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INTERNATIONAL

LITERACY

ASSOCIATION

Using a Digital Spelling Game for
Promoting Alphabetic Knowledge
of Preschoolers: The Contribution
of Auditory and Visual Supports

Adi Elimelech ABSTRACT
Shaanan Academic Religious Teachers’ The authors developed a digital spelling game to promote children’s early lit-
College, Haifa, Israel eracy skills. Based on the dual-coding theory, the authors studied the benefits

of auditory support alone versus auditory+visual support. Children played the

game in three conditions: no support, hearing the whole word; auditory-only
Dorit Aram support, hearing a word segmented; and auditory+visual support, hearing the
word segmented together with seeing the highlighted position of the letters.
The participants were 129 Hebrew-speaking children (mean age = 5.7 years)
from five preschools located in low-socioeconomic status neighborhoods.
Children were randomly divided into one of the four groups (the three inter-
vention conditions and a comparison group that did not play the game but
watched electronic books). Children in each of the four groups participated in
eight 20-minute sessions over the course of one month (two sessions per week).
Children’s letter knowledge (letter names and sounds), phonological awareness
(word segmentation), word spelling, and word decoding were assessed before
and after the intervention. Children’s visuomotor and oral skills were assessed
and controlled for in the analyses. Generalized estimating equations regres-
sions showed that the auditory+visual support and auditory-only support groups
scored higher on the posttest than the no-support and comparison groups in
letter knowledge, phonological awareness, word spelling, and word decoding.
The no-support group scored higher than the comparison group only in letter
knowledge. The authors highlight ways for promoting children’s understanding
of the writing system and demonstrate the effectiveness of a computerized
game adapted to the orthography in promoting basic early literacy skills.

Tel Aviv University, Israel

early age (e.g., Robins, Treiman, & Rosales, 2014). Their early lit-

eracy skills reflect their understanding of the written language
and predict reading and writing achievement (National Early Literacy
Panel, 2008). Meaningful writing activities with preschoolers can pro-
mote children’s early literacy skills (e.g., Gerde, Bingham, & Wasik, 2012;
Jones, 2015; Suortti & Lipponen, 2016). Early writing includes compos-
ing, handwriting, and spelling (Kaderavek, Cabell, & Justice, 2009). Our
study focused on spelling activities with children while they are in the
partial alphabetic phase of reading development (Ehri, 1998, 2002), that
is, when they are familiar with some letters but have not established

Children express interest in the building blocks of literacy from an

INTERNATIONAL knowledge of the alphabetic code. We developed a digital spelling game
l"EH Anv adapted to the Hebrew orthography aimed at supporting children’s prac-
ASSOCIATION tice of sound-grapheme relations within a word in a playful way. (In this
article, spelling refers to selecting the appropriate letter(s) (using a key-

g:“;g’;&j;g‘rﬁ%"%g‘z’kr :32(62: board) for'f(')rming a word.) We based our study on thf: dual-C(.)din.g
© 2019 International Literacy Association. theory (Paivio, 1979, 2013), which proposes that when information is
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transmitted through both auditory and visual channels, it
is represented more fully. We examined the need for digi-
tal supports for word segmentation in a spelling game and
how digital supports, presented via a single channel (au-
ditory only) versus via dual channels (auditory and vi-
sual), would affect the acquisition of early literacy skills
(letter knowledge, word segmentation, word spelling, and
word decoding) among Hebrew-speaking children.

Early Literacy

Early literacy skills include the cognitive foundations that
develop in children before they formally learn to read and
write in school. These include a variety of skills for oral
language, letter knowledge, phonological awareness, con-
cepts of print, early reading, writing, and spelling (Aram,
2002; Reese, Robertson, Divers, & Schaughency, 2015).
Children’s learning to read and spell is based on encoding,
decoding, and comprehension. When they spell, children
encode spoken words into letters, and when children
decode, they convert letters into sounds (Share, 2008).
Phonological awareness and letter knowledge are the
main early literacy skills related to the beginning of de-
coding (Chambré, Ehri, & Ness, 2017; Ehri, 2017) and
encoding (Treiman, 2017).

Phonological awareness is sensitivity to the sound
structure of a word and the ability to identify and manipu-
late parts of the word (Pufpaff, 2009). It relates to a spec-
trum of skills, from awareness of the syllable unit to
subsyllables (consonant-vowel [CV] combinations) and
phonemes (Cs; Reese et al., 2015; Werfel & Schuele, 2012).
In alphabetic systems in general, sounds are represented
by letters, and reading rests on the capability to accurately
and effectively convert and synthesize the letters into
words (Katzir, Schiff, & Kim, 2012; Treiman, 2017). The
ability to segment a word into subsyllables and phonemes
is acquired less naturally than the ability to segment words
into syllables and, thus, requires instruction (McBride-
Chang, 2004; Share, 2008). Letter knowledge includes rec-
ognizing the form of letters, their names, the connection
between the graphic form of the letter and its name, and
the connection between the graphic form of the letter and
the sound it represents (Robins et al., 2014; Treiman,
Levin, & Kessler, 2012). Writing with preschoolers serves
as a good method for supporting the development of both
phonological awareness and letter knowledge (Bingham,
Quinn, & Gerde, 2017; Levin, Aram, Tolchinsky, & McBride,
2013; Puranik & Al Otaiba, 2012).

Writing With Preschoolers

Young children participate in activities such as writing
names, lists, or birthday cards at home and in preschool
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settings (e.g., Aram, 2010; Bingham, Quinn, McRoy,
Zhang, & Gerde, 2018; Neumann, Hood, & Ford, 2013;
Puranik & Al Otaiba, 2012). Preschoolers’ writing first
includes signs and letter-like symbols, and as their liter-
acy knowledge develops, they begin to use letters in
their writing. At the beginning, the letters are not repre-
sentative of sounds; rather, they are often letters from
their name or frequent letters in their orthography.
Gradually, preschoolers learn that writing is based on
the sounds of speech (Levin & Bus, 2003; Puranik &
Lonigan, 2011; Treiman, 2017). In our study, we focused
on the phase in which children explore the sound-letter
relations in their writing.

