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ABSTRACT

In this experiment, we examined whether beginning readers benefit more
from grapheme-phoneme decoding (GPD) than from whole-syllable decod-
ing (WSD) instruction in learning to read and write words. Sixty Brazilian
Portuguese-speaking first graders (M age = 6 years 1 month) who knew letter
names but could not read or write words were randomly assigned to one of
three conditions. The GPD group was taught to decode 40 consonant-vowel
(CV) syllables by sounding out and blending grapheme-phoneme constituents
(combinations of 10 consonants and five vowels). The WSD group was taught
to decode the same CV syllables as whole graphosyllabic units. The indi-
vidual grapheme-phoneme (IGP) group was taught the same 15 grapheme-
phonemes as single units but no decoding. Groups were taught to a mastery
criterion. Results showed that GPD instruction was much more effective than
WSD and IGP instruction in enabling beginners to read CV syllables, multi-
syllabic words, and pseudowords; to learn to read words from memory; to
write words; and to segment and blend spoken words phonemically. Also,
GPD instruction facilitated phonological memory for spoken pseudowords.
Despite receiving much practice in reading whole CV syllables, the WSD group
learned few, if any, grapheme-phoneme subunits. Results support theories
that reading instruction is most effective when it begins by teaching students
to decode with small grapheme-phoneme units rather than with larger syllabic
units, even when syllables are salient spoken and written units in the writing
system.

words. These sounds include phonemes, onsets and rimes, and sylla-

bles. There is much evidence that phonological awareness helps begin-
ners learn to decode words across different alphabetic systems (Castles &
Coltheart, 2004; Duncan et al., 2013; Ehri, Nunes, Stahl, & Willows, 2001;
Rayner, Foorman, Perfetti, Pesetsky, & Seidenberg, 2001). However, research-
ers have disagreed about whether spellings of phonemes, onsets and rimes,
or syllables are the optimal orthographic units to teach decoding at the out-
set of instruction (Christensen & Bowey, 2005; Seymour & Duncan, 1997;
Twist, 2004). Small-unit theorists have argued for phonemes, whereas large-
unit theorists have favored onsets and rimes, or syllables (Duncan, Seymour,
& Hill, 1997; Vazeux et al., 2020; Ziegler & Goswami, 2005). The purpose of

Phonological awareness is the ability to manipulate sounds in spoken
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the current study was to contrast these two theories by deter-
mining whether initial decoding instruction is more effective
when students are taught to decode with small grapheme-
phoneme units or larger graphosyllabic units.

Small Versus Large Units

Researchers advocating larger units have pointed out that it
is easier for young learners to detect onsets, rimes, and syl-
lables in speech than to detect phonemes (Bryant, 1998;
Ferreiro & Teberosky, 1999; Goswami, 1988, 1990; Kerek &
Niemi, 2012; Treiman, 1985; Vernon & Ferreiro, 1999). Unlike
larger units, phonemes are not separate acoustic segments
but rather overlap seamlessly with other phonemes in spoken
words, and their duration is brief and ephemeral, making
them difficult to distinguish. However; researchers advocating
instruction with smaller phoneme-size units have argued
that because alphabetic writing systems represent speech at
the level of phonemes, students should be taught to detect
these units to form connections between graphemes and
phonemes to decode and spell words when first learning to
read (Duncan et al., 1997; Ehri, 2014; Hulme et al., 2002;
Seymour & Duncan, 1997). One purpose of the present
study was to determine which type of spoken unit, syllable
or phoneme, is more important to represent in print when
beginners are taught to decode words.

Graphosyllabic Approach

Portuguese orthography is considered semitransparent
(Seymour, Aro, & Erskine, 2003). Spellings are largely pho-
nemic, but some phonemes can be spelled in more than one
way, so there is not a perfect one-to-one correspondence
between sounds and letters or digraphs. Spellings make use
of diacritics to denote stress, vowel height, nasalization, and
other sound changes. Because syllables are prominent units
in spoken Portuguese, and spellings of syllables are semi-
transparent (Duncan et al., 2013; Pollo, Kessler, & Treiman,
2005), many educators believe that the syllable is the most
important written unit in teaching students to read (Alves
Martins & Silva, 2006; de Melo & Correa, 2013; Mousinho
& Correa, 2009). Portuguese syllable structure is simpler
than English syllable structure. There are fewer monosylla-
bles in Portuguese, and the boundaries between syllables
are clearer, so it is easier for beginners to detect the separate
syllables in spoken words and map them onto spellings. Syl-
lables are salient written and spoken units not only in Bra-
zilian and European Portuguese but also in French, Spanish,
Italian, and Finnish (Seymour et al., 2003).

Some evidence for the benefit of syllabic letter-sound
instruction for beginning readers was provided by Vazeux et al.
(2020). They studied French-speaking preschoolers who were
nonreaders. One group practiced reading eight whole

630 | Reading Research Quarterly, 57(2)

consonant-vowel (CV) syllables composed of four conso-
nants and four vowels, whereas the other group practiced eight
single letter—name and letter—phoneme correspondences, the
same consonants and vowels studied by the syllable group. Sta-
tistical tests showed that students who read whole syllables per-
formed significantly better on a phonemic awareness elision
task at the end of training than the single-letter group did.
Vazeux et al. interpreted their findings as supporting the syllabic
bridge hypothesis, which asserts that acquisition of CV syllable
connections provides the knowledge base from which pho-
nemes become accessible, conscious units (Doignon-Camus &
Zagar,2014). Better performance on the elision task showed that
the syllable-trained students had acquired superior awareness of
phonemes as compared with the single-letter-trained group.
Vazeux et al. speculated that this growth in phonemic awareness
should mediate successful reading acquisition. Also, they inter-
preted their findings as raising doubt that students need to be
taught individual letter—-phoneme correspondences to develop
phonemic awareness. The researchers concluded that it is more
effective to teach larger, more accessible graphosyllabic than
graphophonemic units to support reading development.

In the current study, we conducted a similar compari-
son between teaching beginners to decode whole syllables
and teaching them individual letter-phoneme associa-
tions. However, our design differed. Although participants
in both studies were nonreaders, our students were 6-year-
old beginning first graders rather than 5-year-old pre-
schoolers. Our students were taught individually rather
than in small groups, they already knew names of all target
letters, they were taught to decode 40 rather than eight
CVs composed of 15 rather than eight letter—phoneme
relations, and learning continued until students reached a
mastery criterion. Thus, our study extended Vazeux et al’s
(2020) study with a stronger design to compare the impact
of CV syllable and letter-phoneme training on transfer
not only to phonemic awareness but also to reading and
spelling outcomes. In addition, we included a third train-
ing condition in which students sounded out and blended
grapheme-phoneme subunits to decode syllables.

The effectiveness of syllable-decoding instruction has
been pursued in other languages besides Portuguese and
French. Practice in reading syllables has been studied with
older struggling readers to improve word-reading fluency
in Italian (Tressoldi, Vio, & lozzino, 2007) and Finnish
(Heikkila, Aro, Nérhi, Westerholm, & Ahonen, 2013; Hue-
mer, Aro, Landerl, & Lyytinen, 2010). Teaching students to
decode syllables is especially relevant in Finnish because of
its agglutinative property, where multiple syllabic mor-
phemes are combined to form very long words.

Graphophonemic Approach

Learning to decode with small units involves transforming
graphemes into phonemes and blending them to pronounce



words with recognizable meanings (Beck, 2006). Share
(2008Db) described decoding as a self-teaching mechanism
that readers can apply to unlock the identities of unfamiliar
words as they are reading text. Ehri (1992, 1998, 2014) pro-
posed a connectionist theory and presented evidence to
show how decoding enables readers to store written words
in memory so the words can be read by sight. When readers
apply their grapheme-phoneme knowledge to decode new
words, connections are formed between graphemes in writ-
ten words and phonemes in spoken words. This bonds the
spellings of those words to their pronunciations and mean-
ings and stores all of these identities together as lexical units
in memory. Subsequently, when these words are seen, read-
ers can read the words as single units from memory auto-
matically by sight. Decoding letter by letter is no long needed
to read the words.

