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Abstract: We investigated a technology-based tool for teaching English letter-sound correspondences
with bilingual children learning phonologically and typologically distant languages: English and Chi-
nese. We expect that learning about print at the phoneme level may be particularly challenging, given
children’s experience with the morphosyllabic language of Chinese. This randomized-controlled
study with 90 kindergarteners examined the effects of an iPad-based supplementary reading program
compared with a control condition. The See Word Reading® program utilized picture-embedded cues
for teaching phonics within lessons directed at the letter, word, and text levels. Measures of decoding,
word reading, and spelling were taken at the pretest, posttest, and follow-up for both groups. Results
showed better gains in word reading for the reading group, indicating the positive impact of this
supplementary reading tool. Further, data collected online from the app showed that different types
of letter-sound pairings were more challenging to learn, including pairings that are inconsistent and
with phonemes that are specific to English.
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1. Introduction

Language and literacy skills are essential to learning in school and for communication
in general. Written language exposes children to a wider and deeper vocabulary than
speech alone [1], so preparing children to become independent readers should further hone
their language skills. The strongest early predictors of literacy attainment for English in-
clude alphabetic knowledge (names and sounds of printed letters) along with phonological
awareness [2], and the most effective educational approaches include a phonics compo-
nent [3–5]. Phonics, or teaching early literacy skills using letterforms paired with sounds, is
more effective than purely auditory-based phonological training without letterforms [6–9].
This may be particularly true in the case where English is not the only or first language for
the child. As August and Shanahan [10] concluded in their US national review, “young
Spanish-speaking students learning to read in English might make the best progress when
given more work with particular phonemes and combinations of phonemes in English that
do not exist in their home language” (p. 3). The principle of instruction underscored in this
review conclusion, however, has been rarely tested on young bilingual learners of English.
The current paper aims to address this gap, focusing on early English reading acquisition
for young bilingual children from Chinese language backgrounds, a language typologically
and phonemically distant from English.

To give “more work” or practice with phonemes, we employ technology-based ap-
plications for teaching letter-sound correspondence (phonics) to beginning readers in
kindergarten called See Word Reading® [11,12]. Increasingly, digital technologies are used
in classrooms [13], and this is encouraged when based on established learning principles
that support specific learning goals [14,15], including literacy goals [16]. Technology-based
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applications offer novel affordances to traditional print methods, such as embedded scaf-
folding, extended practice, and response-contingent feedback, in addition to increased
student engagement. An embedded scaffolding approach was found effective for teaching
emergent reading skills within e-books for preschoolers [17,18] and L2 learners in kinder-
garten [19]. The use of touchscreen devices such as iPads has been applied successfully to
kindergarten literacy practice [20,21]. The current study utilizes a touchscreen app with
digital text and embedded cues for training letter-sound correspondences referred to as
embedded picture mnemonics in earlier studies [22].

1.1. Letter-Embedded Picture Mnemonics

Even though the importance of learning letter sounds is confirmed with research [23],
the way in which the relations between the visual and phonological representations should
be learned is less clear. Techniques where picture cues are integrated with letter forms are
effective for teaching letter sounds. The use of picture cues follows from the general finding
that memory for images is better than for language [24]. An earlier study by Ehri, Deffner,
and Wilce [25] showed that constructing letters with embedded pictures of an object whose
name begins with the letter’s sound and whose shape resembles the letter yielded an
effective mnemonic technique for linking the letter’s shape and phoneme in memory. For
example, ‘s’ was embedded with a drawing of a snake, where the pictured object shared
the initial sound with the letter’s sound (/s/). The technique was more successful for
children’s learning of grapheme-phoneme correspondences than practice without pictures.
In a short-term training program (6 days teaching 5 letter-sound pairs), the authors showed
that integration of the picture cue with the letter form was key: children taught with
integrated picture cues learned more than children taught with un-integrated pictures
of the same objects or with no pictures, obtaining higher post-test scores on letter-sound
identification and letter writing. This approach was also found effective with typically
developing, at-risk, and special education students [26–29].

De Graaff et al. [30] utilized the picture-embedded cue technique for teaching kinder-
garteners’ letter-sound correspondences by implementing mnemonic training sessions
on a computer display. In their study, they demonstrated the importance of removing
the cue and making the isolated letter shape salient by using a procedure where the in-
tegrated pictures gradually faded out over trials. Kindergarten children trained in their
short-term training (12 letters over a 2-week period) with the fading procedure had better
letter-to-sound recall (at immediate and 4-week follow-up points) compared to those in
integrated-picture and no-picture conditions.

Shmidman and Ehri [31] extended this work using picture-embedded mnemonics to
teach Hebrew grapheme-phoneme correspondence to English monolinguals (5-year-olds).
A group trained with integrated-picture cues was compared to a group trained with un-
integrated picture cues. Mastery of trained letter sounds was more efficient (took fewer
trials) in their integrated-picture cue condition, and better accuracy was maintained after a
week follow-up. Better performance by the integrated-picture cue group was also extended
to word reading and spelling of simple English words spelled phonetically with Hebrew
letters. Sener and Belfiore [32] found positive effects of embedded picture mnemonics for
Turkish students who were struggling English learners. Manalo, Uesaka, and Sekiani [33]
also found that Japanese-speaking children benefitted from integrated mnemonic images
for learning English letter sounds. In their study, they utilized pictures of Japanese words
to cue the children to the letter sounds and suggested this method could be applied in other
contexts with similar challenges to developing second-language alphabetic knowledge.