Children come to understand that letters symbolize
segments of speech via repeated interactions with sup-
porting adults, such as family members and teachers
(e.g., Robins & Treiman, 2010). In effective spelling sup-
port, adults guide children to separate words into their
component sounds, connect each sound to its letter, and
then independently write the letter (Hall, Simpson, Guo, &
Wang, 2015; Jones, 2015; Levin & Aram, 2013). Building
on the successful interactions between supportive adults
and young children as they learn to spell, we examined
how different digital supports within a spelling game
could promote early literacy skills.

Digital Tools and
Early Literacy Skills

Activities with screens are commonplace in the lives of
preschoolers in Western societies, and children use a
variety of digital tools (e.g., television, computer, smart-
phone, tablet) on a regular basis (Janisse, Li, Bhavnagri,
Esposito, & Stanton, 2018; Neumann, 2018; Yalcintag
Sezgin & Ulus, 2017). Indeed, environments enabled by
technology have become important places of learning
for children (Takacs, Swart, & Bus, 2015). These online
environments are rich with information and visual and
auditory representations (Bus, Takacs, & Kegel, 2015;
Smeets & Bus, 2015; Yalgintas Sezgin & Ulus, 2017).
Benefits of digital learning tools include the fact that
they address individual differences between students,
allow choice, provide repeated practice, help adults to
follow learners’ progress, and teach users about their
mistakes (Patchan & Puranik, 2016).

Within the realm of literacy, GraphoGame, a digital
game developed to help children with difficulties in read-
ing acquisition understand the relation between letters
(graphemes) and sounds (phonemes), was found effective
in promoting children’s literacy in different languages (e.g.,
English and Spanish: Baker et al., 2017; Finnish: Lyytinen,
Erskine, Kujala, Ojanen, & Richardson, 2009; Indonesian:
Borleffs et al., 2018). Studying the benefits of digital games
to early literacy, Schmitt, Hurwitz, Duel, and Linebarger
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(2018) found that preschoolers who played literacy games
on an educational website outperformed the comparison
group that played with puzzles in eight out of 12 early
literacy assessments. In the present study, preschoolers
played a digital spelling game, learning to connect a sound
to a letter within the context of forming a word.

In a review, Neumann and Neumann (2014) found
that tablets have the potential to enhance preschoolers’
early literacy skills (e.g., alphabet knowledge, concepts
of print, early writing). However, the researchers em-
phasized the importance of the quality of the applica-
tions and the nature of the feedback. Kegel and Bus
(2012) examined how digital verbal feedback promotes
early literacy skills of 4-year-old Dutch children from
families of a low socioecocomic status (SES) playing a
literacy game (Living Letters). The researchers found
that digital support that included a vocal explanation
when children selected a correct response (e.g., “In the
word X you hear the sound Y like in your name”) was
productive.

Auditory and Visual
Digital Supports

In the present study, we explored the benefits of audi-
tory and visual supports in a spelling game. In his dual-
coding theory of cognition, Paivio (1979, 2013) posits
that verbal (auditory) and visual information are pro-
cessed by two separate but related channels. This simul-
taneous processing allows deep learning because the
understanding of nonverbal information supports the
understanding of verbal information, and vice versa.
The two systems operate independently, and the inter-
connections between them promote the creation of
coherent mental images. Mayer (2009) suggested that
when learning with multimedia, the brain interprets the
presentation of words, pictures (visual), and auditory
information, and that these elements are selected and
organized dynamically to produce logical mental
constructs.

Supporting Paivios (1979, 2013) view within the
realm of digital literacy, Neuman (1989) found that stu-
dents who watched a multimedia story recalled more
story elements than did students exposed to only one
medium. Also, studies that compared e-books with ani-
mated pictures and sounds versus print presentations
found an advantage for technology-enhanced books on
children’s story comprehension and word learning
(Smeets & Bus, 2015; Verhallen & Bus, 2010; Verhallen,
Bus, & de Jong, 2006). However, in their meta-analysis,
Takacs et al. (2015) stressed that the benefits of the digi-
tal double contribution are dependent on the nature of
the task and the student’s characteristics. We studied the

benefits of the digital double contribution within the
realm of an early spelling game.

The Current Study

Reviewing the literature, we did not find studies that as-
sessed the efficacy of digital spelling games in promoting
early literacy. We also did not find studies particularly on
how auditory and visual digital supports aid children’s early
literacy. To narrow this gap, we designed a digital early
spelling game and assessed the value of auditory support
and the additive benefits of simultaneous auditory and
visual support to preschoolers’ early literacy development.
We specifically adapted the spelling game to the
Hebrew orthography. Hebrew is a consonantal Semitic lan-
guage known as abjad (Tadmor-Troynsky & Share, 2017).
The consonant root is at the center of a Hebrew word and
carries the principle meaning of the word. In consonantal
languages, all the consonants and only some of the vowels
are partially represented by letters. A child learning to write
in Hebrew will first spell primarily consonants and only
later will add vowels (Aram & Levin 2001; Levin & Bus,
2003; Levin, Shatil-Carmon, & Asif-Rave, 2006). Writing
the consonant form of Hebrew, without diacritics/points
(the way that books are written and people, including chil-
dren, write in everyday life), is easy because the majority of
words use a single letter to represent a C-V combination.
For example, the word dog (kelev) is written with three
letters—k, I, and v (291)—representing two subsyllables
(ke and le) and a consonant (v). Yet, Hebrew is harder to
read because without diacritics, each letter can be read in
different combinations depending on the context. For ex-
ample, the letter K can be read as ka, ke, ki, ko, or ku.
Because of the language structure, children usually try to
write before they try to read (Katzir et al., 2012). Because of
the structure of the Hebrew writing system, it is important
for preschoolers to practice separating words into subsyl-
lables (CVs) and phonemes (Cs) rather than only pho-
nemes (Levin et al, 2013; Share, 2008). In our digital
spelling game, the auditory support followed these rules.
In the present study, we had two aims:

1. To determine whether a digital spelling game
improves preschoolers’ scores in basic early lit-
eracy-related skills (letter knowledge and pho-
nological awareness) and more comprehensive
skills (word spelling and decoding), while con-
trolling for the effect of their oral language and
visual perception

2. To compare the relative effectiveness of auditory
and auditory+visual supports when playing a dig-
ital spelling game in promoting preschoolers’
early literacy-related skills
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To achieve these aims, we included four groups of
preschoolers. One group played the spelling game and
received auditory support; they heard the word that they
had to spell segmented into its components. A second
group received auditory and visual support; they heard
the word segmented into its components while simulta-
neously seeing the highlighted position of each letter. To
learn the benefits of the auditory support, we included a
third group that played the digital spelling game with no
support, and to study the value of the spelling game in
general, we included a comparison group that watched
e-books and did not play the spelling game.