Ehri (2005) portrayed the development of decoding and
sight word reading as a sequence of overlapping phases, each
characterized by the predominant type of connection read-
ers form to link spellings of words to their pronunciations in
memory. Development begins with small graphophonemic
units that later become consolidated into larger syllabic units.
In the pre-alphabetic phase, nonphonological visual cues
may be formed but are idiosyncratic and easily forgotten. Use
of systematic alphabetic cues emerges in the partial alpha-
betic phase when readers form partial grapheme-phoneme
connections, such as initial and final letters, to store words
in memory. However, readers in this phase lack the ability to
decode novel words. In the full alphabetic phase, knowledge
of the major grapheme-phoneme relations and decoding
skill are acquired and enable readers to form more complete
grapheme-phoneme connections to fully bond spellings
to pronunciations in memory. This makes word reading
much more accurate. In the consolidated alphabetic phase,
grapheme-phoneme subunits are consolidated into larger
graphosyllabic and graphomorphemic units that readers
can use to decode multisyllabic words and to form connec-
tions that secure the words in memory.

There is evidence suggesting that speakers of European
Portuguese benefit more from small-unit decoding at the
outset of learning to read. It is only after they have acquired
experience at this level that they become flexible in decod-
ing with larger units (Vale, 2006; Vale & Bertelli, 2006).
Cardoso-Martins and colleagues (Cardoso-Martins, 1995,
2013; Cardoso-Martins & Batista, 2005; Cardoso-Martins,
Corréa, Lemos, & Napoledo, 2006; Cardoso-Martins, Mesquita,
& Ehri, 2011; Treiman, Pollo, Cardoso-Martins, & Kessler,
2013) demonstrated that Brazilian preschoolers benefited
more from phonemic knowledge than syllabic knowledge
in initial reading development. In one study, Cardoso-
Martins (2013) compared Ferreiros (2009) syllabic stage
theory with Ehri’s (2005) alphabetic phase theory. Cardoso-
Martinss evidence showed that alphabetic phases more
accurately depicted childrens movement into reading than

syllabic stages did. Similar results favoring small over large
units have been reported in other studies involving trans-
parent writing systems, such as German (Wimmer & Gos-
wami, 1994), Italian (Degasperi, Micciolo, Espa, & Calzolari,
2011), Welsh (Spencer & Hanley, 2003), and Greek (Nikolo-
poulos, Goulandris, Hulme, & Snowling, 2006).

Additional evidence supporting graphophonemic over
graphosyllabic instruction was obtained in a prior study (Sar-
giani, Ehri, & Maluf, 2018). Brazilian Portuguese-speaking
kindergartners received one of three types of decoding train-
ing. The grapheme-phoneme decoding (GPD) group was
taught to decode words by breaking them into grapheme—
phoneme units. Another group received this grapheme-
phoneme instruction combined with phonemic awareness
instruction (GPD+PA). A third group was taught to decode
whole syllables (WSD). On posttests, the GPD+PA group
outperformed the other two groups on posttests assessing
word reading and spelling. The GPD group outperformed
the WSD group in learning to read words. Results were inter-
preted to favor a graphophonemic approach to beginning lit-
eracy over a syllabic approach. However, this study had some
limitations. Students lacked much knowledge of letter names.
Students were taught in groups rather than individually and
were not taught to a mastery criterion. The purpose of the
current study was to overcome these limitations and to
restrict the focus to a comparison of decoding instruction
with grapheme—phonemes versus syllables.

The majority of evidence supporting the value of explicit
GPD instruction comes from studies with English speakers
(Castles, Rastle, & Nation, 2018; Ehri et al., 2001). Critics have
suggested that because the English writing system is less
transparent and much more complex than other writing sys-
tems, research in English may have limited relevance for a
universal science of reading (Duncan et al, 2013; Share,
2008a, 2021; Ziegler & Goswami, 2006). Landerl (2000)
hypothesized that in more transparent orthographies such as
Portuguese, the orthographic structure itself may provide suf-
ficient unequivocal information about the alphabetic writing
system to activate students’ phonological decoding abilities
without explicit instruction in grapheme—phoneme relations
and phonics. One purpose of the present study was to test
Landerl’s claim. Beginning readers were taught to decode a
simplified, transparent writing system consisting of 10 conso-
nants and five vowels forming 40 CV syllables. Students prac-
ticed reading the CV's as whole syllables to a mastery criterion.
The question of interest was whether the students would
induce and become aware of the graphophonemic subunits
embedded in the syllables as a result of this repeated practice.

Determining the optimal linguistic unit size to enable
beginners to learn to read carries significant educational
implications. Knowing which level of orthographic map-
ping to teach is important for the design of effective
instruction for beginning readers and those who struggle
in learning to read (Brown & Deavers, 1999; Vale, 2006).
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The Current Study

We designed the current study to compare graphosyllabic
and graphophonemic methods of teaching beginners to
read words. We adapted the graphosyllabic approach from a
method used in earlier times as the first step in teaching Bra-
zilian Portuguese beginners to read. CV syllables are called
simple or canonical syllables in Portuguese. Students were
taught to read multiple recombinations of consonants and
vowels forming CV syllables. This method has been described
as syllabic families, syllabic method, or analytic method (Lemle,
1988).

The current study was conducted with Brazilian
Portuguese-speaking first graders in Ehri’s (2005) pre-
alphabetic phase. They knew names of the 15 target letters
that were used to spell syllables in the present study, but
could not read or spell words. Students were taught to read
40 CV syllables composed of 10 consonants and five vow-
els. One group (WSD) practiced decoding the syllables as
whole CV units. The other group (GPD) used grapheme-
phoneme subunits to decode the syllables. Students were
taught to a mastery criterion. A third group was taught
individual grapheme-phoneme (IGP) relations in isola-
tion but did not use them to read syllables. Several post-
tests were given to compare effects of training on taught
and untaught skills, including grapheme-phoneme knowl-
edge; syllabic and phonemic awareness; ability to decode
syllables, words, and pseudowords and to spell words; abil-
ity to learn to read a set of longer words from memory by
sight; and phonological memory for spoken pseudowords.

The Portuguese writing system taught to students in the
current study was simplified so spellings were transparent and
consistent in representing spoken CV syllables and grapheme—
phoneme subunits. It did not include complexities such as
diacritics and variable grapheme-phoneme correspondences.
Hence, we expected findings to be relevant not only to be-
ginning reading instruction in Portuguese but also to other
transparent and semitransparent alphabetic writing systems
having a similar syllabic structure.

We tested four hypotheses:

1. Students taught to decode grapheme-phoneme sub-
units to read CV syllables will learn to read the syl-
lables more easily during training than students who
are taught to decode graphosyllabic units to read the
syllables.

2. GPD training will produce superior performance
on literacy posttests as compared with WSD train-
ing and IGP training.

3. Students taught to decode CVs with graphosyllabic
units will become aware of their grapheme—phoneme
subunits by the end of training.

4. Graphosyllabic-trained students will outperform
students taught IGP relations on phonemic aware-
ness, reading, and spelling outcomes.
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The first two hypotheses tested claims of small versus larger
unit theories of beginning reading development. The third
and fourth hypotheses tested the syllabic bridge hypothesis
and claims of Vazeux et al. (2020) and Landerl (2000). Based
on Ehris (2005) phase theory, we expected that teaching stu-
dents in the pre-alphabetic phase to decode CV syllables by
sounding out and blending grapheme-phoneme constitu-
ents would enable these students to read more like readers in
the full alphabetic phase, whereas teaching students to
decode whole syllables and single grapheme-phoneme rela-
tions would limit these students’ movement to the partial
alphabetic phase.

Method

Participants

Thirty boys and 30 girls between the ages of 5 years 11
months and 7 years participated in the study (M = 6 years 5
months). The participants were regular Brazilian Portuguese
students from middle to lower class families and were
enrolled in the first grade of a public elementary school in
Séo Paulo, Brazil. Equal numbers of male and female names
were drawn randomly from four first-grade classes, each con-
tributing 15 students. Signed consent forms were obtained
from parents or guardians. The rate of consent approval was
94%. Oral assent was obtained from participants.

