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Abstract
The orthographic forms (spellings) of second language (L2) words and sounds affect the
pronunciation and awareness of L2 sounds, even after lengthy naturalistic exposure. This
study investigated whether instruction could reduce the effects of English orthographic
forms on Italian native speakers’ pronunciation and awareness of L2 English sounds.
Italians perceive, produce, and judge the same sound as a short sound if it is spelled with
one letter and as a long sound if it is spelled with a digraph, due to L1 Italian grapheme-
phoneme correspondence (GPC) rules whereby double consonant letters represent long
consonants. Totally, 100 Italian learners of English were allocated to two conditions (final
n= 88). The participants in the explicit GPC (EGPC) condition discovered English GPC
rules relating to sound length through reflection, explicit teaching, and practice; the par-
ticipants in the passive exposure condition practiced the same words as the EGPC partic-
ipants, but with no mention of GPCs. Pre- and postintervention production (delayed word
repetition) and phonological awareness (rhyme judgment) tasks revealed no positive
effects of the instruction. GPC instruction appears to be ineffective in reducing ortho-
graphic effects on L2 phonology. Orthographic effects may be impervious to change,
whether by naturalistic exposure or by instruction.

Keywords: orthographic effects; second language phonology; pronunciation; phonological awareness;
pronunciation instruction; group randomised trial

Introduction
Recent studies have consistently demonstrated that the orthographic forms (spellings)
of speech sounds in a second language (L2) affect L2 speakers’ speech production,
speech perception, and phonological awareness (for an overview, see Hayes-Harb &
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Barrios, 2021). Orthography then appears to play a major role in shaping L2 phonology.
Furthermore, orthographic effects on pronunciation and phonological awareness—
explicit knowledge about the phonology of the second language—persist after years
of immersion in a naturalistic environment, in spite of much exposure to native input
(Bassetti et al., 2020). In the current study, we investigated whether a teaching interven-
tion that specifies the relationship between L2 graphemes (sound spellings) and corre-
sponding sounds can reduce the effects of orthography on L2 speakers’ production and
awareness of L2 sounds. A group randomized trial design was used to investigate the
effects of making L2 learners of English cognizant of the relationship between number
of letters in the spelling of an English sound (consonants and vowels) and the length of
the corresponding sound, using student reflection, explicit teaching, and practice with
spoken and written input.

Effects of orthographic forms on second language phonology
The way second language words and sounds are spelled—their orthographic forms—
can lead to non-nativelike pronunciations, as L2 speakers pronounce words “the way
they are written,” often recoding L2 orthographic forms using the orthography-
phonology conversion rules of their first language (for a review, see Hayes-Harb &
Barrios, 2021). For instance, native Italian (ItalianL1) learners of English as a
Second Language (EnglishL2) can add a sound corresponding to a so-called “silent
letter,” for example, adding [l] in walk (Bassetti & Atkinson, 2015). Italians may
be particularly prone to orthographic effects because there is evidence that such effects
are stronger among native users of transparent—that is to say regular—writing sys-
tems (Escudero, 2015), of which Italian is an example. In particular, when an English
consonant is spelled with double letters, ItalianL1 learners of EnglishL2 often produce it
as longer than the same consonant spelled with a single letter. This is because their L1
Italian contrasts short and long consonants (called singletons and geminates, respec-
tively), and Italian geminates are spelled with double letters, as in /ˈfato/-/ˈfatːo/
(“fate” vs. “fact.” the /ː/ symbol represents a longer sound), spelled <fato>-<fatto>
(Bertinetto & Loporcaro, 2005). Although English does not have contrastive length
(Davis, 2011), Italians produce long consonants in EnglishL2 words with double con-
sonants letters, for instance, producing a longer [t] in kitty than in city (Bassetti, 2017),
and producing homophones with longer or shorter consonants depending on their
spelling, for instance producing a longer [n] in Finnish than in finish (Bassetti
et al., 2018).

The effects of number of letters on sound duration are established early in the
word learning process, as Italians produce long and short consonants in newly
learned spoken words after as little as eight exposures, if the spoken word was pre-
sented together with its orthographic form (Cerni et al., 2019). In metalinguistic
awareness tasks, ItalianL1 speakers judge the same consonant as two different con-
sonants when spelled with double letters or a single letter, and generally believe that
English has long and short consonants (Bassetti et al., 2020). Orthographic forms
even appear to affect speech perception, as Italians perceive different consonants in
English homophones such as finish and Finnish, but only when the two target words
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are preactivated, for instance by images of a finish-line flag and a Finnish flag
(Bassetti et al., 2021). Overall, it appears that ItalianL1 speakers of EnglishL2 make
a contrast between English long and short consonants—a contrast that is not
attested in the phonological system of the English language and that affects their
L2 perception, production, and awareness.