The findings reviewed above have confirmed that picture-embedded methods can be
particularly effective for teaching early English literacy. As Ehri [22] summarizes,
“Embedded picture mnemonics offer an effective way to teach grapheme-phoneme relations
to beginners, especially children having letter learning difficulties. Embedded mnemonics
can be used to teach harder-to-learn correspondences such as the short vowels sounds of
A, E, I, O, and U; the consonants W, Y, and H; and the hard sounds for C /k/, and G /g/,
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all letters whose names do not contain their sounds. Also embedded mnemonics can be
devised to teach letter-sound correspondences to students learning a foreign language . . . ”
(pp. 13–14).

Despite these potential instructional benefits, studies that utilized this type of method
for teaching bilingual children, as opposed to monolingual English-speaking children, are
very limited. To this end, the present study aimed to test the effectiveness of a platform we
developed based on picture-embedded methods, esp. the earlier work by Ehri et al. [25],
for promoting early literacy skills. We focused on Chinese-speaking bilingual learners of
English, because the cross-language differences between Chinese and English, as described
in the section below, made this group of children a particularly interesting case for testing
how picture embedding methods may be effective for bilingual children.

1.2. Cross-Language Differences Related to Learning to Read

A significant proportion of children worldwide learn to read for the first time in an
additional or non-dominant language [34]. This situation may present unique challenges,
which technological tools can help to mitigate, among other pedagogical strategies, and
address learning gaps among these children [35–37]. Two key challenges that we highlight
in this study include, (1) the regularity or depth with which print precisely specifies the
oral language, and (2) differences across languages in terms of the speech sounds that print
represents. Chinese, the home language of children in the current study, is (1) typologically
and (2) phonemically distant from English and therefore encompasses these two key
challenges, as explained next.

First, with regard to the typological challenge, languages differ with regard to the
regularity and consistency with which print codes the oral language. Languages that have
consistent letter-to-sound mapping are referred to as transparent or shallow orthographies,
whereas those with inconsistent mappings are referred to as more opaque or deep orthogra-
phies. Across alphabetic languages this orthographic depth has proven to be an important
variable in the learning rate for beginning readers, with opaque languages taking longer
to learn as they are more challenging [38]. English is considered a deep, opaque orthog-
raphy because it contains inconsistencies in letter-sound mappings, otherwise known as
grapheme-to-phoneme correspondence (GPC). This means that printed graphemes can be
pronounced in multiple ways (‘a’ as in CAT or ANGEL), and also that phonemes may be
spelled in multiple ways (/ā/ can be spelled as ‘a’, ‘a-e’, ‘ai’ or ‘ay’); these inconsistencies
are a challenge in learning to read, and they are found to affect naming and lexical decision
times in both beginning and skilled readers [39–42].

Acquiring reading in English for bilingual learners may be difficult because of dif-
ferences in the way that writing systems represent oral language. Writing systems differ
in the “grain size” at which oral language is encoded: at the phoneme, syllable, or word
levels [43], as well as the level of suprasegmental features such as stress or tone. Learning
to read amplifies awareness at the level optimized by the writing system. While alpha-
betic languages code at the phoneme level and follow rules of GPC, Chinese script is
morphosyllabic, in that character units code for syllables and are linked with meaning
more so than sound representations. Following the larger grain size of Chinese, studies
found that it is at the syllabic level and the level of larger sub-syllabic units of onset and
rime that phonological awareness contributes to learning to read in Chinese [44–47], as
well as for Chinese-English bilinguals learning to read in English [48]. This marks a clear
contrast to English reading acquisition, where phonemic awareness has been found to
play an essential role. Learning English as a second language (ESL) showed a positive
effect of rime- and onset-rime awareness on English word reading by Chinese-speaking
children (e.g., [49]). This suggests ESL children’s approach to reading English differs in the
relevant grain size, as shown in earlier studies where ESL learners from Chinese-speaking
backgrounds were less skillful in using phonological strategies to read English words than
proficiency-matched English L1 counterparts (e.g., [50,51]).
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Second, with regard to the phonemic challenge, oral language can shape children’s
developing level of phonological awareness, a key contributor to reading acquisition across
languages. For example, exposure to the Czech language, with its complex word onsets
with many consonant clusters and blends, was related to a superior ability in segmenting
sounds (phonemes) within consonant clusters by Czech-speaking children compared with
English-speaking children [52]. On the other hand, exposure to the Chinese language was
related to Chinese-speaking children’s poorer subsyllable awareness at the onset, rime, and
coda level as compared to English-speaking children [53]. Chinese has a simpler syllable
structure than English, because consonant-vowel-consonant (e.g., /man/慢 slow) and open
consonant-vowel (e.g., /wu/五 five) syllables predominate, and there are no consonant
clusters [54], making syllable boundaries more salient in Chinese. A number of studies
report that monolingual Chinese speakers have stronger syllable awareness compared with
phoneme awareness [55,56], and protracted development of subsyllable awareness [44,53].
The same holds true for bilinguals whose first language (L1) is Chinese [57].

In addition to difficulty acquiring phonemic sensitivity, another challenge lies in
phonemic differences across languages. Certain English phonemes are not expressed
in Chinese, including /v/ (as in van), /z/ (zoo), /S/ (shoe), /Z/ (vision), /tS/ (chain),
/dZ/ (jam), /θ/ (thin), // (this) for Mandarin. Thus, whereas Cantonese-speaking [58]
and Mandarin-speaking [59] kindergarten children were found to be as good as English-
speaking children in their performance with phonemes common to both Chinese and
English (/p/ and /f/), they had more difficulty with spelling phonemes unique to English
(/S/ and /θ/, and /v/ and /b/, respectively).