The study was conducted during the first semester of
first grade when formal reading instruction began. In kin-
dergarten, students had been exposed to letter names, but
reading was not taught. First-grade teachers used a literacy
program from the state government that was guided by
reading texts of different genres. Teachers recited the
alphabet daily, but letter sounds were not taught. No pho-
nemic awareness or phonics instruction was provided.
Written language was taught at the syllable and word lev-
els. The curriculum prescribed two 50-minute sessions of
literacy instruction per day. First-grade teachers had an
undergraduate degree in pedagogy, qualifying them to
teach early childhood education up to grade 5.

Students were assessed with several pretests. To qualify
for the study, participants had to meet the following crite-
ria, placing them in the pre-alphabetic phase of word-
reading development: proficiency in spoken Portuguese
based on teachers’ evaluations; ability to name 15 upper-
case target letters (five vowels and 10 consonants) to be
used in the study; limited word-reading ability (i.e., no
more than two out of 12 common words); limited phone-
mic segmentation skill; limited word-writing ability (no
more than two out of six words); and normal hearing and
vision, no neurological birth or acquired disorders, and no
serious emotional or behavioral problems. Three children
were dropped because they read and wrote more than two
words on the pretest.



Materials and Procedures

Participants who qualified for the study were randomly
assigned to one of the three experimental conditions: GPD
instruction, WSD instruction, or IGP relations taught with
no decoding instruction. Participants were separated into
boys (n = 30) and girls (n = 30). Within each gender group,
members of randomly formed triplets were randomly
assigned to the three conditions. There were 10 boys and
10 girls in each condition.

Students completed one day of pretests and several days
of training, followed by two days of posttests to assess train-
ing and transfer effects. Each pretest, training session, and
posttest was administered individually at the student’s school
by the first author, a school psychologist and experienced
researcher, who followed standardized scripted procedures.
Pretests were given during the first 20-minute session to
screen students for participation, to assess their level of
development as pre-alphabetic, and to verify that treatment
groups were equivalent prior to training. One week later,
training commenced and included between four and six ses-
sions, each conducted on a successive day. Sessions lasted
from five to 20 minutes. The number and length of sessions
varied depending on how long it took a student to reach a
mastery criterion. Posttests were administered in a single
session one day after each student’ last training session. An
additional delayed spelling memory posttest was given a
week later.

Pretests
The pretests were administered in the following order.

Letter-Naming Task

Students named 26 uppercase and 26 lowercase letters
printed on two sheets in random order. To participate in
the study, students had to name all 15 uppercase target let-
ters (A, B,D,E,F,I,L,M,O,P,S, T, U, V,and Z). These were
the target graphemes used to spell CV syllables during the
training sessions. Names of the 15 letters all contained the

target phonemes; for example, the letter B named “Bé&” con-
tains /b/. Correct responses were scored.

Letter-Sounding Task

Students were shown the same sheet of 15 uppercase target
graphemes and were asked to say their sounds (pho-
nemes). No student knew any target letter sounds.

Word-Reading Task

Students were asked to read four CV syllables and 12 words
commonly found in children’s books (Pinheiro & Keys,
1987) and to name four animal pictures giving nonreaders
some success. The words and syllables were composed of
the 15 capital target letters. To qualify for the study, students
could not read more than two common words. No partici-
pant read more than one word or one syllable.

Syllabic Segmentation

Students listened to 15 spoken words ranging in length
from one to five syllables and were asked to segment them
into CV syllables. Students first practiced with three words
and received corrective feedback on how to segment the
words into syllables by raising a finger to mark each syllable.
During the task, no corrective feedback was provided. The
number of correctly segmented words was scored (15 max-
imum). Cronbach’s alpha reliability was .33. Lower reliabil-
ity resulted from a very limited range of scores (i.e., 95% of
scores ranged from 10 to 13).

Phonemic Segmentation

Students were told to segment spoken words into smaller
units than in the previous task. Three practice items with
feedback were given, followed by 12 test items ranging from
one to four phonemes with no feedback. Students raised a
finger to mark each phoneme. The task was stopped if a stu-
dent made three errors in a row or could not perform the
practice items with feedback. No student was able to seg-
ment any words into phonemes.

Writing Words

Students were asked to write three CVCV words composed
of CV syllables to be taught in the study, and three CVCV
words composed of untaught syllables. Students who could
write more than two words were dropped from the study.
No participant wrote more than one word or one syllable
correctly.

Phonological Memory

The Brazilian Children’s Test of Pseudoword Repetition
(Santos & Bueno, 2003) evaluated phonological memory.
Students were asked to repeat 40 spoken pseudowords that
varied from two to five syllables. The test was stopped fol-
lowing eight consecutive errors. Scored were the number
of correct repetitions (40 maximum). The test-retest reli-
ability reported by Santos and Bueno (2003) is .81.

Experimental Conditions

In the two decoding training conditions, students were
taught to read five sets of CV syllables to a mastery criterion,
either by sounding out and blending grapheme-phoneme
subunits or by decoding syllables as whole units. In the con-
dition with no decoding training, students were taught 15
single grapheme-phoneme relations to mastery, those used
to spell syllables in the decoding conditions.

Syllable Sets

The typical instructional strategy in Brazil in earlier times
(Lemle, 1988) was to teach students to read syllabic families,
which is done by combining a consonant with each of five
vowels (e.g., ma, me, mi, mo, mu; sa, se, si, o, su). To form
CV syllables, we chose the five vowels (A, E, I, O, and U) and
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combined them with 10 consonants (B, D, F,L, M, P,S, T, V,
and Z). All of the letters contain the target phonemes in
their names. We selected participants who already knew the
names of these 15 target letters, which ensured that they
possessed the background letter knowledge to benefit from
our decoding instruction, and eliminated the need to teach
letter names.

In the two decoding training conditions, students were
taught to read five sets of eight CV syllables (40 total).
Although some were real words in Brazilian Portuguese,
they were taught without meanings. The five sets of train-
ing syllables are shown in Table 1.

The eight syllables in each set were spelled with two
consonants and five vowels that covered all possible CV
combinations except for two CVs that were not taught but
were reserved for posttests to assess transfer. For example,
set 1 consisted of ME, MI, MO, MU, SA, SE, SI, and SU but
not MA and SO. In the traditional syllabic method, students
are taught to read the syllables in a fixed sequence following
the alphabetical order of the vowels (e.g., BA, BE, BI, BO,
BU). However, in the current study, the eight CVs in each
set were arranged in four different random orders for stu-
dents to read across test trials. The syllables were displayed
individually in capital letters four inches tall. The five sets
were taught in the order listed in Table 1. Each set was
taught to a mastery criterion before the next set was taught.
After the fifth set, a final 20-item review set consisting of a
sample of CV syllables already taught was practiced to a
mastery criterion. Unless stated otherwise, test items on the
pretests and posttests were composed of the grapheme-
phoneme relations and CV syllables that students practiced
decoding.

GPD and WSD Training

Training in the GPD and WSD conditions was identical
except for the decoding procedure. Participants were taught
to read each of the five CV sets of eight syllables either by
pronouncing the two phonemes corresponding to graph-
emes separately and then blending them to form a syllable
(GPD procedure) or by pronouncing the CV syllable as a
whole unit (WSD procedure). The first run through a set of
eight CVs was a study trial. Each syllable was displayed;

TABLE1

students were told how to decode it, either by sounding out
and blending graphemes or by pronouncing the whole syl-
lable; and they copied the response. All subsequent runs
through the set were test trials. Each CV was shown, and
students tried to read it, either by pronouncing and blend-
ing the grapheme-phonemes or by reading the syllable as a
single unit. If a syllable was misread in the GPD condition,
the experimenter pronounced each grapheme and then
blended the phonemes to say the syllable. If a syllable was
misread in the WSD condition, the experimenter pro-
nounced the syllable correctly. Students repeated the cor-
rect response. In the GPD condition during the test trials,
some students began to skip the sounding out and blending
step and to pronounce the syllable as a whole. When this
occurred, the students were redirected to continue pro-
nouncing the grapheme-phoneme units separately before
blending them.