The orthographic forms of English vowels also affect Italians’ production, per-
ception, and judgment of EnglishL2 vowels, but the effects are less straightforward
than with consonants. Neither the Italian nor the English language has contrastive
vowel length; however, English tense vowels are longer than lax vowels (as well as
having qualitative differences, Roach, 2004), and vowel digraphs often represent
long vowels in the English writing system, such as <oo> in moon (/muːn/) and
<ea> in jeans (/dʒiːnz/) (Carney, 1994). Single vowels as well as the <V_e>
digraph (known as “silent e”) can also represent tense (that is to say, longer) vowels,
as in ski (/skiː/) and June (/dʒuːn/). ItalianL1 speakers of EnglishL2 often produce a
vowel as longer in words spelled with a vowel digraph than in words spelled with a
single vowel or a <V_e> digraph, for instance producing the target vowel [uː] as
longer in moon and shorter in June (Bassetti & Atkinson, 2015; Bassetti et al., 2020)
and categorise and perceive different vowels in homophonous words spelled with a
digraph, versus with a single letter or <V_e> digraph (Bassetti et al., 2020; Bassetti
et al., 2021. Italians are not aware that<V_e> is a split digraph that indicates a long
vowel, Bassetti & Atkinson, 2015).

Lengthy naturalistic exposure does not appear to reduce such orthographic
effects on L2 phonology. A few studies compared the perception, production,
and awareness of EnglishL2 consonant and vowel length in Italian instructed learn-
ers of EnglishL2, with no or minimal exposure to a native-speaking environment,
with that of ItalianL1-EnglishL2 sequential bilinguals who had studied English at
school and then had been living in an English-speaking environment for a long time
(Bassetti et al., 2020; Bassetti et al., 2021; Bassetti et al., 2018; Mairano et al., 2018).
Results consistently showed that lengthy naturalistic exposure does not reduce
orthographic effects on L2 phonology. The sequential bilinguals produced, per-
ceived, and judged EnglishL2 consonants and vowels as being short or long depend-
ing on their spelling.

Since orthographic forms affect L2 phonology, and lengthy naturalistic exposure
does not seem to reduce such effects, the next question is whether a teaching inter-
vention might reduce such orthographic effects, given that phonetic instruction can
have positive effects on L2 perception and production.

The effects of phonetic instruction on L2 phonology
L2 pronunciation instruction can positively affect L2 speech perception and produc-
tion, as shown by narrative reviews (Thomson & Derwing, 2015) and meta-analyses
(J. Lee et al., 2015). There are caveats, however. Some studies found no positive
effects (Lord, 2005; Saalfeld, 2012), and we do not know whether perception training
improves production and vice versa. Finally, positive effects of instruction may be
dependent on variables that are not yet fully understood, such as intervention
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duration, the sounds targeted, and the tasks used to test outcomes (Saito & Plonsky,
2019; Sakai & Moorman, 2018).

Looking specifically at duration, research indicates that with a novel language,
even minimal instruction that involves briefly explaining that a language has a
long-short contrast, or drawing attention to sound duration, can lead to naïve lis-
teners being able to distinguish long and short sounds (Hisagi & Strange, 2011;
Porretta & Tucker, 2015). Looking at learners, training helps them perceive gemi-
nates in JapaneseL2 (Sonu et al., 2013). For instance, perception training with wave-
form displays improved the production (Motohashi Saigo & Hardison, 2009) and
perception (Sadakata & McQueen, 2013) of singleton-geminate contrasts in begin-
ner learners. Indeed, Americans with up to five years of JapaneseL2 learning expe-
rience almost doubled their geminate identification accuracy after just 10 sessions of
15 minutes each (Hirata, 2004). However, L2 learners generally do not achieve
native-like categorical perception (Sonu et al., 2013) and produce different dura-
tions compared with native speakers. Still, L2 learners can be trained to reduce reli-
ance on duration in the L2: even a short period of training can help Chinese learners
of EnglishL2 rely less on vowel duration and more on qualitative differences to dis-
tinguish /i/-/ɪ/ (Wang & Munro, 1999).