We hypothesized that the three intervention groups
that played the spelling game would score significantly
higher in the posttest early literacy measures (letter
knowledge, phonological awareness, word spelling, and
word decoding) than would the comparison group that
watched and listened to electronic narrative fiction
books (comparison group). We further hypothesized
that the groups that received auditory+visual support or
auditory-only support would score significantly higher
in the posttest early literacy measures than would the
group that played the spelling game with no support.
Finally, we hypothesized that the group that received
auditory+visual support when playing the spelling game
would score significantly higher in the posttest early lit-
eracy measures than would the group that received only
auditory support.

Method

Participants

The participants were 129 preschoolers (68 girls, 61
boys) from five preschools located in low-SES neighbor-
hoods. As in other Western countries (e.g., Fernald,
Marchman, & Weisleder, 2013; Lee & Al Otaiba, 2015),
in Israel, there are gaps in literacy achievements between
children from middle- and low-SES backgrounds, with
those from lower SES showing lower achievements (e.g.,
Korat & Haglili, 2007). We aimed to promote these chil-
dren’s early literacy. Preschools in Israel are physically
and pedagogically detached from elementary schools.
Classes contain approximately 28 children and operate
from 8:00 a.m. to 2:00 p.m. six days a week, and the
teachers hold a degree that is equivalent (at least) to a
bachelor’s degree.

Formal instruction in reading and writing begins in
first grade. The preschool early literacy curriculum re-
fers to oral language, communication skills, book im-
mersion activities, alphabetic skills, early writing, and
reading (Levin et al., 2007). Although preschool teach-
ers focus on language and communication skills, read
books to children, introduce the ABCs, and play rhym-
ing games with children, they engage children very little

238 | Reading Research Quarterly, 55(2)

in writing activities or word segmentation (Aram, Abiri,
& Elad, 2014).

The children’s ages ranged from 4 years 6 months to
6 years 6 months (M = 5 years 9.08 months, SD = 4.28
months). The parents’ education levels reflect the par-
ticipants’ low SES. Only 27.84% of the mothers and
22.08% of the fathers hold an academic degree, whereas
on average, 46% of Israeli adults hold an academic de-
gree (Central Bureau of Statistics, 2016). The origin of
the families was 5% from the former Soviet Union and
8% from Ethiopia, but all the participating children and
their parents were born in Israel and spoke Hebrew at
home. All children in each of the five preschools par-
ticipated in the study. Children who were absent for
more than two weeks during the intervention as a result
of illness (three children) and those who had lived in
Israel for less than two years (six children) were ex-
cluded from the study. Only 38.76% of the participants
had a computer at home. However, all families had at
least one cell phone. There was no internet connection
in the preschools, and only one had a computer with a
few games (e.g., memory, visual perception), but the
children hardly ever played with it.

We randomly divided the children in each preschool
into four groups. Across the preschools, 31 children
were in the group that played without support (no sup-
port), seeing the word as a whole; 32 children were in
the group that played with auditory support (auditory-
only support); 33 children were in the group that played
with auditory and visual support (auditory+visual sup-
port); and 33 children were in the comparison group
that viewed fiction e-books.

Measures
Early Literacy Measures

Letter Knowledge (Elimelech, Aram, & Levin,

in press; Levin & Aram, 2013)

The children heard the sounds of 16 Hebrew CV combi-
nations (e.g., bo, la). We asked them to name the letter
needed for spelling each CV (e.g., the letter names bet
and lamed) and then identify the letter’s shape from
cards with all Hebrew letters (e.g., 2 [B], % [L]). Letter
knowledge was evaluated on a 3-point scale: 0 = did not
know/gave a wrong letter name, 1 = named the letter cor-
rectly, and 2 = correctly named and identified the letter.
The average score across the 16 letters served as the let-
ter knowledge score. The Cronbach’s alpha was .92 for
the pretest and .83 for the posttest.

Phonological Awareness (Elimelech et al., in press;
Levin & Aram, 2013)

We asked the children to segment each of 12 words into
CV-C combinations according to Hebrew orthography
rules. The words were familiar to the children, included
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28 CVs and 16 Cs, and represent the common CV-C
combinations in Hebrew (CV-CV-C, CV-C-CV-C, and
CV-CV-CV-C). The researcher provided an example:
“We segment the word karahat [baldness] into ka-ra-
ha-t” or “the word barvaz [duck] into ba-r-va-z” The
children received two scores reflecting the percentage of
correctly segmented CVs and Cs. The Cronbach’s alpha
for segmenting words into CVs was .88 for the pretest
and .91 for the posttest. The Cronbach’s alpha for seg-
menting words into Cs was .86 for the pretest and .88 for
the posttest.

Word Spelling (Elimelech et al., in press;

Levin & Aram, 2012)

We asked the children to spell their name and eight ad-
ditional words (a total of 42 letters), each on a separate
sheet of paper. We chose the minimum number of words
familiar to the children that include all 27 letters of the
Hebrew alphabet (including final and vowel letters). The
words were different from the words in the spelling
game. Given the children’s age and their limited spelling
skills, and based on previous studies (e.g., Puranik & Al
Otaiba, 2012), we created a developmentally adjusted
5-point scale for assessing the spelling level of each let-
ter: 0 = a random letter, 1 = a homophonic letter in an
incorrect position, 2 = a correct letter in an incorrect posi-
tion, 3 = a homophonic letter in a correct position, and
4 = a correct letter in a correct position. The average
score across the 42 letters served as the spelling level
score. The Cronbach’s alpha was .95 for the pretest and
.96 for the posttest.