Based on the aforementioned cross-linguistic variations between English and Chinese,
we expect that learning to read in English would be challenging for Chinese-English
bilingual children because of the general difficulty in acquiring awareness at the level of the
phoneme; and the challenge could be particularly salient for phonemes unique to English.
While it is important that explicit instructional attention is given to the phonemic system of
English and how phonemes are encoded in print for English-speaking children [5,36], it
may be more so for bilingual learners with a Chinese language background.

1.3. The Current Study

Technology-based approaches to teaching letter-sound correspondence can offer addi-
tional features to traditional teaching methods. However, there is not much research using
experimental designs to examine the effectiveness of such programs, and little research
has been conducted on children from bilingual backgrounds, although a handful of stud-
ies examined second language learning [19,31–33]. The focus of the current paper is on
increasing early English literacy skills with the support of modern technology for young
bilingual children from predominantly Chinese language backgrounds.

We utilize a picture-embedded “mnemonic” technique to teach English letter-sound
correspondences (phonics) to beginning readers in kindergarten and extend previous
research in several ways. First, the presentation of the mnemonic cues was dynamic,
and children could interact with the digital text. For example, as shown in Figure 1,
when a child sees the letter “p” on the device screen, they can touch it and then view a
series of photographic images that begin with the /p/ sound, such as peach, peapod, and
penguin, superimposed on the letter, while hearing the name of each picture to emphasize
the similar first sound. Each superimposed image follows the graphic and interactive
communication design principles of distinctiveness, visibility, usability, memorability,
universality, durability, and timelessness [60]. At the end of the sequence, the final bare
form of the grapheme is similar to the fading out procedure of de Graaff et al. [30]. The
premise is that after training, the letter then works as a visual trigger for recalling the
images associated with it—images that cue the learner to its letter sound.
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Figure 1. Example of digital text in See Word Reading® tool. Embedded picture cues are shown
superimposed on the letter form in sequence after the letter is touched. The cues are used as a
mnemonic device to help children remember the sound represented by the letter.

The second way we extend the previous research is that we include the letter fonts in
activities that contextualize the letters into printed words and connected story texts within
the same lesson. This was to draw children’s attention to how letter sounds correspond to
words and text in order to facilitate the transition from phonics learning to decoding words.

Third, we use more extensive training than the earlier studies, with a longer training
period (14 weeks) covering a larger set of items trained (45 grapheme-phoneme pairings).
We also examine outcomes over a longer time period.

Finally, we examine the use of this method for teaching English phonics to bilingual
children coming from primarily Chinese-speaking families. For the reasons noted above, it
was expected that children whose primary experience is with a morphosyllabic language
would have particular challenges acquiring the phoneme-level grain size necessary for
phonics learning and decoding. Therefore, we predicted that the current iPad app would
be particularly beneficial for these children by helping to make the grapheme-phoneme
pairings more explicit with the use of picture-embedded memory cues.

The current study addressed the following research questions:

1. Does a technology-based phonics teaching tool used as a supplement to classroom
instruction impact the progress of bilingual kindergarteners’ English decoding, word
reading and encoding?

2. Are certain grapheme-phoneme pairs more difficult to learn for children due to the
influence of their native language background?

2. Method
2.1. Design

We chose to use a randomized controlled design, in which small groups of children
within the same classrooms or kindergarten centers with the same classroom teacher were
assigned to conditions of either a reading intervention in addition to their classroom literacy
instruction or a business-as-usual control condition with classroom instruction alone. To
control for the novelty of using iPads in small group instruction, the business-as-usual
group engaged with the teacher in small group instruction using apps on the iPads focused
on a Big Math for Little Kids curriculum (see below), similar to the types of control groups
used in previously published literacy intervention studies [61,62]. Thus, we investigated
the effects of the iPad-based reading program (See Word Reading®) using a methodological
design controlling for novelty effects of using iPads and spending class time in small
groups, because both the reading intervention and control groups spent the same amount
of time meeting in small groups to use iPad-based applications, with equal amounts of
time with direct instruction/modeling from the small-group teacher and equal duration of
the activities.
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All children in the study participated in their regular kindergarten-2 classroom in-
struction on English language and literacy, which was administered during their classroom
scheduled learning centers’ time. Thus, all children participated in classroom instruction
in English literacy that included daily 35-min lessons with whole-class story reading and
commercial phonics programs, such as Jolly Phonics. The lessons did not utilize technology,
as reported by principals and observed in the classroom during assessment phases. All
children also participated in their classrooms’ daily 40-min lessons in Chinese, which
included both oracy instruction and the introduction of printed characters. Therefore, the
intervention program is supplementary to regular classroom instruction, and the contrast
between the experimental and control conditions (see Section 2.4) is thus a contrast between
the supplementary app-based phonics program, and classroom instruction alone with a
control for the novelty effects of working in small groups with tablets.

Prior to the intervention phase, baseline measures were taken during the final term
of the school year when children were in first-year kindergarten (refer to Table 1); these
measures included a parent-report language background questionnaire, and child measures
of non-verbal reasoning, receptive vocabulary, and word reading (see Section 2.3). When
children entered their second-year kindergarten (at 5 years old), they were formed into
small groups (4–5), and the groups within schools were randomly assigned to experimental
conditions. Children then completed the pretest measures, the small group intervention,
the post-test measures, and the follow-up measures (see Section 2.3).

Table 1. Phases of the intervention study.

Baseline (K1)
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2.2. Participants

Ninety children from 5 kindergarten centers in Singapore participated in the inter-
vention study. Forty-eight were girls, and the overall mean age was 5.53 years (SD = 0.3).
Of the sample, 48 were in the experimental group and 42 in the control group, and the
groups were similar in terms of the percentage of males and females (46 and 54% for the
experimental group and 48 and 52% for the control group).