Looking specifically at whether instruction might reduce orthographic effects on
L2 phonology, research is limited and generally negative. Evidence mostly comes
from studies of word learning in novel languages (L0) and indicates that brief
grapheme-phoneme correspondence (GPC) instruction does not help. Showalter
and Hayes-Harb (2015) reported that learners of ArabicL0 who saw written input
in the unfamiliar Arabic script and received short instructions about Arabic
GPCs were not facilitated in discriminating a difficult Arabic phonological contrast.
Similarly, Hayes-Harb et al. (2018) found no improvement when English speakers
learning spoken pseudowords in GermanL0 were taught that word-final stops are
devoiced even if spelled with letters representing voiced consonants (e.g., word-final
<g> is produced [k]), and Showalter (2020) reported the same when English speak-
ers learning spoken pseudowords in RussianL0 received brief written instruction in
Russian GPCs. However, it is important to acknowledge that naïve learners of novel
languages are faced with novel and/or difficult sounds and/or orthographic symbols,
and evidence from these studies cannot be generalized to L2 learners or users.

Two issues were identified, on the basis of the above literature review that need to
be addressed. First, while phonetic instruction can reduce the effects of L1 phonol-
ogy on L2 phonology, it is unclear whether instruction about phonology-
orthography correspondences can reduce orthographic effects on L2 phonology.
Second, while instruction can help L2 speakers perceive and produce an L2 contrast,
it is unclear whether it can stop them perceiving and producing a contrast that is not
attested in the L2.

The present study
The aims of the study were to investigate whether instruction could reduce the
effects of orthographic forms on L2 speech production and L2 speech sound aware-
ness. A group randomized trial (GRT) was conducted with eight classes of students.
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Half the classes received explicit teaching of the GPCs under analysis. Students in
the other four classes practiced written and spoken forms of the words employed in
the intervention, but without explicit teaching of GPCs. Outcome was assessed by
comparing the two groups’ production and awareness of L2 speech sounds at pre-
and posttest. Based on the literature review above, we hypothesized that the explicit
teaching of orthography-phonology correspondences (number of letters in the spell-
ing of an English language consonant or vowel and the duration of the related
sound) would improve performance, as follows:

1. In a consonant and a vowel production task, reduce or eliminate the difference
in duration between the same sound (consonants or vowels) when spelled
with a digraph or with a single letter.

2. In a consonant awareness task, reduce or eliminate the incorrect judgment of
consonants spelled with single or double letters as two different consonants
(a singleton and a geminate).

3. In a vowel awareness task, by clarifying that the same long vowel can be
spelled with a single letter or a digraph and a single-letter spelling does
not necessarily represent a “short” vowel, reduce or eliminate the incorrect
judgment of vowels spelled with single letter or digraphs as two different
vowels.

The following paragraphs outline the rationale for the instruction used, the tasks
employed, and the GRT approach.

We decided to implement an intervention addressing the GPCs of English con-
sonant and vowel digraphs because exposure to English native speech by itself does
not eliminate orthographic effects on L2 phonology and because explicit phonetic
instruction can impact L2 speech production. Lengthy naturalistic exposure does
not appear to reduce the effects of number of letters (single or digraphs) on second
language phonology in ItalianL1 speakers of EnglishL2 (Bassetti et al., 2018; Bassetti
et al., 2020; Bassetti et al., 2021). Researchers also found that sequential bilinguals
with lengthy naturalistic exposure produced more native-like voice onset times than
instructed learners, but did not produce fewer long consonants (Mairano et al.,
2018), and argued that the effects of orthography on timing in L2 speech production
may be more impervious to change than effects of L1 phonology that are not rein-
forced by orthographic representation. Although naturalistic exposure cannot elim-
inate orthographic effects on L2 phonology, such effects might be reduced or
eliminated by explicit instruction and drawing learners’ attention to GPCs. This
is because explicit phonetic instruction can positively affect L2 phonology (Lee
et al., 2020; DLee et al., 2015; Saito & Plonsky, 2019; Thomson & Derwing,
2015), including the perception of contrastive length, at least in a novel language
(Hisagi & Strange, 2011; Porretta & Tucker, 2015). It is, however, unclear whether
the reverse is also true, that is to say whether instruction can make L2 learners notice
the absence of a length contrast.

The intervention was designed to include elements of student reflection, explicit
teaching, and pair and group work involving both perception and production train-
ing, and both spoken and written practice. Perception and production were both
included because evidence of cross-modality training effects is not consistent, that
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is to say it is unclear whether perception training can result in improvements in
production, and vice versa. Flege’s speech learning model (SLM-r) predicts that
improvements in L2 perception can lead to improvements in L2 production because
speech development is perception-based (Flege & Bohn, 2021). There is evidence
that perception-based instruction can improve L2 pronunciation more than
production-based instruction (B. Lee et al., 2020). Hence, both were included in
the present study.