Word Decoding (Elimelech et al., in press;

Levin & Aram, 2012)

We asked the children to decode eight words that were
presented on cards. These were the same words that
they were asked to write in the word spelling task.
Because decoding in Hebrew is very challenging for pre-
schoolers (Levin & Aram, 2012), we created a 5-point
scale: 0 = a wrong word, 1 = the child correctly pro-
nounced two letters from the target word, 2 = the child
correctly pronounced three or more target letters from the
word, 3 = the child correctly pronounced all the word’s
letters, and 4 = the child read the word correctly. The av-
erage score across the eight words served as the reading
level score. The Cronbach’s alpha was .97 for the pretest
and .99 for the posttest.

Control Measures

We controlled for children’s oral language skills and vi-
sual perception because there is evidence that these
abilities correlate with children’s reading and writing
acquisition. For example, the RAND Reading Study
Group (2002) found correlations with oral language,

and Cetin et al. (2016) found correlations with visual
perception.

Oral Language

We used a definitions task (Snow, Cancini, Gonzalez, &
Shriberg, 1989; Hebrew version: Aram, 2002) to assess
the children’s oral language. We asked them to define 14
words (e.g., “A flower, what is a flower?”). No example
was given. We scored each of the 14 definitions for the
total number of definitional features, functional features,
examples, descriptive features, synonyms, and compari-
sons. The total number of correct elements across the 14
words served as the oral language score. The Cronbach’s
alpha was .87.

Visual Perception

We measured the children’s visual perception using
the visual perception section of the Beery-Buktenica
Developmental Test of Visual-Motor Integration (Beery
& Beery, 2010). We presented the children with 27 target
shapes, underneath each of which appeared three to
seven similar shapes, including one shape identical to
the target shape. We asked the children to point to the
shape identical to the target shape. Each correct re-
sponse received 1 point. The total number of points
served as the visual perception score. The Cronbach’s
alpha was .71.

Procedure

The study took place over six weeks in each preschool. It
received the approval of the Israeli Ministry of Education
and Tel-Aviv University. The parents signed consent
forms prior to the beginning of the study. The researcher
came to the preschools on each day of the first and sixth
weeks and assessed the children. The researcher ex-
plained the general aim of the study to the teacher. She
told the teacher that the children would play early liter-
acy games on the computer and that she would be fully
informed at the end of the study. The teachers were not
involved and were blind to the children’s placement in
the different groups.

The researcher assessed each child individually in a
quiet area of the preschool for 20-30 minutes using
cards, paper, and pencil. During weeks 2-5, the re-
searcher came to the preschool with four laptops (in-
cluding headphones) and internet connection. The
preschool routine was kept, and the researcher called
four children at a time to play the digital game in a quiet
area.

The intervention itself entailed eight 20-minute ses-
sions with the spelling game, on an individual basis,
over the course of four weeks (twice per week). Prior to
the first session, the researcher practiced use of the
mouse with each child in the intervention groups (10
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minutes). For this practice, she used a game in which
the child had to drag toys into a box (e.g., dragging let-
ters to spell a word). Afterward, she explained to the
child how to play the game, and the child then played
independently. The researcher assisted the child only in
solving technical issues (e.g., accidently leaving the
game). Children in the comparison group watched an
age-appropriate narrative fiction e-book during each
20-minute session (eight books in total). At the end of
the study, the researcher met with each preschool
teacher, explained the study, showed her the game with
its different feedback types, and gave her access to the
game.

The Spelling Game

In planning the game, we studied digital games in which
children chose letters to complete words (e.g., Neumann,
2018; Richardson & Lyytinen, 2014; Van der Kooy-
Hofland, Bus, & Roskos, 2012). Because ours is a spelling

FIGURE1

game rather than a graphic game, the children dragged
letters and did not produce them graphically. Dragging
letters is easier than printing them, and this enabled ex-
perience with more words per game. Because of the im-
portance of immediate feedback and reward (e.g., Kegel
& Bus, 2012; Patchan & Puranik, 2016), we added a small
cartoon monkey that rewarded the children for each cor-
rect response.

The game comprises 195 boards. The child’s aim is
to move from board to board, collect a maximum num-
ber of points, and move to the next stage. For each
board, a word with a missing letter(s) appears in the
center of an empty screen, and above it is a picture de-
picting the word, with the monkey sitting to the left of
the picture. Four letters appear below the word, and the
child selects the appropriate letter(s) in order to spell the
word (see Figure 1). We asked the child to drag the letter
to the appropriate place in order to complete the word.
When the child pressed on a particular letter, he or she
heard its name. and when the child pressed on a picture,

Example Screens: Writing the Opening Letter, Closing Letter, Second Letter, and Complete Word

23

The word to write: yeled— YLD — a

child.

11%

S

19_

TEAD RO

L

The word to write: sefel — SFL- a cup.

&

The word to write: barvaz — BRVZ -

a duck.

3a%

The word to write: delet — DLT - a

door.

Note. The color figure can be viewed in the online version of this article at http://ila.onlinelibrary.wiley.com.
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he or she heard the word. If the child selected the correct
letter, he or she heard a sound of success (a chime), and
the monkey hopped and awarded 5 points. If the child
selected an incorrect letter, it returned to its place, and
the word was heard again. At the end of each stage (six
boards), the child heard a celebration sound.

We programmed the game in a developmentally ap-
propriate manner so each child played the four levels of
the game (six words per level) in each of the eight ses-
sions, from the easiest to the most difficult (Bowman &
Treiman, 2002; Levin, Both-de Vries, Aram, & Bus,
2005). In each session, the child spelled 24 words, begin-
ning with the opening letter and moving to the closing
letter, the second letter, and then the entire word (see
Figure 1). For the no-support intervention group that
played the game, the picture appeared while the word
was heard. For the auditory-only support group, the pic-
ture appeared, the word was heard, and then the word
was heard segmented into CV-Cs according to Hebrew
orthography (e.g., se-fe-I). For the auditory+visual sup-
port group, the picture appeared, the word was heard,
and then the word was heard segmented into CV-Cs
concurrently with highlighting of the position of each
letter.