In both the GPD and WSD conditions, students prac-
ticed reading each set of CVs repeatedly in mixed-up
order for eight test trials. If students had not reached a cri-
terion of two perfect successive readings by the eighth trial,
the test trials continued until this criterion was reached, up
to a maximum of 24 test trials. Across test trials, syllables in
a set were presented in four different orders, which were
recycled. The researcher recorded students’ responses.

At the end of this training, students reviewed half of
the CVs they had been taught. The review set consisted of
a mix of 20 syllables extracted from all previous sets (see
Table 1). The same test trial procedures with corrective
feedback were followed. Test trials continued until stu-
dents could read all 20 syllables correctly twice in a row up
to a maximum of eight trials. Four random orders were
practiced and recycled.

IGP Training With No Decoding

The letter-sound training in this condition taught the same
15 grapheme—-phoneme relations taught in the GPD condi-
tion, but different procedures were used. Students practiced
IGP associations but never used the grapheme-phoneme
units to read syllables. The grapheme-phoneme relations
were taught to accuracy and speed criteria. Two types of
practice were interleaved. In one, students saw each letter,

Five Sets of Consonant—Vowel Syllables That the Grapheme—Phoneme Decoding and Whole-Syllable Decoding
Groups Were Taught to Decode, a Final Review Set, and an Untaught Transfer Set

Training syllables

Final review set

Untaught transfer syllables

Set 1: SA, SE, SI, SU, ME, MI, MO, MU
Set 2: FA, FE, FO, FU, ZE, ZI, ZO, ZU
Set 3: VA, VI, VO, VU, LA, LI, LO, LU
Set 4: BA, BE, Bl, BO, TA, TE, TO, TU
Set 5: DA, DE, DI, DU, PA, PE, PI, PO

BA, BI, DE, DU, FA, FU, LI, LO, ME, MU,
PA, PO, SE, SU, TA, TU, VI, VO, ZE, ZI

BU, DO, FI, LE, MA, PU, SO,
Tl, VE, ZA
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said its name, and then pronounced its phoneme (e.g., Bé,
/b/), followed by corrective feedback. In the next, students
heard the experimenter pronounce a letter’s sound and then
pointed to that letter from an array of five printed letters.
Corrective feedback consisted of the researcher saying the
letter’s name and phoneme and the student repeating them.
Letter names were included during instruction as bridges to
help students learn letter sounds by detecting the sound in
the letters’ names. There was no need to teach letter names
because students had to show they knew them on the pre-
test. Across trials, the letters were presented in four different
orders. Trials were repeated until students responded imme-
diately and correctly to all 15 graphemes. Students received a
minimum of eight test trials and a maximum of 24.

Assessment During Training

In the GPD and WSD conditions, students decoded the
eight CVs in each set of syllables repeatedly for a mini-
mum of eight test trials and a maximum of 24. To compare
how easily students in the two groups learned to read each
of the five sets of CV syllables, the number of test trials
completed to reach a criterion of two perfect successive
trials was scored as a minimum of 8 and a maximum of 24.
On the review set, students were scored on the number of
test trials required to read the set of 20 CV's twice in a row
perfectly as a minimum of 2 and a maximum of 8.

Posttests
Posttests were given in the following order.

Letter-Sounding Task

The pretest was repeated as a posttest. Although some of
the letters represent more than one phoneme in the Portu-
guese writing system, credit was given only for the 15 pho-
nemes taught. If students gave the names of letters, they
were asked for the sounds.

Reading Taught and Untaught Syllables

Two separate lists of CV syllables were presented, and stu-
dents were asked to read them as whole units. On the first
sheet, 20 taught syllables were listed. On the second sheet,
the 10 transfer (untaught) syllables were listed twice in
mixed-up order. Students received no feedback. The maxi-
mum score was 20 correct for each list. Parallel-form reli-
ability calculated on the two lists was .96.

Syllabic Segmentation
The pretest was repeated as a posttest. The Cronbachs
alpha reliability was .67.

Phonemic Segmentation
The pretest was repeated as a posttest. To calculate reliabil-
ity, scores on the phonemic segmentation and phonemic

blending posttests were treated as parallel forms of the
phonemic awareness construct and yielded a reliability
of .88.

Phonemic Blending

This was a new task to assess the effects of training. The
experimenter pronounced the isolated phonemes of six
CV words and six CVCV words containing taught sylla-
bles and asked students to say the words by blending the
isolated phonemes. Students first practiced with a CV and
a CVCV word. The maximum score was 12 points. The
parallel-form reliability for phonemic awareness was .88.

Writing Words

The pretest was repeated as a posttest but with two new
words added. Students were asked to write four CVCV
words composed of taught syllables and four CVCV words
composed of untaught syllables. The number of words
(eight maximum) and number of letters (32 maximum)
spelled correctly were scored. Parallel-form reliability cal-
culated on letter scores of the four words with taught syl-
lables and four words with untaught syllables was .92.

Phonological Memory

The Brazilian Children’s Test of Pseudoword Repetition
(Santos & Bueno, 2003) was repeated as a posttest. The test—
retest reliability reported by Santos and Bueno (2003) is .81.

Learning to Read Words From Memory by Sight

This task resembled those used by Ehri (2014) and others
as a measure of sight word learning. Students were taught to
read four CVC, four CVCV, and four CVCVCV real words
composed of the 15 target letter sounds that had been
taught. The words were longer than the CV's taught during
training, hence making them difficult to decode. To succeed,
students had to apply their knowledge of grapheme-
phoneme connections to remember how to read them. The
words were printed in capital letters. The letters L and M
each appeared in the initial position in three words and the
letter P in two words, and the remainder began with unique
letters. The spellings were phonetic rather than conven-
tional. The words contained taught grapheme-phonemes
without any diacritics and reflected Sao Paulo pronuncia-
tions. Examples are paz (peace) spelled PAS, fubd (cornmeal)
spelled FUBA, and lotado (crowded) spelled LOTADU. The
12 words were presented separately on cards and repeated
in four different orders across test trials. During each test
trial, the experimenter showed a card, asked the student to
read the word, and then provided corrective feedback by
saying the whole word. No instruction about how to read
the words was given. The task was halted when students
read all 12 words correctly twice in a row up to a maxi-
mum of eight test trials. The number of correct words per
trial and the maximum number of trials were recorded.
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Cronbachs alpha reliability based on words read correctly
on each of the eight trials was .98.

Memory for Spellings

At the end of the word-learning task, the researcher dic-
tated the 12 taught words, presented in a different order,
and asked students to write them. Scores were the number
of words (12 maximum), number of CV syllables (24 max-
imum), and the number of letters (52 maximum) spelled
correctly. This same task was repeated seven days later to
assess long-term memory for the words. Test-retest reli-
ability calculated on the letters correct scores was .96.

Pseudoword-Reading Task

Students were presented with two lists of unfamiliar pseu-
dowords to decode, one composed of 12 pseudowords
containing taught syllables and the other composed of 12
pseudowords containing untaught syllables. Both included
four CVC, four CVCV, and four CVCVCV nonwords.
Scores were the number of pseudowords decoded cor-
rectly on each list. Parallel-form reliability of reading the
two lists was low, .31, resulting from many zero scores.

TABLE 2

Design and Analyses

In this experiment, we compared three instructional con-
ditions. Pretests were administered to assess entry-level
literacy skills and to verify that random assignment of stu-
dents to the treatment groups rendered them equivalent
on these skills prior to treatment. Measures of perfor-
mance were taken during training and on posttests to
compare effects of the training. We calculated analyses of
variance (ANOVAs) to assess effects statistically. The inde-
pendent variable was treatment with three levels: GPD,
WSD, and IGP. The dependent variables were training and
posttest measures. Nonparametric tests were applied when
parametric assumptions were violated.