The intervention also involved oral as well as written production because evi-
dence suggests that written tasks may be more effective than oral tasks at improving
L2 learners’ speech production (Solier et al., 2019). Intervention tasks included read-
ing aloud printed words, repeating native speakers’ pronunciations of the same
words, and spelling them. The intervention was administered to whole classes of
students (not just the study participants) during a normal English language school
teaching session. In order to ensure quality and fidelity, the intervention (explicit
GPC instruction) and control group (passive exposure) teaching were delivered
by an applied linguist with fifteen years’ experience of teaching linguistics
(Bassetti). The sessions for each of the eight classes lasted one hour, and the inter-
vention focused on clarifying just one concept, that English digraphs do not repre-
sent longer sounds than single letters. We had originally planned two separate
sessions for consonants and vowels, but decided on a single teaching session for
the following reasons: (1) a series of unforeseen school events resulted in teachers
lagging behind with the curriculum, which meant that intervention time needed to
be minimised; (2) one hour seemed sufficient to understand that a single binary
contrast is unattested in the L2 (most previous interventions targeted multiple
L2 contrasts that are difficult for participants to perceive and/or produce); (3) just
one hour of pronunciation instruction can be effective (e.g., B. Lee et al., 2020), and a
recent meta-analysis even showed that a shorter intervention can improve L2 speech
production more than a longer one (Sakai & Moorman, 2018), although another
meta-analysis (J. Lee, et al., 2015) found longer instruction to be more successful
than shorter instruction; (4) the intervention was meant to be suitable for time-
pressed high-school teachers, and it was reasoned that if a classroom-based one-
hour session can reduce or eliminate orthographic effects on L2 pronunciation,
school teachers would be more likely to adopt the intervention. Consonant duration
in English is unlikely to impact intelligibility, hence only justifying minimal invest-
ment of time and effort (see Plonsky & Oswald, 2014, for a discussion of potential
benefits vis-à-vis implementation costs of interventions), still it affects accentedness,
and it should be noted that the vast majority of Italian high-school learners consider
a native-like pronunciation very important (Bassetti, 2017; Bassetti et al., 2020).

Unlike most studies of phonetic instruction, we tested the effects not only on
production but also on phonemic awareness—the ability to identify and manipulate
consonants and vowels, which is a component of phonological awareness. First, it is
generally agreed that explicit instruction can improve awareness of L2 phonology
(Saito & Plonsky, 2019). Second, we assume, following Bassetti (2008, 2017) that L2
orthographic forms affect phonological representations, that are then reflected in
both production and metalinguistic awareness, and indeed we had found that
awareness of sound length predicts orthographic effects on duration in speech pro-
duction (Bassetti et al., 2020). Third, we thought that instruction could affect
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performance in phonological awareness possibly more than in a production task,
where multiple tasks compete for the L2 speakers’ limited mental resources and
attention to form is limited by the need to think about content. More in general,
phonemic awareness is considered to develop as a consequence of literacy in an
alphabetic writing system, hence likely to be affected by an intervention that
addresses GPCs.

Finally, a group randomized trial design was selected as the most appropriate
method for establishing the effectiveness of the intervention. It was not possible,
within the constraints of the participants’ school schedules, to carry out fully ran-
domized allocation of participants to teaching conditions. While fully randomized
controlled trials have been argued by some to be the ideal design for indicating the
effectiveness of educational interventions (Connolly et al., 2017), group randomized
trials, where classes or schools are randomly allocated to conditions, are widely
employed in situations like the one in the present study, where randomization of
individual participants to conditions was not logistically possible (Torgerson &
Torgerson, 2008).

Method
Using a group randomized trial design, we tested 100 learners of English as a Second
Language studying in eight classes organized in four pairs (please see
Randomization section below). One of the two classes in each pair was randomly
selected to receive the explicit GPC instruction (EGPC condition), and the other the
passive exposure intervention (PE condition). The participants were tested before
(pretest, n= 100) and after the intervention (posttest, n= 88).