Several elements contribute to the unique quality of
this digital game. It was designed based on previous
studies on digital games. Only one word accompanied
by one simple, clear picture is presented on each screen.
There is evidence that multiple pictures on the screen
distract children and make a task more difficult (Falloon,
2013). The words in our game appear in the center of a
clear screen with no gimmicks or hotspots. Studies have
shown that commercial literacy games with crowded
screens tend to turn children’s attention to the gimmicks
instead of to the literacy tasks (Bus et al., 2015; Falloon,
2013; Van der Kooy-Hofland et al., 2012). We designed
the game in accordance with Hebrew orthography. The
words encompass all letters of the Hebrew alphabet and
their various sounds. In line with the typical length of
words in Hebrew, we chose two- to five-letter words
with different structures. The auditory and visual digital
supports also fit the Hebrew writing system. The se-
lected words do not include vowel letters, because in
Hebrew, these words are more difficult for young chil-
dren to write. Consonants are full-fledged letters, but
vowels are not (Share & Bar-On, 2018).

Data Analysis

At the pretest level, we used analyses of variance to com-
pare the four groups on all study measures in order to en-
sure that there were no differences among them. We
assessed the correlations between the control measures
(oral language and visual perception) and the literacy skills

(letter knowledge, segmentation to CVs, segmentation to
Cs, word writing, and word decoding) using Spearman
correlations because the scores did not have a normal dis-
tribution. Because our intervention groups were nested
within the preschools, the optimal assessment for studying
differences between the interventions should be a multi-
level analysis. However, we had only five preschools, so we
did not meet the minimum of 10 clusters needed for a
multilevel analysis (Maas & Hox, 2005). Keeping in mind
that children in each preschool were randomly placed in
the four groups and that the teachers were blind to this
placement and to the nature of the spelling game, the
control for preschools was less essential. Nonetheless, we
checked the intraclass correlations between the five pre-
schools across the measures. The intraclass correlations
were .08 for letter knowledge, .10 for segmentation to CVs,
.06 for segmentation to Cs, .01 for word writing, and .003
for word decoding. The intraclass correlations for letter
knowledge and segmentation to CV's are above the cutoff
point, and we were cautious and reported only highly sta-
tistically significant results.

We used generalized estimating equation (GEE) re-
gression models in which pretest and posttest scores
were repeatedly measured within the participants in or-
der to portray differences between groups (Hanley,
Negassa, & Forrester, 2003), controlling for children’s
language and visual perception skills. GEE and general
linear model are two procedures that are supposed to
produce similar estimates when controlling for repeat-
edly measured individuals (in this study, at two time-
points). The GEE, however, allows the estimation of
marginal means subject to explanatory factors such that
sources of interaction terms are assessed. Moreover,
GEE analyses have a better chance to converge, multiple
covariance structures can be tested, and testing under
various distribution assumptions can be performed
(e.g., normal, Poisson, binary). The full information
maximum likelihood approach is applied in GEE, simi-
lar to its application in general linear model, when data
include missing values (e.g., Fitzmaurice, Davidian,
Verbeke, & Molenberghs, 2008; Garson, 2013). We re-
port the between-participants’ visual perception, oral
language, and intervention group effects on the literacy-
related skills, controlled for time (pre vs. post) effect.
We added a Time x Group interaction effect in order to
detect possible time effects across intervention groups.
We report on the effect sizes of the groups’ progress and
the differences between the groups in the posttests us-
ing Cohen’s d. The effect sizes are interpreted as small
(0.2), medium (0.5), or large (0.8; Cohen, 1977; Durlak,
2009). Figure 2 presents each group’s progress from the
pretest to the posttest. Lack of overlaps between pretest
and posttest standard errors also illustrates the volume
of the children’s progress in these groups.
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FIGURE 2

The Groups’ Pretest and Posttest Scores and Standard Errors
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Results

Children’s Achievements Before
and After the Intervention

Children’s early literacy-related skills were evaluated be-
fore and after the intervention. Table 1 presents the chil-
dren’s pretest and posttest achievements, as well as their
oral language and visual perception in the pretest. Before
the intervention, the children named and identified about
half of the letters. They seemed to have difficulty in seg-
menting words into CV's and Cs and usually used random
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letters to spell words. The children correctly decoded
fewer than two letters of a word (e.g., for the word money,
written KSF and pronounced kesef, they said, kk). Pre-
intervention scores indicated a low level of oral language;
the childrens definitions included, on average, less than
one element per word. Their visual perception was appro-
priate for their age norm (score of 11 and above).

We compared the children’s achievements between
the four groups prior to the intervention using analyses
of variance. The F values showed no statistically signifi-
cant differences between the four groups on all early
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TABLE1

Description of the Children’s Pretest and Posttest Scores Across Groups (N = 129)

Intervention groups

(2-point scale)
Phonological awareness: Segmentation

Consonant-
vowel
(percentage)

60.71 (17.83) 84.09 (9.24)

Consonant
(percentage)

Word spelling
(4-point scale)

0.54 (0.66) 1.98 (0.79)  0.56 (0.77)

Word decoding 0.75 (1.10)
(4-point scale)

2.08 (1.53)  0.74 (1.19)

Controlled measures

Oral language
(total number
of correct
answers)

15.36 (4.54) 17.75 (6.78)

Visual
perception
(total number
of correct
answers)

15.24 (2.50) 16.37 (3.16)

Auditory+visual support Auditory-only support No support Comparison group
(n=33) (n = 32) (n=31) (n =33)
Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest
Measure M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Letter 1.10 (0.60) 1.63 (0.42)  0.99 (0.53) 1.60 (0.36)  1.03 (0.60) 1.43 (0.49) 0.83(0.48) 0.91(0.51)
knowledge

61.05 (15.77) 79.24 (9.70)

21.59 (27.65) 69.70 (18.49) 20.50 (25.26) 59.57 (19.44) 29.43 (25.47) 28.87 (27.31) 22.54 (21.13) 19.88 (22.99)