The context for this study, Singapore, is a multilingual country in Southeast Asia with
four official languages, including English and the three ethnic languages of the three major
ethnic groups (i.e., Malay, and Indian in addition to Chinese). Singapore adopts a bilingual
education system in which English is the medium of school instruction, and all children
are required to learn English and their respective ethnic language concurrently. While a
significant shift in home language use from ethnic language to English has been observed,
many Chinese families still use Chinese as their dominant home language or use both
Chinese and English at home [63], and children are exposed to early language and literacy
in Chinese within the kindergarten classroom.

The kindergarten centers for this study were selected from primarily ethnic Chinese
neighborhoods with similar socio-economic levels, and with a sufficient number of children
meeting the selection criterion based on parent reports. The initial selection criterion in-
cluded those children whose family spoke mostly Mandarin with them, or spoke Mandarin
and English equally, based on the person they spent the most time with (reported as mother,
father, or grandparent, etc.). Almost half of the children (46%) spent the most time with their
mothers, while about a quarter of them (24%) spent the most time with their grandparents.
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Of the final group of participants, 68% heard and spoke mostly Chinese to the person with
whom they spent the most time, while an additional 20% used both Chinese and English
equally. This pattern was consistent across the experimental and control groups (with 65%
vs. 64% mostly Chinese use, and 19% vs. 14% mixed Chinese and English, respectively).

2.3. Measures

A parent-report survey was given at baseline (when children were finishing their
first year of kindergarten). At this same time, a set of Baseline tests were administered
to all children to assess their initial oral language and cognitive ability. Upon entry into
kindergarten 2, when children were between 5 and 6 years of age, another set of literacy
measures was administered along with measures of phonological awareness (Pretest). The
literacy measures were re-administered after the reading intervention (Posttest) and at
5 months Follow-up (see Table 1). Cognitive and phonological awareness scores were used
as covariates in the analyses, while the other measures were used descriptively.

2.3.1. Baseline Measures

General Cognitive Ability was assessed with the Raven’s Colored Progressive Matrices
test of non-verbal intelligence ([64], split-half reliability = 0.97). Standardized scores were
calculated, because it was expected that differences from the normative sample would be
minimal, given the non-verbal nature of the task.

Receptive Vocabulary was assessed in both English and Mandarin. The Peabody Picture
Vocabulary Test (PPVT-IV [65], internal consistency = 0.97) was administered for English,
and the Bilingual Language Assessment Battery (BLAB [66], reliability = 0.81) was admin-
istered for Mandarin. The BLAB is a locally developed measure that has been used in
multiple published studies of kindergarteners in Singapore. Both vocabulary tests follow
the same format, where children point to one of four pictures that correspond to a spoken
word. All items from 1 to 72 were administered, and the number correct was scored for
each language.

Word Reading was assessed with the sight word subtest of the Test of Word Reading
Efficiency (TOWRE-2 [67], test-retest reliability = 0.97). The task is to read aloud as many
words from a list as possible during a 45 s period. Two trials were given, and the average
of correctly read words was taken across the trials.

2.3.2. Pretest Measures

The following measures of English literacy were given prior to the interventions.
Phonological awareness was assessed in English using the Comprehensive Test of Phono-

logical Processing elision and sound matching (CTOPP-2 [68], internal consistencies = 0.91
and 0.93, respectively). Scores were tallied per subtest, and an overall total correct score
was used as an indicator of phonological awareness and a covariate.

Rapid symbol naming was assessed in English with the RAN/RAS letters subtest ([69],
test-retest reliability = 0.90). The time to complete naming all items is reported (sec).

2.3.3. Repeated Measures

Word Reading was again assessed with the sight word subtest of the TOWRE-2 [69]
three more times after baseline.

Decoding skill was assessed three times with the word attack subtest of the Woodcock-
Johnson III Tests of Achievement (WJIII [70], test-retest reliability = 0.87). This task involves
reading nonwords aloud and is scored for accuracy in terms of number of correct responses.

Spelling (or encoding) was assessed three times with the primary spelling inventory
in Words Their Way [71]. The task involves spelling dictated CVC and CCVC words, and
spellings are scored based on the number of features written correctly—for example, initial
and final letters, and short and long vowels. Children in kindergarten (around 5 years of
age) begin to use the alphabetic principle to spell, beginning with consonants, followed by
medial vowels [71]. Therefore, children could earn points by representing single letters,
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or partial spellings associated with the word. The total features score across all the items
(total possible points = 74) was entered into group comparison analyses.

2.3.4. Lesson-by-Lesson Performance

A separate set of data was collected through the iPad app during the lesson activities;
these data differed from the pre- and post-test measures and were more specifically tied
to the items and performance during the learning activities as opposed to a more general
summative test. This included the time it took children to trace the given letter (from Level
1); the accuracy with which they could spell a dictated word (from Level 2); and their search
times for graphemes within a story that corresponded to a said phoneme (from Level 3).
Tracing time was the total time to accurately trace the letter shape, in seconds. For the
spelling task, accuracy was used because we did not record response time. Accuracy was
the number of graphemes spelled correctly within the given word. Words in the lessons
were either CVC, CVCV or CVCC structures. For the story search task, search time was the
time, in seconds, to find each instance of a target grapheme (total time/correct responses).

2.4. Intervention

Small groups of 4–5 children within each of the kindergarten centers were randomly
assigned to conditions with iPad-based interventions: (1) the “experimental reading” con-
dition, which received the phonics intervention + classroom phonics, or (2) the “control”
condition, which received the iPad control sessions + classroom phonics. Both the experi-
mental and control groups received 12 weeks of small group instruction, 90 min per week,
led by a research teacher. There were 2 additional weeks dedicated to introductions and
warm-up activities at the beginning of the program, and a week for review and catch-up
after the between-term break, bringing the total to 14 weeks of instruction. Each child had
an iPad and headphones with which to perform the lesson’s activities, but each lesson
began with the research teacher preteaching, demonstrating and modeling the lesson.