Results

Students’ Performance on Pretests

Table 2 shows the mean age and performance of the three
treatment groups on the pretests. Results of statistical tests
verified that the three groups did not differ significantly
on any of the measures. Selection criteria ensured that all

Means, Standard Deviations, and Test Statistics Comparing the Grapheme—Phoneme Decoding (GPD), Whole-
Syllable Decoding (WSD), and Individual Grapheme—Phoneme (IGP) Treatment Groups on Pretests

Treatment

GPD WSD IGP ANOVA
Measure M SD M SD M SD F p
Age (years) 6.34 0.30 6.47 0.29 6.52 0.27 2.22 12
Uppercase target letter names? (15 maximum) 15 0 15 0 15 0
Uppercase nontarget letter names (11 maximum) 6.75 1.77 6.85 2.76 6.65 2.64 0.03 .97
Lowercase target letter names (15 maximum) 7.25 1.74 7.85 2.64 7.35 2.91 0.34 .72
Lowercase nontarget letter names (11 maximum) 4.75 1.55 4.45 1.93 4.25 2.20 0.35 71
Target letter sounds (15 maximum) 0 0 0 0 0 0
Reading words (12 maximum) 0.30 0.47 0.25 0.44 0.15 0.37
« Percentage zero scores 70% 75% 85%
Syllabic segmentation (15 maximum) 11.40 1.43 11.25 1.65 11.35 1.14 0.06 .94
Phonemic segmentation (12 maximum)? 0 0 0 0 0 0
Writing words (6 maximum)® 0.20 0.41 0.10 0.31 0.15 0.37
» Percentage zero scores 80% 90% 85%
Writing letters (24 maximum) 7.65 3.10 7.60 3.33 7.53 2.91 0.06 .94
Phonological memory (40 maximum) 33.65 1.76 33.45 2.56 33.60 2.14 0.46 .96

Note. N = 10 boys and 10 girls in each treatment condition. ANOVA = analysis of variance. There were no significant differences tested at p < .05.

aScreeners that were applied to qualify students for the study. ®Nonparametric Kruskal-Wallis tests comparing treatment conditions were conducted
on measures with floor effects; results failed to reject the null hypothesis: p (read words) = .53, and p (write words) = .93.
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participants knew the names of all 15 target letters. However,
none knew sounds of the letters. No student was able to read
or write more than one word or CV syllable correctly or to
segment any words into phonemes. The majority scored
zero on the word-reading and writing tasks. Given that par-
ticipants possessed little, if any, letter-sound knowledge,
phonemic segmentation, word-reading, or word-writing
ability, they would be considered in the pre-alphabetic phase

TABLE3

(Ehri, 2005). Their letter name knowledge would make them
ready to move into the partial alphabetic phase.

Students’ Performance During Training

GPD and WSD training consisted of teaching students to
read eight CV syllables in each of five sets to a mastery cri-
terion (see the sets in Table 1) over four to six sessions.
Table 3 shows the mean number of trials completed by the

Mean Number of Trials Completed During Training and Percentages of Students Scoring at Various Levels in the
Grapheme—Phoneme Decoding (GPD) and Whole-Syllable Decoding (WSD) Treatment Groups

Treatment

GPD WSD
Syllable set M SD M SD Pairwise comparison?
Set 1: Mand S
Trials completed (24 maximum) 8.80 1.2 17.55 5.1 GPD > WSD
Percentage criterion within 8 trials 55% 0%
Percentage completing 24 trials 0% 25%
Set 2: Fand Z
Trials completed (24 maximum) 8.35 1.1 16.35 5.0 GPD > WSD
Percentage criterion within 8 trials 85% 5%
Percentage completing 24 trials 0% 20%
Set 3:Vand L
Trials completed (24 maximum) 8.05 0.2 14.20 5.3 GPD > WSD
Percentage criterion within 8 trials 95% 5%
Percentage completing 24 trials 0% 15%
Set4:Band T
Trials completed (24 maximum) 8.05 0.2 13.55 5.6 GPD > WSD
Percentage criterion within 8 trials 95% 20%
Percentage completing 24 trials 0% 15%
Set 5: Pand D
Trials completed (24 maximum) 8.05 0.2 12.40 5.0 GPD > WSD
Percentage criterion within 8 trials 95% 40%
Percentage completing 24 trials 0% 10%
Review set
Trials completed (8 maximum) 2.00 0.0 4.35 2.3 GPD > WSD
Percentage criterion within 2 trials 100% 30%
Percentage read 20 consonant-vowel 100% 85%
syllables once perfectly within 8 trials

Note. N = 10 boys and 10 girls in each treatment condition. All students were required to complete at least eight test trials in learning each of the
five syllable sets. Students who did not reach a criterion of two perfect successive trials continued beyond eight trials up to a maximum of 24 trials.
Students were required to complete at least two test trials in reading the review set to criterion up to a maximum of eight trials.

aStandard deviations between treatments differed greatly, so nonparametric Kruskal-Wallis tests were conducted on measures; the null hypothesis
was rejected in all six comparisons at p < .001, showing that the distributions of scores were not equivalent.
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two groups to learn each set of syllables, the percentages of
students who reached criterion within the minimum of
eight trials, and the percentages of students who required
the maximum of 24 trials. Also, the table shows the mean
trials completed to read the review set, the percentages of
students reaching the criterion of two perfect successive
trials, and the percentages of students requiring the maxi-
mum of eight trials. Because the distributions of scores
were not normal, we applied nonparametric Kruskal-
Wallis tests to compare performance of the two groups.
Results revealed that the distributions of scores were statis-
tically different on all six tests (ps < .001).

From Table 3, it is evident that the GPD group took
many fewer trials on average to learn to read the CV sylla-
bles in each set than the WSD group did. In fact, many GPD
students reached criterion within the minimum of eight
test trials, whereas few WSD students performed this well.
In contrast, 10-25% of the WSD students took the maxi-
mum of 24 trials to read the syllable sets, whereas none of
the GPD students required this many trials. On the final
review set, most, if not all, students in both groups were able
to read all 20 CVs perfectly, but statistical comparison of
means showed that the WSD group required significantly
more trials to reach this level. These findings support our
first hypothesis and show clearly that teaching students to
decode CV syllables by sounding out and blending grapheme—
phoneme units is much more effective and efficient than
teaching students to decode whole-syllable units.

Observation of students’ behaviors revealed how they
were managing their learning. Beginning with the second
set of CVs, some students in the GPD condition started
reading the syllables as wholes rather than sounding out
the separate graphemes. This reveals that these students
were consolidating the subunits into larger syllabic units.
Consolidation was made easier by the fact that CV's were
limited to combinations of five vowels and two consonants
in each set.

Students in the WSD group were much slower to detect
any recurring patterns across sets than GPD students. The
WSD groups mean number of trials to learn each set
decreased very gradually from set 1 to set 5 (see Table 3).
An ANOVA comparing means across the five sets for the
WSD group showed a statistically significant decline,
F(4,76) = 11.84, p < .001. Their errors included misreading
syllables as real words or guessing random words. Two stu-
dents adopted a strategy of memorizing syllables by nam-
ing each letter and then saying the syllable.

Students in the IGP group were taught to associate 15
single graphemes and phonemes. Test trials with feedback
were repeated a minimum of eight times and continued
until students responded immediately and correctly up
to a maximum of 24 trials. The average was 13 trials
(SD = 3.70) to reach this criterion. No student required the
maximum number of trials.
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Students’ Performance on Posttests

To assess the effects of training, several posttests were
administered. We applied ANOVAs to compare the perfor-
mance of the three treatment groups. On measures with
floor effects indicated by a high percentage of zero scores,
we applied nonparametric Kruskal-Wallis tests to assess
whether the distributions of scores differed significantly
among the treatment groups. Means and test statistics are
presented in Tables 4 and 5. Main effects of treatment were
statistically significant across all of the outcome measures.
Bonferroni pairwise comparisons revealed that the GPD
group significantly outperformed both the WSD and IGP
groups on most of the measures. These findings support
our second hypothesis and show that graphophonemic
decoding training was more effective than graphosyllabic
decoding training and IGP training in enabling students to
acquire grapheme—phoneme knowledge, phonemic aware-
ness, word-reading and spelling ability, and phonological
memory.