1.56 (0.77)

1.85 (1.55)

65.43 (11.75) 68.78 (16.49) 54.33 (22.98) 56.34 (21.50)

0.56 (0.76)  0.83 (0.87)  0.50 (0.86)  0.57 (0.87)

0.80 (1.18)  1.16 (1.42)  0.63 (1.23)  0.82 (1.26)

17.19 (7.59)

15.57 (6.01)

14.93 (2.60) 15.72 (2.85)

literacy measures: letter knowledge (F = 1.31, p > .05),
phonological awareness for subsyllables (CVs; F = 2.16,
p > .05), phonological awareness for phonemes (Cs;
F=10.82, p > .05), word spelling (F = 0.03, p > .05), and
word decoding (F = 0.11, p >.05). The four groups did
not differ on the controlled measures: oral language (F =
1.13, p > .05) and visual perception (F = 1.61, p > .05).
After the intervention, the auditory-only support
group and the auditory+visual support group succeeded
in naming and identifying most of the letters, whereas the
comparison group named and identified less than half of
the letters. On the phonological awareness (segmenta-
tion) task, children who received support (the auditory-
only and auditory+visual support groups) succeeded in
segmenting words into CVs (approximately 80%) and Cs
(approximately 60%). Children in the comparison group,
who watched e-books, succeeded in segmenting around
half of the CV's and 20% of the Cs. The spelling scores re-
vealed that children in the auditory+visual support group
succeeded in correctly spelling about half of the letters in
the words, the auditory-only support group less than half
of the letters, the no-support group less than a quarter of
the letters, and the comparison group only one eighth of

the letters. As to word decoding, children in the auditory-
only and auditory+visual support groups scored higher
than children in the no-support intervention group and
the comparison group. The children in the auditory-only
and auditory+visual support groups scored around level
2, which demonstrates that they tended to correctly pro-
nounce most of the words’ letters.

Spearman correlations showed statistically significant
low correlations between children’s oral language and word
spelling, letter knowledge, and word decoding (r = .35, .24,
and .18, p < .05, respectively), as well as statistically signifi-
cant low correlations between children’s visual perception
and letter knowledge, phonological awareness, and word
spelling (r = .23, .22, and .32, p < .05, respectively). All sub-
sequent analyses that compared children’s scores between
groups controlled for oral language and visual perception.

Comparison Between the Groups
Controlling for Language Level
and Visual Perception

Table 2 presents the results of the GEE regression analy-
ses predicting children’s letter knowledge, phonological
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*p < .05. ***p < .001. 'p <.06.

awareness, word spelling, and word decoding, controlling
for their oral skills and visual perception. The regression on
letter knowledge revealed that children’s visual perception
predicted letter knowledge (B = 0.05, p <.001). We found a
statistically significant Time x Group interaction (Wald
x* = 83.15, p <.001). Bonferonni post hoc tests revealed the
source of the interaction and showed that each of the
groups that played the spelling game scored significantly
higher on the posttest than on the pretest in letter knowl-
edge, whereas the comparison group did not. The Cohen’s
d effect sizes reflect the scope of these groups’ progress with
scores of 0.77, 2.20, and 1.39 for the auditory+visual,
auditory-only, and no-support groups, respectively. No dif-
ferences in posttest scores were found between the three
intervention groups. At the posttest, all intervention groups
scored significantly higher than the comparison group (p <
.001). Comparisons between the posttest scores of the
auditory+visual, auditory-only, and no-support groups
and the score of the comparison group revealed high
Cohens d effect sizes of 1.62, 1.68 and 1.19, respectively.
Figure 2 presents the scores and standard errors across
time and groups.

Regarding phonological awareness, we studied chil-
dren’s word segmentation into CVs and Cs. Regression
analyses showed that children’s visual perception
predicted their posttest word segmentation into Cs
(B = 1.61, p < .05). We found a statistically significant
Time x Group interaction for both segmentation mea-
sures, CVs (Wald x? = 50.53, p < .001) and Cs (Wald x* =
181.42, p <.001). Bonferonni post hoc tests revealed the
source of the interactions. For segmenting words into
CVs, only children who played the game with support
scored significantly higher on the posttest than on the
pretest (p <.001), with high Cohen’s d effects of 1.13 and
0.92 for the auditory+visual and auditory-only support,
respectively. At the posttest, the intervention groups re-
ceiving support (auditory+visual and auditory-only
support) scored significantly higher than the no-support
and comparison groups (ps <.001). The auditory+visual
support group did not score significantly higher com-
pared with the auditory-only support group, and the no-
support intervention group did not score significantly
higher compared with the comparison group. Cohen’s d
effect sizes of the comparisons between the posttest
scores of the auditory+visual and auditory-only support
groups versus that of the no-support group were high
(1.12 and 0.74, respectively), and the effect sizes be-
tween the auditory+visual and auditory-only support
groups versus that of the comparison group were also
high (1.74 and 1.41, respectively). Figure 2 presents the
scores and standard errors across time and groups.

For segmenting words into Cs, only children who
played with support scored significantly higher on
the posttest than on the pretest, with high Cohen’s d effects
of 2.14 and 1.91 for the auditory+visual and auditory-
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only support groups, respectively. At the posttest, the
auditory+visual support group scored significantly higher
than the no-support and comparison groups (ps < .001)
but not significantly higher than the auditory-only sup-
port group. The auditory-only support group scored sig-
nificantly higher than the comparison group (p <.001) but
not higher than the no-support intervention group.
Furthermore, there were no differences in the scores of
the no-support intervention group and the comparison
group. Comparisons between the posttest scores of the
auditory+visual and auditory-only support groups versus
that of the no-support group yielded high Cohen’s d effect
sizes of 1.81 and 1.34, respectively, and comparisons be-
tween the posttest scores of the auditory+visual and
auditory-only support groups versus that of the compari-
son group also yielded high Cohen’s d effect sizes, of 2.3
and 1.71, respectively. Figure 2 presents the scores and
standard errors across time and groups.