2.4.1. Experimental Condition: Phonics Intervention and classroom phonics

The See Word Reading® app [21] was used for the phonics lessons. This app was
developed through a user-centered design process for L1 learners, with several prototypes
made between the developer and a classroom teacher, followed by an interdisciplinary team
of a literacy specialist, an educational psychologist, and two communication designers that
rooted the tool in educational theory and methodology [21]. This team took the prototype
and developed a tool that visualizes the 44 sounds of the English language and that
works around a framework of the reading curriculum aligning with US National Reading
Standards. The tool was then user-tested and revised, then implemented in after-school
programs within urban schools in the US, and found to have a positive impact on children’s
learning. The version used for the current study was further adapted by screening and
revising the picture cues to be relevant to the local context.

The iPad tool uses a picture-supported first-sound mnemonic device [22,30] that pairs
letter forms with pictures whose name contains the letter sound. Each lesson consisted
of activities at 3 levels (10 min per level). Instructions at each level were given through
the app, and children used headphones to listen. The research teacher also provided some
additional information before the children worked through the iPad-based lesson, such as
previewing the names of the imaged objects, word family rime patterns, and vocabulary
words for the stories. During each phase of the lesson, children had access to the image
cues for that lesson’s phonemes with the touch screen device.

The children interact with the multisensory font that, when traced properly on the
touch screen, presents a series of embedded images per letter/grapheme to serve as first-
sound cues. The font is delivered inside the experiential tablet-based learning tool that
consists of three levels: Letter-sound Correspondence, Word Building, and Storybook levels.
Each level records student audio and kinesthetic interactions. Within the Letter-Sound
Correspondence level, readers are introduced to individual letters and visual cues that
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are paired with them to aid in remembering their sound correspondences. Students are
presented with the letter “p”, for instance, and first, trace the letterform with their fingers
in the direction they have been taught to write. Upon successful tracing, the tool initiates
a series of photographic images that begin with the letter’s sound. For example, tracing
the letter “p” initiates a sequence of images that appear embedded in the letterform, from
peapod, peach, and peppermint, before the image resumes to the letterform alone. Naming
the images aloud cues readers to hear the common initial sound of the objects displayed
(or the medial sound for some vowels). Readers are then prompted to answer questions
about the letter, including its name, corresponding sound and a word that begins with that
sound. All trace times and audio responses are recorded to a database that teachers can
access to help pinpoint problem areas, that then they can go back and work with the child
to improve their issues.

Additionally, the audio recording also serves as immediate feedback or self-evaluation
to the children so that they can hear their recordings and choose to re-record if they do
not think they spoke it correctly. Within the second level, Word Building-Word Family,
readers begin to make words that utilize the sounds they are learning in the Letter-sound
Correspondence level. A word rhyme pattern (“an”) appears with a blank at the beginning,
and students can select and drag a letter tile from the bottom of the screen to the word
onset to fill in the blank and make a word. Choosing a letter that does not make a word
results in the letter tile falling back down to the letter tile bank at the bottom of the screen.
If they cannot recall the sound that belongs to a letter and/or letter pairs, they can tap the
letters to dynamically initiate the visual cues. Once a new word has been built, readers
are prompted to verbally record themselves reading the word, and the verbal recording is
played back for the child to hear and sent to a database that teachers can access later. After
this, the Word Building-Spelling activity is given, where the child hears a dictated word,
and they have to drag letter tiles into the blank spaces to spell the whole word.

Within the third Storybook level, a story is read to the students and the print is
highlighted word by word as the children follow along with the reading. After the short
story is read, children are prompted to find and touch letter(s) corresponding to a spoken
phoneme. The letters here are dynamic, and if the correct letter/graphemes are touched, the
hidden cues associated with the letter/graphemes re-appear to reinforce the sound/letter
correspondences (see Figure 2).
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2.4.2. Control Condition: Classroom phonics only

This condition served as a classroom-instruction-alone comparison to the experimental
group while ensuring control for the novelty effects of working in small groups with tablets.
As with the experimental group, the control group participated in small group instruction
led by a research teacher for the same amount of time (90 min per week for 14 weeks of
instruction = 21 h of instruction), where each child used an iPad equipped with headphones.
The small-group teacher introduced concepts verbally and modeled how to play the app
activities. The amount of direct instruction and modeling from the group teacher was
equivalent to that in the experimental condition and included verbal directions in English,
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such as, “Drag the frog with the numbers to the number line where it belongs. If you drag
the wrong number, the number will not be accepted into the number line and the frog will
remain in the wrong place. If you drag it to the correct place, the frog will turn into a green
circle in the number line”. As students engaged with the app, the teacher guided them and
offered verbal instructions as needed. Thus, children in this condition completed a series of
lessons using iPad applications chosen to develop their concepts of number, shape, pattern,
logic, measurement, or space; these activities were structured and focused on developing
concepts following Big Math for Little Kids [72]. Their program is based on playful activities
that focus on each of the concepts in a sequenced way. Publicly available iPad apps were
used to exercise children’s play with the concepts from week to week, such as Montessori
Math (L’Escapadou Apps), Math Zoom (Motion Math, Inc), and Play Lab123 (CJ Educations).
Skills are developed over the 12 weeks of lessons by providing more challenging levels and
tasks over time, following the premise of Greenes et al. [72] for revisiting ideas that are
introduced earlier on to enhance understanding and learning. This ensured their continued
engagement with the app-based activities throughout the intervention phase.