Letter Sounds

Both the GPD and IGP groups were taught the 15 target
grapheme—phoneme associations. The GPD group learned
them as part of the procedure to decode syllables, whereas
the IGP group learned them in isolation. Mean scores
tested statistically showed that the GPD group knew sig-
nificantly more letter sounds on the posttest (92%) as
compared with the IGP group (74%), most likely because
the GPD group received much more practice in associat-
ing graphemes and phonemes in the course of decoding
five sets of CV's to a mastery criterion.

Students in the WSD group received extensive practice
in reading the same grapheme-phoneme subunits but
embedded in whole syllables. Despite this, 95% were unable
to say the sounds of any letters. These results fail to support
our third hypothesis. Students who practiced reading whole
syllables did not become aware of constituent grapheme-
phoneme subunits, despite knowing all the letter names
containing the relevant sounds and repeatedly reading the
same 15 letter sounds combined and recombined in differ-
ent CV syllables on average 592 times during training. This
provides no support for our third hypothesis. Thus, expo-
sure and repetition in reading whole syllables composed of
graphemes and phonemes are not sufficient to teach aware-
ness of grapheme-phoneme subunits.

Reading CV Syllables

One of the posttests asked students to read both taught
and untaught syllables. As shown in Table 4, statistical tests
showed that the GPD group read significantly more of
both types than the WSD group did, who in turn read sig-
nificantly more than the IGP group did. The GPD and
WSD groups read untaught syllables almost as accurately
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as taught syllables, indicating that training generalized
beyond the taught units. Students in the IGP group had
received no syllable reading practice. Although half of
these students read no syllables, 40% were able to read over
11 of the 40 syllables correctly. This indicates that knowl-
edge of grapheme-phoneme relations generalized to a
CV-reading task for some of the students.

Phonological Awareness

Three oral phonological awareness posttests assessed syl-
lable segmentation, phoneme segmentation, and phoneme
blending. Results are shown in Table 4. On the syllable
posttest composed of words with one to five syllables,
mean scores tested statistically showed that the GPD group
segmented significantly more spoken words into syllables
than the WSD group did. Surprisingly, the WSD group
performed no better than the IGP group, despite all the
practice in reading syllables the WSD group received
during training.

Statistical tests applied to mean scores on the phoneme
segmentation and blending posttests revealed that the
GPD group significantly outperformed the other two
groups. Also, the IGP group segmented and blended sig-
nificantly more phonemes than the WSD group did. Given
that phonemic segmentation pretest scores were zero,
results show that training in single grapheme-phoneme
relations enhanced students’ phonemic awareness. In con-
trast, decoding whole syllables exerted little impact on
phonemic awareness. Mean posttest scores of the WSD
group were very low, with a high percentage of zero scores
(see Table 4). This evidence fails to support the syllabic
bridge hypothesis (Doignon-Camus & Zagar, 2014) claim-
ing that learning to read whole CV units provides the
knowledge base from which phonemes become accessible,
conscious units. Also, results fail to replicate and are in fact
the opposite of those reported by Vazeux et al. (2020), who
found that WSD improved phonemic awareness more
than single grapheme-phoneme training.

Spelling Words

Writing words was not part of training, and students
spelled no words correctly on the pretest. As shown in
Table 4, statistical comparison of mean scores on the post-
test assessing transfer revealed that students in the GPD
group wrote significantly more words and more letters
correctly than did students in the WSD and IGP groups
who did not differ significantly. Whereas 85% of the GPD
students spelled at least one word correctly, only half of the
WSD students and only 30% of the IGP students per-
formed this well. These findings show that decoding train-
ing exerts the strongest impact on writing when students
are taught to decode CVs using grapheme-phoneme
subunits.

Reading and Spelling Words
and Reading Pseudowords

Several posttests were given to determine whether the
three forms of training would transfer and enable students
to read longer real words and pseudowords composed of
the CV syllables.

Reading Words From Memory by Sight

A word-learning posttest examined how quickly students
learned to read four CVC, four CVCV, and four CVCVCV
words. Because the words were longer and harder to decode,
success required applying grapheme-phoneme or grapho-
syllabic connections to remember how to read them. The
set of words was read repeatedly over several test trials with
corrective feedback until all were read perfectly twice in a
row up to eight trials maximum. In one ANOVA, trials to
criterion was the dependent variable. In a second ANOVA,
trials (1-8) was a repeated measure, and words correct per
trial was the dependent variable. As shown in Table 5, statis-
tical tests revealed that the GPD group significantly outper-
formed the WSD and IGP groups, who did not differ in
trials to criterion. Whereas the majority (75%) of GPD stu-
dents reached criterion in reading all 12 words by the eighth
trial, only one WSD and one IGP student achieved this level
of success. On the words correct per trial measure, main
effects of treatment and trials and the interaction were sta-
tistically significant. As shown in Figure 1, all three groups
improved their performance over trials, with the GPD
group reading well above the other two groups. Regarding
the source of the statistically significant interaction, the IGP
group read fewer words earlier during learning than the
WSD group but caught up on the fifth trial and exceeded
the WSD group by the final trial. These findings show the
superior transfer value of GPD training over WSD training
for remembering how to read a set of words. Also, findings
suggest that knowing IGP relations may contribute more to
reading words from memory in the long run than knowing
how to decode larger CV units learned without analysis of
grapheme—-phoneme subunits.

During the word-learning task, students™ errors were
suggestive of the processes used to read the words. Some
students in the WSD group produced semantic associates of
the words unrelated to letters in spellings. For example,
FUBA was misread as “bolo” (cake). Fuba means cornmeal
commonly used to make cakes in Brazil, called bolo de fuba.
Such nonalphabetic misreadings are found among students
in the pre-alphabetic phase (Ehri, 2005). Some students in
the IGP group tried to pronounce the sounds of the letters
they had been taught, but blending proved difficult. For
example, one student started to decode FUBA correctly, say-
ing “fu,” but when he reached the letter B, he forgot about
“fu” and said “fab” Such errors are characteristic of students
in Ehrf’s partial phase who lack decoding skill.
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FIGURE1

Mean Number of Words Read Correctly From Memory (12 Maximum) on Each of Eight Test Trials in the Sight Word—
Learning Task by Students Who Received Grapheme—Phoneme Decoding (GPD) Training, Whole-Syllable Decoding
(WSD) Training, and Individual Grapheme—Phoneme (IGP) Training
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The sight word-learning task was followed by two spelling
memory tests, one conducted at the end of learning and
another given seven days later. Students wrote the 12 newly
learned words to dictation. We conducted ANOVAs on
three dependent measures: words, CV syllables, and letters
spelled correctly. The independent variables were treat-
ment and time of test. We conducted a nonparametric
Kruskal-Wallis test on the words correct measure. Main
effects of treatment were statistically significant. However,
neither time of test nor the interactions was significant.
Test statistics were consistent across analyses and are
shown on the letters correct measure in Table 5. No drop
in performance occurred on the delayed spelling test,
showing that spellings were remembered a week later.

As shown in Table 5,according to statistical tests, students
in the GPD group wrote significantly more words, syllables,
and letters correctly than the other two groups, who did not
differ. The advantage was especially large in spelling words.
On average, GPD students wrote 70% of the words correctly,
whereas WSD students wrote only 17% correctly and IGP stu-
dents 14%, with many spelling no words correctly. The WSD
and IGP groups’ recall of partial spellings was much better,
with WSD students writing 47% of the letters correctly and
IGP students 44%. These findings reveal that the spelling per-
formance of students who received GPD training conformed
to Ehris (2005) full alphabetic phase, whereas the spellings of
WSD and IGP students fit the partial alphabetic phase.
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Students were given two lists of pseudowords to read with-
out any practice or feedback. Nonparametric Kruskal-Wallis
tests comparing the distributions of scores across groups
showed that the GPD group significantly outperformed the
WSD group, who significantly outperformed the IGP group.
As evident in Table 5, GPD-trained students were able to
decode on average half of the nonwords, whereas many
WSD and most IGP students failed to decode any nonwords.
These findings indicate that training in the use of grapheme-
phoneme subunits to read syllables was the only type that
transferred and enabled students to decode pseudowords.

