
of the week-long camp, suggesting that they wefaghable to learn foundational coding skills
via structured app play. This finding was not sisipg as it echoes previous work that found
pre-school and early elementary school-age childrerable to learn sequencing over several
training sessions (e.g. Flannery & Bers, 2013). E\mv, it adds to the existing body of literature
on this topic by supplementing previous qualitatiescriptions with quantitative data on
children’s learning of coding skills. Moreover,shiesearch adds coding to the growing list of
foundational STEM concepts that children can l@anthe preschool years, and situates tablet
apps as being a potentially powerful way of expgsiildren to basic technology concepts. It
also adds to the literature on two specific gareslableandDaisy, which have not been
evaluated systematically.

Although this study was designed to measure yohiidren’s learning of programming
skills specifically, it is also relevant to the hder literature on preschoolers’ development of
computational thinking skills. Computational thingihas been defined as a set of problem-
solving skills and other concepts commonly usecbimputer science (Bers et al., 2014;
Computer Science Teachers Association, 2011; Mamiél., 2014). Our findings are in line
with other studies on preschoolers’ learning of patational thinking skills in that the
participants improved in their programming perfonoa after advancing through a dedicated
coding curriculum (Bers et al., 2014; Sullivan &Bg2015). Furthermore, this improvement

was best demonstrated with the activities they tsipenmajority of their time practicing (i.e.
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gameplay). Bers et al. (2014) found that kindergaats initially improved in their debugging,
correspondence, sequencing, and control flow skdkntified as elements of computational
thinking), but then decreased in their achievenoétitese activities subsequently. The
researchers posit that this decline in performava®likely related to the decreased amount of
time teachers spent on more advanced lessons affigctithat the tasks became incrementally
more challenging (Bers et al., 2014). Our finditglba similar story; participants improved in
Kodablegameplay and most @faisycommand knowledge, but not in successfully exphajni
the “when” command iDaisy or describing ‘coding’ more generally. Togethéegde two
studies suggest that when guiding children thrazggting or computational thinking curriculum,
as much time needs to be spent on the more advakiksdas on the basic foundational skills.
This study further extends the literature by exipigichild characteristics that could
potentially influence learning, namely gender apgeal. Contrary to some research that has
found gender differences in coding-related skijusition (Nourbakhsh, Hamner, Crowley, &
Wilkinson, 2004), but in line with more recent rassh (Papadakis, Kalogiannakis, & Zaranis,
2016; Sullivan & Bers, 2016), we did not find argnder differences in our study. We see this
finding as encouraging evidence for girls’ partatipn in computer science and programming
experiences. The classroom observed in this stadyakmost exactly equal in gender
representation. This, in and of itself, is notelWwgytas the camp was completely opt-in based,
and children (and their parents) had many choitesurse topics to enroll in for that week. The
lack of observed gender difference supports tha idat girls should be exposed to STEM as
early as possible since there seems to be no yimdgdognitive difference to blame for their

lack of participation in the STEM pipeline. It mportant to note that our participants were
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highly gifted, and therefore more research is ndédeonfirm whether this lack of gender
difference would be found in a more generalizablage.

While gender was not found to be an important matdey we found that appeaiks
significantly related to learning for one of theotapps used in this study. This relationship
makes sense given previous work on appeal in ednehimedia (i.e. Linebarger &
McMenamin, 2010; Linebarger & Piotrowski, 2006).\Wver, our results are noteworthy
because they suggest the appeal of apps may hmawveeanuanced effect on children’s learning
from apps (Fisch, 2004). Children in our study eddnigh in appeal toward the apps, and we
even observed a ceiling effect on appeakKiodable Nonetheless, generally appealing apps did
not result in all children learning equally fronetthem. In other words, our results suggest that
embedding coding in an app does not inherently nitadqgpealing; variability in app appeal —
even at high levels of appeal — can lead to varatin learning for young children.