2.4.3. Instruction Fidelity

Observational ratings of instruction were conducted by two raters, at the beginning
and end of the intervention. A checklist was used for observing the following facets of
implementation: whole group vs. individual instruction time, time for student practice,
teacher support and reinforcement during practice, quality of student engagement, and
teacher responsiveness. The raters showed good agreement overall (Cohen’s kappa= 0.77,
considered to be in the substantial agreement range [73]). Given the non-normal distri-
butions of the ratings, comparisons were made with Kolmogorov-Smirnov independent
samples tests. No differences in any of the ratings were found between the research teachers.
There also were no significant differences observed between the experimental and control
conditions for the provision of the whole group compared with individual instruction
time, teacher vs. student-centeredness, and quality of student engagement and teacher
responsiveness. For both intervention conditions, the same amount of time was given for
direct instruction/modeling, and student practice on the iPads. Teacher logs also showed
no significant differences in median ratings between the control and experimental reading
intervention conditions with regard to student engagement, engagement of the activities,
effectiveness, and duration of the activities.

3. Results
3.1. Analytic Approach

To first ensure that the groups formed by random assignment were similar prior to
the intervention, group differences in potential confounding variables were checked with
between-group analyses of variance. ANOVAs were run for baseline measures of cognitive,
language and literacy measures, as well as parent-reported SES.

Following this, the first research question was addressed with mixed effects regression
models using the MIXED procedure in SPSS. Models were run for decoding, word reading,
and encoding outcomes, with a random variable of participants and fixed variables of
intervention condition and time. This tested the prediction that there would be an in-
teraction of conditions over time, such that the experimental group would show better
performance across the intervention period than the control group. Besides testing whether
this prediction was statistically significant, we also wanted to examine the size of any
significant effects. Thus, an effect size was calculated by subtracting the gain score of the
control group from that of the reading group and dividing this difference by the standard
deviation of the control group [74]. This was done for each of the three outcome variables.

To address the second research question, that particular grapheme-phoneme pairs
would be more challenging to learn, we examined data from the lesson-by-lesson perfor-
mance, involving the letter-level tracing time, word-level spelling, and text-level search
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time. Three types of graphemes were compared in repeated measures ANOVAs to see
whether they elicited differences in tracing time, spelling, and search time.

3.2. Descriptive Statistics

The average scores taken at baseline, as well as items from the parent survey, are
shown in Table 2 for the two experimental groups. (Sample size differences per measure are
due to child absences or missing data from the parent-report survey). One-way ANOVAs
showed that the groups (experimental and control) did not differ on any of these measures
prior to the intervention (all p’s > 0.61). This indicates that the groups were similar in
regard to SES, cognitive ability, and both English and Chinese vocabulary. Further, the
groups did not differ on the literacy, or phonological awareness measures taken at the
pretest (all p’s > 0.55); it is also notable that the children in both groups obtained similar
Chinese vocabulary scores as peers who are considered Chinese L1 speakers [57]. From the
parent reports, there was also no difference between the groups in the frequency of outside
tutoring in English reading or writing (F(1, 86) = 0.585, p = 0.45).

Table 2. Descriptive Statistics for Measures at Baseline.

Experimental Group Control Group

Baseline Measure n M SD n M SD

Mother’s Education 48 3.30 1.64 42 3.17 1.65
Living Quarters 47 3.53 1.33 40 3.65 1.93

Cognitive ability (Ravens CPM) 48 108.02 17.83 41 107.80 18.41
English Vocabulary (PPVT) 48 53.58 16.39 42 54.69 16.03
Chinese Vocabulary (BLAB) 48 34.96 10.38 42 34.26 10.02

English Word Reading (TOWRE) 44 8.61 12.37 34 7.09 13.54
Note. Raw scores are reported, except for Raven’s CPM, which are standard scores. Mother’s Education is
based on a scale from 1–5 (lower to higher degrees), and Living Quarters is based on a scale of 1–9 (less to
more expensive).

3.3. Differences across Randomized Groups

To account for the hierarchical nature of the data, with participants nested within small
treatment groups, and to handle missing data points, we used mixed effects models to
examine each of the dependent measures: word reading, decoding, and spelling. For each
measure, data across three time points (pretest, posttest, and follow-up) were submitted
to a mixed effect model with maximum likelihood estimation. Each model included a
fixed variable of condition (experimental vs. control group), and a random variable of
participants within small groups. Time (pretest, posttest, and follow-up) was entered as a
repeated measures factor, and cognitive ability and phonological awareness were entered
as covariates. For word reading, baseline scores on the TOWRE test were also covaried.

Time by condition effects were significant for each of the literacy measures, indicating
greater growth in the experimental group: for word reading F(6, 24.8) = 24.83, for decoding
F(5, 238.8) = 35.93, and for spelling F(5, 112.7) = 38.91 (all p’s < 0.01). Post hoc comparisons
(with Sidak adjustment for multiple comparisons) showed trends for group differences in
word reading and decoding measures at post-test (p’s = 0.07), with the experimental group
performing better. There was also a significant group difference in word reading at the
follow-up time point (p < 0.01) (see Figure 3).