Phonological Memory

To determine whether the three forms of training improved
students’ ability to repeat spoken pseudowords, the phono-
logical memory pretest was repeated as a posttest. An
ANOVA compared mean gain scores, with treatment as the
independent variable (see Table 5). The main effect of treat-
ment was statistically significant, showing that all three
groups improved from pretest to posttest. Bonferroni tests
showed that the GPD group made significantly greater
gains than the other two groups who did not differ. The
small gains found in the WSD and IGP groups could have
resulted from repetition of the test. The significantly larger
gain shown by the GPD group very likely reflects the impact
of GPD training on improving phonological memory.



Discussion

Training Effectiveness

The first hypothesis tested was that students taught to decode
CV syllables using grapheme-phoneme subunits (GPD
group) would learn to read these syllables more easily than
students taught to decode the CV's as whole graphosyllabic
units (WSD group) would. Results were overwhelmingly sup-
portive. The majority of students receiving GPD instruction
reached mastery in reading each of the five sets of syllables
within the minimum of eight learning trials, whereas students
receiving WSD instruction took much longer (see Table 3).
These findings show that teaching students to decode using
small grapheme-phoneme units was much more efficient
than teaching students to decode using larger syllabic units.

Our findings bear on the controversy over whether read-
ing instruction should begin with small grapheme-phoneme
units or larger syllabic spelling—sound units (Ehri, 2005;
Hulme et al., 2002; Seymour & Duncan, 1997; Ziegler &
Goswami, 2005). Whereas syllables are easier to detect in
spoken words than phonemes are, phonemes are the basic
units systematically represented in written alphabetic lan-
guages. Present findings show that teaching reading most
effectively involves giving beginners access to the basic
written graphophonemic units to decode words, even
though access to corresponding spoken phonemic units
might be more difficult.

These findings question traditional views about effec-
tive reading instruction that predominated among Brazil-
ian educators in earlier times (Soares, 2016). Because
spoken syllables are salient features of Portuguese spoken
words, this has led educators to favor graphosyllabic units
in teaching students to read, despite the fact that the basic
units of the writing system are graphemes mapping pho-
nemes (Weisz, 2004). Current findings suggest that decod-
ing instruction with syllabic units needs to be grounded in
graphophonemic subunits and integrated into one instruc-
tional procedure.

Impact of Training on Posttests

The second hypothesis tested was that GPD training would
produce superior performance on posttests assessing liter-
acy skills including letter-sound knowledge, phonological
awareness, word reading, and word spelling as compared
with graphosyllabic decoding training and letter-sound
training. Results were supportive. Statistical tests showed
that the GPD training group significantly outperformed one
or both of the other groups on all of the posttests (see Tables
4 and 5).

It was surprising that WSD training did not support bet-
ter performance during training and on posttests. The CV
units were structured systematically so grapheme-phoneme
vowels recurred within and across the five sets of syllables
and were combined and recombined with only two consonants

in each set (see Table 1). Students knew the names of all 15
letters forming the syllables, and the letter names contained
the relevant phonemes. Students received as much practice
as they needed in reading and rereading the syllables with
feedback until they could read them perfectly. The WSD
group did not perform more poorly on posttests because
they did not learn to read the syllables to the same criterion
as the GPD group. In fact, all but three of the WSD students
reached criterion within 24 trials. Moreover, they practiced
reading and rereading many more syllables to reach this cri-
terion than GPD students did. Repetition of the statistical
analyses without these three students yielded the same
results, significantly favoring the GPD group.

These findings reveal the broad transfer power con-
ferred by GPD instruction. Although GPD-trained students
did not practice these skills, they were able to read and write
longer words and pseudowords. In contrast, graphosyllabic
decoding instruction yielded much less transfer. WSD stu-
dents showed little, if any, grapheme—phoneme knowledge,
phonemic awareness, pseudoword-decoding ability, or word-
spelling ability, although they showed small improvement
in producing partial spellings of words. Students who were
taught IGPs showed some transfer in segmenting and blend-
ing phonemes, writing partial spellings of words, phone-
mic awareness, and remembering how to read words with
practice.

A transfer task was given to assess whether the GPD
and WSD groups would be able to read CV syllables that
were not practiced during training. Results showed that
both groups read untaught CVs almost as well as taught
CVs (see Table 4), indicating that training generalized
beyond the syllables practiced. Our findings conform to
the learning process referred to as recombinative general-
ization, showing that it is only necessary to teach a subset
of exemplars to enable learners to read untaught recombi-
nations of the subunits comprising the exemplars (Hiibner,
Gomes, & Mcllvane, 2009).

The third and fourth hypotheses tested whether stu-
dents taught to decode graphosyllabic CVs composed of
recombinations of grapheme-phoneme subunits would
become aware of the grapheme-phoneme subunits by the
end of training and whether this would transfer and improve
their phonemic awareness, word reading, and spelling more
so than students who received IGP training. These hypothe-
ses received no support. On the posttest requiring students
to say the sounds of target letters, 95% of students in the
WSD group scored zero. On the phonemic segmentation
and blending posttests, their mean scores were very low, if
not zero, and statistically lower than those of IGP students
who were taught single grapheme-phonemes explicitly. The
WSD and IGP groups did not differ on several word-reading
and spelling measures.

These findings fail to support the syllabic bridge hy-
pothesis (Doignon-Camus & Zagar, 2014), proposing
that teaching beginners to decode syllables provides the
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knowledge base from which phonemes become accessible
conscious units. Also, our findings are the opposite of
those reported by Vazeux et al. (2020). Whereas we found
that IGP training improved phonemic awareness more
than WSD training did, Vazeux et al. found that WSD
training improved phonemic awareness more than IGP
training did. One possible explanation for the difference in
findings is that their syllable training may not have been
limited to decoding whole syllables but may have included
some instruction in grapheme-phoneme subunits. Closer
inspection of Vazeux et al’s whole-syllable training proce-
dure reveals that this may be so, and it may have activated
students’ awareness of grapheme-phonemes in written
syllables to facilitate their phonemic awareness.

Also, our findings fail to support Landerls (2000) sugges-
tion that when orthographic structure is fully transparent, it
may provide sufficient unequivocal information about the
writing system to activate students knowledge of grapheme-
phoneme relations and phonological decoding ability with-
out explicit systematic instruction. Current findings raise
doubt. At least in our relatively short-term controlled experi-
ment, we found that knowledge about the graphophonemic
alphabetic system and its use for reading and writing words
was not acquired when students were given extensive prac-
tice in decoding whole CV syllables written in a highly trans-
parent, recombinant spelling system.

Grapheme—Phoneme Connections
and Their Impact on Sight Word
Reading and Spoken Language

Grapheme-phoneme knowledge is considered founda-
tional, enabling beginners to learn to read words. According
to Shares (2008b) self-teaching hypothesis, grapheme-
phonemes are applied to decode unfamiliar words. Accord-
ing to connectionist theories, grapheme-phonemes serve to
connect graphemes in spellings to phonemes in pronuncia-
tions and store them in memory to enable students to
remember how to read words by sight (Ehri, 1992, 2014; Per-
fetti, 1992; Perfetti & Hart, 2002). Present findings support
these views. Students taught to use grapheme-phonemes to
read CV syllables far outperformed the other two groups on
posttests in decoding longer pseudowords, in remembering
how to read a set of 12 longer words over several learning
trials, and in recalling their spellings more accurately. Being
able to store written words in memory to read them imme-
diately as whole units is central in becoming a fluent reader
of text. This enables readers to focus on and comprehend the
meaning of a text while words are recognized automatically.