The regression analysis for predicting word spelling
revealed that childrens visual perception (B = 0.08, p <
.05) and language level (B = 0.02, p < .05) predicted their
spelling. We found a statistically significant Time x Group
interaction (Wald x> = 184.27, p < .001). Bonferonni post
hoc tests revealed the source of the interaction and
showed that each of the intervention groups scored sig-
nificantly higher on the posttest than on the pretest,
whereas the comparison group did not. The Cohen’s d ef-
fect sizes reflect the high scope of these groups’ progress,
with scores of 2.67 for the auditory+visual support group,
2.07 for the auditory-only support group, and 0.92 for the
no-support group. At the posttest, the auditory+visual
support intervention group scored significantly higher
than the no-support and comparison groups (ps < .001).
The auditory+visual support intervention group showed
somewhat (statistically nonsignificant) higher scores than
the auditory-only support intervention group (p = .07).
The auditory-only support group scored significantly
higher than the comparison group (p <.001) and margin-
ally (statistically nonsignificant) higher than the no-
support group (p = .06). The no-support intervention
group did not score significantly higher than the compar-
ison group. Cohens d effect sizes of the comparisons be-
tween the posttest scores of the auditory+visual and
auditory-only support groups versus the no-support
group were 1.50 and 0.78, respectively. The comparisons
between the scores of the auditory+visual and auditory-
only support groups versus the comparison group were
1.84 and 1.14, respectively. Figure 2 presents the scores
and standard errors across time and groups.

The regression analysis for predicting word decoding
revealed a statistically significant Time x Group interac-
tion (Wald x> = 40.52, p < .001). Bonferonni post hoc tests
revealed the source of the interaction and showed that all
intervention groups scored significantly higher on the
posttest than on the pretest, whereas the comparison

group did not. The high Cohen’s d effect sizes reflect the
scope of these groups’ progress, with scores of 1.38 for the
auditory+visual support group, 1.39 for the auditory-
only-support group, and 0.82 for the no-support group.
At the posttest, the auditory+visual support intervention
group scored significantly higher than the comparison
group (p < .01) but not higher than the auditory-only or
no-support intervention groups. The auditory-only sup-
port group did not score significantly higher than the no-
support or comparison groups, and the no-support
intervention group did not score significantly higher than
the comparison group. Cohens d effect sizes of the com-
parisons between the posttest scores of the auditory+visual
and auditory-only support groups versus the score of the
no-support group were 0.70 and 0.43, respectively.
Cohen’s d effect sizes of the comparisons between the
auditory+visual and auditory-only support groups versus
the comparison group were 0.97 and 0.69, respectively.
Figure 2 presents the scores and standard errors across
time and groups.

Discussion

In this study, we examined whether a short intervention
implementing a digital spelling game promoted chil-
dren’s early literacy-related skills, controlling for their
oral language and visual perception skills. Following the
dual-coding theory (Paivio, 1979, 2013), we studied the
effectiveness of auditory and auditory+visual supports.
The results showed that the support provided in the
game was beneficial when children were practicing early
spelling. The groups that received support (auditory and
auditory+visual) scored significantly higher in the post-
test than the group that played the spelling game with
no support and the comparison group (watched narra-
tive e-books) in letter knowledge, phonological aware-
ness, and word spelling, with high effect sizes. The group
that played with no support differed from the compari-
son group only in letter knowledge. Although the group
that played with both auditory and visual support scored
higher than the other groups on all measures, we found
a statistically significant effect for the addition of visual
support only for word decoding.

The spelling game was developed to promote under-
standing of the writing system for children at the partial
alphabetic phase (Ehri, 2002). During this phase, chil-
dren learn the relevant letter-sound connections, and in
our game, we opted to support this learning in a fun
way. Our game can be included in preschool as a game
that children can play during their free time. In our
study, the children played only twice a week for 20 min-
utes. We suggest that brief digital literacy games can add
to children’s everyday activities with real-life literacy
material within preschool.
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Impact of the Spelling Game:
Contribution to Early
Literacy-Related Skills

This study’s results demonstrate the benefits of practic-
ing spelling with preschoolers. Over the course of one
montbh, children who played the game with support im-
proved significantly on all the evaluated skills. In con-
trast, the comparison group that watched e-books did
not improve significantly. Looking at each of the early
literacy-related skills that were measured presents a rich
picture.

Letter Knowledge

Children in the three intervention groups scored signifi-
cantly higher on letter knowledge on the posttest com-
pared with children in the comparison group. This is the
only measure on which children in the no-support group
progressed significantly from pretest to posttest, and
there were no differences between the three intervention
groups on the posttest scores. Children in each of the
groups that played the spelling game heard the name of
the letter when pressing one of the presented letters (letter
naming specific to auditory support). We suggest that the
absence of differences between the intervention groups’
posttest scores indicates that tapping on a letter while si-
multaneously hearing the letter’s name helped the chil-
dren acquire letter knowledge. Previous studies found
that knowing the letter name can help children learn a let-
ter’s sound (Share, 2004) and that the difficulty of learn-
ing letter names is similar to the difficulty of learning
letter sounds (Ellefson, Treiman, & Kessler, 2009; Levin
et al., 2006). The present study indicates that hearing the
names of letters while looking at them can effectively pro-
mote letter knowledge (relating letters’ sounds to their
names and shape). Children in the comparison group
that watched e-books and did not interact with letters did
not score significantly higher on the posttest.

Phonological Awareness

The groups that heard the words segmented scored sig-
nificantly higher on the posttest than did the no-support
and comparison groups (no statistically significant dif-
ference between the latter two groups) when segment-
ing words. This seems to indicate that children need
auditory help in order to advance in their ability to seg-
ment words for spelling. Phonological awareness at the
level of segmenting into syllables develops naturally
prior to formally learning how to read (Reese et al.,
2015). The present results support the view that phono-
logical awareness at a higher level, which permits identi-
fication and separation of CV-C into CV and C, is less
natural and develops with training and practice (Share
& Blum, 2005).