To estimate the extent to which the technology-based tool affected the literacy gains
relative to the control group we calculated effect sizes for each of the outcome variables.
Medium effect sizes were found for decoding and word reading (d’s = 0.48 and 0.40,
respectively), and the effect remained for word reading at follow-up (d = 0.40), but the
effect size for spelling was small (d = 0.23).
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Figure 3. Mean performance on literacy measures by the reading intervention and control groups.
Word reading (TOWRE sight words), Decoding (WJIII word attack), and spelling (WTW) scores at
each time point. Total number correct are presented as raw scores for nonwords and words read, and
total number of correctly spelled features, respectively. Reading intervention group (orange lines)
and control group (blue lines) means are displayed, and differences in group means are indicated
with * (p < 0.01) and † (p < 0.10).
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3.4. Differences across Types of Graphemes

A closer examination of lesson-by-lesson performance was made using the data that
was collected through the iPad app during the lesson activities. Three types of data were
examined for different types of graphemes, including: those with consistent letter-sound
pairings (Consistent), those with more than one possible pronunciation (Inconsistent), and
letters representing phonemes unique to English compared with Chinese (English specific).
Examples of each of these three grapheme types are shown in Figure 4. The different
grapheme types were given throughout the intervention and did not appear in a given
sequence. That is, each type appeared in earlier as well as later lessons over the 14-week
period.
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Figure 4. Examples of three different types of graphemes. Across the training session, reading lessons
included training on different types of graphemes. Examples of consistently pronounced graphemes
are presented in the top row. The middle row shows examples of graphemes that can be pronounced
in more than one way, with different sets of picture cues given for each pronunciation. Examples of
phonemes represented in English but not in Chinese are presented in the bottom row.

Figure 5 shows plots of children’s performance on 3 tasks (at the letter, word level,
and text level) across the three types of graphemes. Within each grapheme type, children’s
median response times (in seconds) were calculated for tracing and story search, and the
proportions of correct responses were calculated for the spelling task; these data were
compared in repeated measures ANOVAs. The data showed that spelling and letter search
were affected by the types of graphemes being learned, F(2, 56) = 7.16, p < 0.01, and F(2, 60)
= 12.38, p < 0.01, respectively. Graphemes corresponding to more than one pronunciation or
specific to the English language were more challenging to learn for this group of children.
Spelling was less accurate for inconsistent graphemes (adjusted LSD contrast p’s <0.01),
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and letter search was faster with consistent graphemes than either English-specific ones
(p = 0.04) or inconsistent graphemes (p < 0.01). On the other hand, the tracing activity
(letter level of the program) showed no effect of grapheme type, F(2, 69) = 0.49, p = 0.56, as
would be expected since this was purely a motor skill; these findings highlight the use of
technology-based methods to gain online information about student performance during
learning activities.
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Figure 5. Performance on See Word activities for three types of graphemes. Average performance by
children in the reading intervention group on different activities. The top plot shows times for tracing
the letter (in seconds) in Level 1 of the See Word tool. The bottom left plot shows the proportion
of correctly spelled phonemes within the given word in Level 2. The bottom right plot shows the
time for searching for graphemes representing a given phoneme (median seconds per instance). Bars
represent average performance across grapheme types. Significant differences between conditions
are indicated with * (p < 0.01).

4. Discussion

We examined the effects of a technology-based tool, See Word Reading®, for teaching
early reading skills in English letter-sound correspondence to developing readers. Literacy
outcomes were generally positive, and the study made several novel contributions. This
study focused on young bilingual learners with a language background typologically differ-
ent from English, utilizing a randomized-controlled design and extended previous research
on mnemonic techniques for teaching phonics by using a technology-based platform.

The reading intervention for teaching phonics used in this study builds on and ex-
tends the previous work using picture-cue mnemonics for teaching letter-sound correspon-
dences [25,30,31]. We incorporated features found to be key to learning in the earlier set of
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results; including picture cues that are well-integrated with the letter forms and fading out
of the cues to make the bare letter form’s shape more salient, within each presentation of the
series of photographic image cues. We trained a more extensive set of grapheme-phoneme
pairings (45) over a longer training period (14 weeks), and each lesson included training of
the grapheme-phoneme pairings in isolation as well as in the context of words and text,
with the intent to draw children’s attention to how phonics is applied to decoding of words
and reading of the text. Our outcome measures focused on this aim by using general tests of
word reading and decoding rather than a limited set of trained items. Similar to Shmidman
and Ehri’s [31], we found that training effects extended to word reading performance.

By implementing the intervention on tablets, we were also able to incorporate other
features that have been found advantageous in technology-based educational applications.
Interactive features, for example, are a major difference between touchscreen devices
and paper-based platforms for learning. The activities within the See Word Reading® app
included multiple opportunities for children to interact with the content, including letter
tracing, dragging, and tapping to learn letter shapes, build words, and seek letters within
words. Children also interacted with voice-directed queries about the letters and words
that they were working with. Their responses to the questions were recorded and played
back to them, and they could re-record if they wished. Responding to questions was also
found to help children’s vocabulary learning within technology-based apps [75]. The use
of interactive and adaptive games was reported to improve learning for phonological
awareness, reading, and spelling by kindergarten-aged children in other studies using
iPod/iPad touch devices [76,77] and computers as well [78–80]. For their average learners,
Macaruso and Walker [79] reported an overall effect size comparable to the present study
(0.48), while larger gains were reported for their low-performing students. The effect size
for our literacy measures, comparing the reading group relative to the control group, was
in the medium range for decoding at post-test (d = 0.48), and for word reading at post- and
follow-up-test (d’s = 0.40). While such effects are generally considered moderate, in the
reading intervention literature, they compare favorably to findings for other interventions
considered effective (e.g., with effect sizes ranging from 0.13 to 0.23, [81,82]). The differential
effect for spelling was small (d = 0.23), however. This finding seems to be in line with the
well-known asymmetry between spelling and reading competence in that spelling is a
more challenging skill to acquire than reading [83]; it suggests that spelling may require
more direct instruction or focused practice with applying letter-sound knowledge to sound-
symbol encoding, as only some of the lessons included the spelling activity for words.