According to Ehri (2014, 2020), when readers acquire
knowledge of the grapheme-phoneme writing system and
its use to read and spell, this knowledge exerts an impact
on spoken language. In the current study, this impact was
evident on the phonological memory task. Statistical tests
showed that the GPD-trained students made significantly
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greater gains from pretest to posttest in repeating spoken
pseudowords than the other groups did. This effect was
also found in a study by Boyer and Ehri (2011), in which
performance on Gathercole and Baddeley’s (1996) phono-
logical memory task was boosted in students who received
grapheme-phoneme instruction to represent the sounds
in words, but not in untreated students. One explanation is
that when grapheme-phoneme connections penetrate the
phonological representational system as a result of CV
decoding or spelling instruction, this enhances the distinc-
tiveness of phonemes in spoken words and improves
memory for their pronunciations.

Studies examining the impact of spellings on vocabu-
lary learning have shown that readers remember the pro-
nunciations of novel words better after exposure to their
spellings during learning than when students have only
practiced pronunciations without seeing spellings (Cham-
bré, Ehri, & Ness, 2017; Ricketts, Bishop, & Nation, 2009;
Rosenthal & Ehri, 2008). Orthographic facilitation of mem-
ory for spoken words is especially strong when students
actively decode the words during learning (Chambré, Ehri,
& Ness, 2020). These findings show that the benefits of
GPD instruction extend beyond literacy tasks to include
spoken language and that phonological memory is not
independent of literacy skill. When students learn to read,
knowledge of the writing system infiltrates their phonolog-
ical processing ability. This is supported by the findings of
research using functional magnetic resonance imaging
technology to study brain processes. Findings show that
when students learn to read, written language engages areas
of the brain allocated for speech (Frost et al., 2009; Yon-
cheva, Wise, & McCandliss, 2015).

Theories of Reading Development

Present findings support the sequence of phases portraying
the development of word reading proposed by Ehri (2005,
2014), consisting of the pre-alphabetic, partial alphabetic,
full alphabetic, and consolidated alphabetic phases. Accord-
ing to this theory, the full phase emerges when students can
apply grapheme-phoneme subunits to decode words. The
consolidated phase emerges subsequently when recurring
sequences of grapheme-phoneme subunits become con-
solidated to form larger units representing syllables and
morphemes. In other words, small grapheme-phoneme
units emerge first and are needed to form larger syllabic
units. Present findings provide evidence for development
from smaller to larger units. The consolidation process was
evident among some GPD students during training. As
they practiced decoding CVs by sounding out grapheme-
phoneme subunits before blending them, some students
started dropping this routine and reading the CV's as whole
units. On posttests, GPD students far outperformed WSD
students in reading longer words and pseudowords by
combining the grapheme-phonemes and syllables they had



been taught. Our findings support teaching grapheme-
phoneme units first so readers can consolidate them into
graphosyllablic units subsequently. In this way, grapheme-
phoneme units become nested within syllabic units to facil-
itate the reading and spelling of words.

Performance on posttests in the current study revealed
that GPD training enabled students to perform more like
full phase readers, whereas WSD and IGP training limited
students to the partial phase. All of the students began the
study in the pre-alphabetic phase. Although they knew all
15 target letter names, they lacked knowledge of grapheme-
phoneme relations, phonemic awareness, and word-reading
ability. GPD instruction enabled students to use the grapheme-
phonemes and CV syllables that they had been taught to
read longer words and pseudowords, to write more com-
plete spellings, to learn to read words from memory, and to
remember their spellings. In contrast, students receiving
WSD and IGP instruction performed like partial phase
readers. They wrote partial spellings of words. Their mem-
ory for complete spellings of words they had practiced
reading was poor, as well as their phoneme segmentation
and blending skills and pseudoword reading. Learning to
decode whole syllables provided little advantage over learn-
ing single grapheme-phoneme relations.

Strengths, Limitations,
and Future Research

We conducted the current study as a controlled experiment.
Internal validity was maintained by the use of screeners to
limit participation to students who could benefit from
instruction, by random assignment of students to treatment
conditions, by the use of standardized scripts and proce-
dures throughout training and testing, by administration of
pretests to verify that treatment groups did not differ prior
to instruction, by teaching students to a mastery criterion to
ensure that learning occurred, and by administration of
posttests to assess effects of the treatments on skills that
were taught and on transfer to untaught skills. The sample
consisted of 20 students in each of three conditions, yield-
ing sufficient statistical power. Instruction was conducted
with individual students. These features enabled us to attri-
bute superior performance on outcome measures to the
greater effectiveness of GPD instruction as compared with
WSD and IGP instruction.

External validity was limited to typically developing
Brazilian first graders (5-6 years old) from low to middle-
class backgrounds, obtained from one public elementary
school in Sdo Paulo, Brazil. These students met specific cri-
teria to qualify for the study, enabling us to identify charac-
teristics of the population for whom findings are likely to
generalize. Learning was conducted in a simplified trans-
parent version of the Portuguese writing system. Future
studies might examine whether findings generalize to other
populations of first graders, to older struggling readers, and

to beginners learning to read in other alphabetic writing
systems in which syllables are salient spoken units, such as
Finnish, Spanish, Italian, and French.

There are some possible limitations of the present study.
One researcher administered training to all the students
and then posttested them. A maximum of three weeks
elapsed between the pretests and posttests. During this
time, students received literacy instruction in their classes at
school, but it did not include phonics. If this instruction
influenced performance on posttests, the influence would
be expected to affect scores equally across treatment condi-
tions. Reliability values were high on most tests. However,
our method of calculating test-retest and parallel-form reli-
abilities might be regarded as unconventional, although the
procedures we used conformed to the reliability constructs.
Students in the pre-alphabetic phase were taught to decode
a simplified, transparent orthography consisting of 15
grapheme-phonemes combined to form all possible CV
syllables. Although this approach provided an effective
entrée into reading acquisition, it ignored all the complexi-
ties of the writing system left to be learned. Future research
is needed to examine whether this initial form of instruc-
tion shows long-term benefits.

Implications for Instruction

We conducted the current study as a laboratory experiment
with individual students. Future research is needed to
design and evaluate a curriculum that adapts GPD instruc-
tion for teachers working with students who have not yet
learned to read. Based on the current study, beginners
would be taught a limited set of graphemes whose names
contain the relevant phonemes. Then, students would prac-
tice and receive feedback using the grapheme-phoneme
subunits to sound out and blend multiple sets of CV sylla-
bles to mastery levels. As they consolidate grapheme-
phoneme subunits into whole graphosyllable units, students
would receive practice in using these to read and spell lon-
ger words containing the taught syllables in and out of texts.
Our findings suggest that this approach might be effective
as a first step in introducing students to the alphabetic prin-
ciple and its use to decode words. With additional instruc-
tion and practice in learning the full orthographic system
and its complexities to read words in and out of text and to
spell words, such an approach holds promise in helping
beginners become skilled readers.

Current findings carry pedagogical implications for
improving beginning reading instruction not only in Portu-
guese but also in other transparent and semitransparent
alphabetic writing systems with a similar syllabic structure.
When words in the spoken language are composed primar-
ily of simple CV syllables and these syllables are written with
grapheme-phoneme subunits, present findings suggest that
reading instruction is most effective when it begins by teach-
ing students to decode and blend the grapheme-phoneme
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subunits in the syllables. Teaching beginners to read whole
CV syllables from the outset of instruction without explicit
instruction in grapheme-phoneme subunits may show lim-
ited effectiveness. Our findings revealed that even though
the WSD students knew letters and their names containing
the target phonemes, these students did not discover the
grapheme—phoneme subunits forming the CV syllables.
Despite much systematic practice, the students continued to
try to learn the syllables as unanalyzed whole units and
failed to learn any grapheme-phoneme correspondences.
To accommodate these findings, teachers who favor the
teaching of syllables or syllable families would need to mod-
ify their instruction only slightly by front-loading instruc-
tion in grapheme-phoneme subunits and their use to form
consolidated graphosyllabic units.
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