246 | Reading Research Quarterly, 55(2)

Word Spelling

The present study supports the practice of segmenting
words into CV-C combinations for supporting chil-
dren’s Hebrew spelling. Playing a spelling game without
support did not promote spelling skills. Previous stud-
ies also showed that writing on paper without support
did not promote young childrens spelling progress
(Chambers, Cheung, & Slavin, 2016; Kegel & Bus, 2012;
Levin & Aram, 2013). Similarly, Neumann (2018) found
that mothers who wrote with their children at home
helped the children progress only when writing was
accompanied by meaningful feedback. Our study dem-
onstrates the benefits of digital support for spelling
development.

Word Decoding

Children playing the game did not practice word decod-
ing at all. Nonetheless, the group playing the spelling
game with auditory+visual support scored significantly
higher on the word decoding posttest than the compari-
son group did. It is important to note that the visual sup-
port in our game (seeing the highlighted position of the
letters) was less prominent than the auditory support
(segmentation of the word into its CV-Cs). Still, this
small addition was statistically significant to the chil-
dren’s word decoding. Decoding Hebrew without dia-
critics is challenging because there are few vowels. In
line with the dual-coding theory (Paivio, 2013), it seems
that the visual addition focused the children’s attention
and that their decoding progressed only when they re-
ceived auditory and visual support together.

There is some evidence that interventions that focus
on phonology (Reese et al., 2015) or letter knowledge
(Foulin, 2005) promote early literacy-related skills (read-
ing and writing). Neumann et al. (2013) also found a
connection between practicing writing in early child-
hood and reading development. In Israel, Elimelech et al.
(in press) found that parents who learned how to support
their young children’ spelling and engaged in writing ac-
tivities with them promoted the children’s reading level.
The current study’s findings strengthen this line of re-
search, showing the effects of practicing spelling with
digital support on word decoding.

What Digital Support Is Effective?

Overall, auditory support according to the specific or-
thography (in our case, Hebrew) during spelling was the
most important support for promoting a range of chil-
dren’s early literacy-related skills (letter knowledge,
phonological awareness, word spelling, and decoding).
Giving children phonological information regarding the
segments to be written helps them understand the prin-
ciples of the writing system (Levin & Aram, 2013). The
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current results support the National Early Literacy
Panel’s (2008) report on the centrality of practicing pho-
nological awareness.

Regarding the dual-coding theory (Paivio, 1979,
2013), we did not find a statistically significant advan-
tage for adding visual support (i.e., highlighting letters
or their location) to the auditory support across skills.
However, our results suggest that visual support may be
helpful, so we encourage further research on the benefit
of dual digital support for promoting early literacy skills.
The visual addition was rather small, and our study was
short. It is possible that more practice would have
strengthened the advantages of the visual addition.
There is some evidence that visual support is beneficial
in promoting children’s performance in other areas. For
example, Sigrist, Rauter, Riener, and Wolf (2013) exam-
ined the contribution of visual feedback and auditory
feedback in learning a motor skill and found that the
combined feedback was the most effective.

The children’s scores on the posttest were in accor-
dance with the type of support they received from our
game. Children in the no-support group received infor-
mation only regarding letter name (when pressing a let-
ter, they heard its name), and their posttest scores in
letter knowledge were significantly higher than the
scores of the comparison group. The groups that received
more support on the spelling process (auditory-only and
auditory+visual) showed high scores in the posttest on
all evaluated literacy measures. Voogt and McKenney
(2007) also found that young children need guidance
when using a computer writing program (PictoPal) and
that using it with no support is not effective in promot-
ing their reading and writing. Our research shows the
contribution of a digital game in promoting early liter-
acy. We found that a computer support without adult in-
volvement can be effective. However, we regard this
game and similar games as an aid that adds to teachers’
ongoing playful literacy activities within preschools.

Study Limitations and

Educational Implications

Our sample was 4-6-year-old children from a low-SES
background who were enrolled in five preschools. The
intervention was short, lasting only one month (eight
sessions). We recommend examining the effectiveness of
the game with a larger sample of children of different
ages and SESs. It will be interesting to see whether
younger children can enjoy and learn from the game
and, similarly, whether first graders can also learn from it
and progress in their reading and writing skills. Also, the
most suitable statistical analysis for studying the benefits
of interventions within preschools is a multilevel analysis
that requires at least 10 classes. Only five preschools par-
ticipated in our study, and it is important to study the

benefits of the game within more preschools. There is
also room to follow children’s progress longitudinally
and evaluate their achievements after the intervention
and at the beginning and end of first grade. Do the gains
made from the game remain? Unfortunately, we could
not do this because of lack of resources. Beyond this, the
children in the present study played the game only eight
times. It is interesting to investigate whether they would
continue to progress if they played the game for a longer
period: Will the group that played with auditory and vi-
sual support advance significantly? We did not find that
the visual support added significantly to children’s un-
derstanding of the written system beyond the contribu-
tion of the auditory support. Nonetheless, the high raw
scores of the group that received both supports calls for
further investigation of the unique contribution of each
of these routes and the benefits of their combination in
children’s literacy learning.

Our game and other similar orthographic-specific
games can add to teachers’ activities and guidance. In
preschool classes, where teachers have much to do and
little time to attend to children individually, or when
children just need extra practice, children can work on
spelling independently and receive appropriate feed-
back. Furthermore, teachers can follow children’s activ-
ity logs and learn about their progress and their
difficulties. With this knowledge, teachers can support
children more precisely and efficiently by focusing on
issues in which the children need more explanations. At
the same time, teachers have to be aware of their respon-
sibilities and must be careful in using digital literacy
games. Teachers have to make sure that the games add
to their own literacy activities with the children and do
not replace them. Teachers also have to monitor the
time children spend playing digital literacy games, and
see that they are developmentally appropriate.

In conclusion, the study showed the strength of a
short, focused intervention on the promotion of early
literacy skills among children from a low SES, prior to
school entry. A spelling computer game with effective
support (auditory or auditory+visual support) can foster
a range of preschoolers’ early literacy-related skills.
Digital devices can provide this support, and children
can play and progress without the need for an adult’s
support. Learning from a computer saves time and re-
sources, and children can progress independently ac-
cording to their literacy level.

NOTE

The authors extend their thanks to Tuval Biran and Boaz Sapir for
their assistance in programming the game.
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