Other features unique to electronic device platforms for learning include a multimodal
presentation and timely feedback. The vivid photographic images flashed along with
auditory labelling of the image names in this app ensured consolidation of visual-aural
coupling, and spoken stories accompanied by highlighted read text ensured capturing of
children’s attention to the text. In a study with second-language learners in kindergarten,
Verhallen et al. [19] also found positive effects on story comprehension and vocabulary
when e-storybooks were presented with animated multimedia. Like some of these other
applications, See Word Reading® also contained feedback at each lesson level for children’s
performance: from accurate tracing that begins the lesson at level 1, to dropped incor-
rect letters in level 2, and progress stars for correct letters found in level 3. In addition,
technology-based applications can assist teachers by providing insights into the children’s
online performance, highlighting an advantage of technology for monitoring student
progress in an unobtrusive way.

In the current study, we focused on how See Word’s picture embedding methods
affected English literacy for bilingual children. This fills an important gap in the literature
because both the inconsistencies in English orthography and the children’s language back-
ground present challenges in learning to read English. The former factor was reflected in
the participants’ performance on the See Word reading activities during the lessons. For
example, when learning graphemes that could be pronounced more than one way, the
children in the reading intervention were less accurate in spelling words with these incon-



Educ. Sci. 2022, 12, 750 16 of 20

sistent graphemes; they also took longer to search within a story text for such graphemes
when asked to find letters that matched a given phoneme. The group performed better on
spelling and letter-searching activities across lessons when the learned graphemes were
consistent in their sound correspondence.

Regarding the bilingual children’s language background, they had extensive experi-
ence with both Chinese and English; they came from bilingual backgrounds where Chinese
was spoken most of the time or equally as often as English, and their Chinese vocabulary
scores were at a level commensurate with similarly aged bilinguals in prior research in
Singapore [57]. Furthermore, these children who are learning two scripts simultaneously
follow a Chinese language curriculum emphasizing holistic processing for character read-
ing; they are not introduced to the pinyin system for coding Chinese at the phoneme
level until primary school. Previous work has shown that while syllable level awareness
develops “naturally” from speech [84], instruction in pinyin gives an advantage for onset
and coda level phonological awareness (e.g., [85–87]); these factors may have rendered
the children in this study less sensitive to the phonemic level of processing necessary
for learning to read an alphabetic language. Indeed, their average phonological deletion
scores showed the expected advantage of syllable awareness (5.9 out of 9 or 66% correct)
compared with phoneme awareness (1.3 of 25, or 0.05% correct) (e.g., [55]).

The influence of the language background factor was also evident in children’s See
Word performance. For example, the children were slower when searching for grapheme
matches to phonemes that are unique to English versus Chinese. Given their exposure
to the Chinese language in the home, they may have less familiarity with phonemes that
are not expressed in Chinese, just as previous studies found that Chinese ESL and bilin-
gual kindergarteners had more difficulty spelling these phonemes [58,59]; these findings
perhaps suggest that additional methods would be necessary to augment See Word for ad-
dressing those learning challenges induced by intra-lingual complexities (i.e., irregularities
in letter-sound correspondences in English) and inter-lingual variations (i.e., phonemes
and phonological representations in English vs. in Chinese) for bilingual children.

5. Conclusions

Techniques with pictures embedded have been found to promote early literacy devel-
opment in English-speaking children by drawing their attention to letter-sound correspon-
dences. Limited intervention studies, however, have aimed to test how technological tools
utilizing these techniques could similarly promote literacy learning in young bilingual
children, particularly those whose ethnic language is typologically disparate from En-
glish. Chinese-English bilingual children, the focus of the present study, offered a valuable
opportunity to test the effectiveness of learning such technological tools as the See Word
Reading®, because of cross-linguistic variations between the two languages in phonemes
and phonological representations in print.

The findings of this study have enhanced current understandings about teaching En-
glish literacy to bilingual children, and children in general, using innovative technologies.
See Word Reading® was considered engaging, according to a student survey, and the tablet
format offers features distinct from other classroom activities: including more consistent
pronunciations of the target language than teachers might offer. The effects on word reading
performance support the contention that drawing attention to letter-sound correspondence
within word and text levels facilitates the transition from phonics to decoding. The present
results suggest that technology-based approaches to phonics, using digital text and em-
bedded cues, may help overcome obstacles to children’s learning. In multilingual societies
within which influences from different languages bear on conversation and talk [88,89],
such variations can be especially challenging for the teacher to accommodate for students’
effective learning of phonemes and phonics. In this respect, apps and activities such as
those of See Word Reading® may be particularly useful for supplementary learning purposes.

While the present results are promising, there are several limitations to the study.
Primarily, the study is limited to the activities tested in the design of the app. That is, even
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though the first 5–8 min per lesson of each group was spent with verbal instructions and
modeling with teacher self-talk on the activities for the day, the experimental group spent
time working specifically with graphemes and sounds, while the control group worked
with numerical and shape processes. Thus, working with apps that emphasize language,
in general, could be just as beneficial as working with GPC-based activities. However,
it is noted that the pre- and post-test measures utilized in this study were not directly
taught within the GPC lessons—rather, they were extensions of these lessons to word
reading, decoding, and spelling of an independent set of words that were predefined in the
standardized assessments. Thus, students transferred the trained knowledge and applied
this to new words. Further, we did not observe the effects of the intervention on spelling as
earlier findings did [31], and our effect on word reading, though significant, was not large,
although not uncommon for these types of intervention studies. This could be due to a
number of factors, including treatment intensity and the curriculum design, which would
require further study.
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