Of course, it should be noted that appeal maylasaffected by various factors like the
particular presentation of the content as welleer @nd adult feedback around the content.
Although we followed well-established proceduresirearlier research (e.g. Aladé &
Nathanson, 2016; Meyer & Skora, 2010), we recogthiese factors may have influenced
children’s interest in the games, and recommenatéutesearch use both quantitative and
qualitative approaches to piece apart whether Bpgabout the game or about the context in
which it is played impacts children’s learning. Retjess, our finding about appeal is
noteworthy for media producers, parents, and eduséb keep in mind: while quality of the
curriculum is certainly important, when it comesafgps, maximizing the appeal of the apps may

be imperative to children’s optimal learning frohemn.
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In addition to learning the skills taught in thgpapone important question we had was
whether children would be able to gather a broadderstanding of the concept of coding after
participating in this particular summer program. W@ not see evidence of an increase in
broader understanding. This was a very explorajasstion, and eliciting open-response may
have limited our ability to gauge children’s actkabwledge of coding. It is possible that while
children did gain a broader understanding of codingy still lack the vocabulary and verbal
skills needed to describe the concémpdeed, other empirical work with a similar agelgralso
found that children failed to demonstrate learrfnrogn media when given open-ended prompts
like the ones used in this study (e.g. Mares & Azo2008). Future research should continue to
look not only at basic skill acquisition, but alseek to develop standardized measures of
conceptual coding knowledge for this age group.

6. Conclusion

Overall, these findings demonstrate that digitgdsapan indeed be used to teach young
children foundational coding skills and provideua find enjoyable platform on which to
practice these skills. Despite these importantifigsl, this research was not without limitations.
For one thing, this group of participants had seliected (by way of parents or guardians) to
participate in the particular program that we sddiThus, they likely started out at higher levels
of interest in coding than non-participants. Aduttlly, students in this class were not
representative of other children their age as thene required to be of above average
intelligence for entry into the program. While tinesearch is an important addition to the
literature on young children and programming, weusth be wary of extrapolating findings from
this research to general populations of pre-kinaideg and kindergarten students. Lastly, we

must reiterate that children in this program wewgght through a relatively structured
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curriculum, where target skills were demonstratgdhie teacher before individual app play, and
individual app play was closely guided and moniddog the teacher and teaching assistants.
Therefore, we cannot generalize our findings toteay merely playing with a coding app
independently will produce the observed effects.

Our research provides new quantitative data tolsupgnt the qualitative data on this
phenomenon, but further research is needed tordieteiif children can transfer these skills to a
novel programming language or other related contexture research should be designed to gain
a clearer understanding of whether independent giayean support learning of foundational
coding skills, and how parents and teachers cactgfely engage with children around coding
to promote children’s learning from guided instraotand modeling. Moreover, there is reason
to believe that the appeal of the apps is oneef tireatest features, as this familiarity and
enjoyment could lead children to play more gamiestihese that eventually might foster a love
of STEM learning later in life. If these positivarey experiences with coding and programming
are enjoyable and effective, perhaps they mighlit@e the training of more computer scientists

and eventually enable us to meet the demand fbediSTEM workers.
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Table1

Means and standard deviations for Daisy command knowledge scores

Variables n Mean SD t p
Move
Pre 26 A2 .33 -4.28 <.001
Post 28 54 51
Grow
Pre 26 A5 37 -4.63 <.001
Post 28 .62 .50
Jump
Pre 26 A5 37 -4.37 <.001
Post 28 .65 49
When
Pre 26 .08 27 0 1.00 ns
Post 28 .08 27

Notes. SD = Standard deviation, ns = not significant
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Figure 2. Screenshot of Kodable in sequencing game.



Highlights

Children’s learning of foundational coding skilleablet apps was tested
After one week, children demonstrated learningarhig-specific coding skills
Child gender was not related to learning outcomes

App appeal was positively related to learning ootes