Participants

Participants were ItalianL1 high-school learners of EnglishL2. They were recruited
from fourth-year classes of three high schools in Rome, Italy. Six English language
teachers at the schools, teaching a total of eight classes, consented for their students
to take part in the study. All students in these classes were invited to participate.
Fourth-year classes were targeted to ensure a minimum age of 16 years, similar lev-
els of English (as Italian schools follow the same national curriculum), and sufficient
amount of time available to take part in the study (fifth-year students need to pre-
pare for graduation exams). All participants could discriminate English tense and
lax vowels (see Bassetti et al., 2020). Figure 1 gives an outline of the number of stu-
dents involved in each stage of the study from initial recruitment to analysis of the
results, following CONSORT recommendations.1

The final sample of students whose data were included in the analyses comprised
43 participants in the EGPC condition (one of them did not complete the posttest
production task) and 45 in the PE condition. Table 1 gives a summary of demo-
graphic variables for the participants in the two conditions. The participants all took
part in the study of Bassetti et al. (2020) and for that study assessments were admin-
istered of short-term memory, self-reported mimicry ability, pronunciation learning
strategies, English language proficiency, English reading to listening ratio, attitudes
to English language, and desire for native-like pronunciation (please see Bassetti
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et al., 2020 for details of the assessments used and summary scores). The students
who received the EGPC and PE interventions were found to be well matched on the
variables, and independent t-tests confirmed that there were no significant
differences.

Table 1. Demographic variables for the participants in the explicit GPC (EPGC) and passive exposure (PE)
conditions. Standard deviations are in parentheses

Measure EGPC PE

N 43 45

Age (years) 16.84 (±0.37) 16.98 (±0.50)

English language age of onset of acquisition (years) 5.74 (±1.95) 5.78 (±1.77)

English language length of study (years) 10.35 (±1.89) 10.69 (±2.32)

Figure 1. Flow-chart showing allocation of participants, as per CONSORT recommendations.
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The sample size was deemed sufficient to reveal a medium effect size (Partial
η2= 0.03), with 0.90 power at an alpha-level of .05 (G*Power 3.1 software, Faul
et al., 2009). All participants reported normal or corrected-to-normal vision.
None reported reading or listening difficulties, two participants were left-handed.
Participation was voluntary and rewarded with book vouchers. Parents of all the
participants provided written consent. The study was approved by the University
of Warwick Research Ethics Committee (Number: 118/14-15, Project Title:
Effects of Orthography on Phonology in Second Language Speakers of English:
Pronunciation, Phonological Awareness, Speech Perception and Spelling).

Randomization

In order to have a balance in terms of teacher and school characteristics across the
EGPC and PE conditions, allocation of participants was implemented as indicated
next. First, the eight classes of students were paired: there were two pairs where both
classes in a pair had the same teacher (and same school) and two pairs where both
classes in a pair were in the same school but had different teachers. Then, one class
within each pair was randomly allocated to the EGPC condition and one to the PE
condition. To ensure concealed allocation, randomization was carried out by an
independent researcher with no knowledge of the project. As different classes
included different numbers of students,14 participants were absent for the interven-
tion session, and the final sample included 43 participants who received the EGPC
intervention and 45 who received the PE intervention.

Apart from the Bassetti, who delivered the intervention, all the researchers were
blind to participants’ group allocation: the Cerni who administered the pre- and
postintervention assessments and coded responses in the awareness task, and the
phoneticians who performed acoustic analyses. Students and their teachers were
also blinded, as follows. Teachers were informed that all classes would receive a
guest session, but were not cognizant of session content and class allocation.
Students were not informed in advance about the intervention, which was presented
on the day as a guest class and not as part of the project. They were also not told the
purpose of the project, other than it being a study of Italian students’ English lan-
guage learning. Students were debriefed at the end of the study.

Procedure, materials, and tasks

Participants were assessed twice, pre- and postintervention, in one-to-one sessions
lasting approximately an hour that were delivered by the Cerni. On both occasions,
each participant was assessed in a production task (delayed word repetition), then a
phonological awareness task (rhyme judgment). The pretest assessment also
included a memory task and a spelling-to-dictation task to assess knowledge of
the target words in the production task; the posttest assessment also included open
questions about metalinguistic awareness. All the tasks were developed by Bassetti
et al. (2020) and are described in detail in that study. Task materials are available in
two online repositories (https://osf.io/p3q6d and www.iris-database.org).

The production task involved delayed word repetition and tested whether par-
ticipants produced a sound as longer when spelled with a digraph than when spelled
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with a single letter. The phonological awareness task tested whether participants
judged the same sound as two different sounds (a short one or a long one) when
spelled with a single letter or a digraph. In the production task, participants were
asked to listen to a native speaker’s production of a sentence while seeing a related
picture (to facilitate comprehension), to count backwards (in order to remove traces
of native production from memory), and then to listen to a cropped version of the
same sentence and produce the missing word three times in a frame. There were 20
C-CC word pairs where the same target consonant was spelled with single or double
consonant letters, such as city-kitty, and 20 V-VV word pairs where the same vowel
was spelled with a single vowel letter or a digraph (double letters or two-letter
grapheme), such as skis-sees. There were four counterbalanced lists, each one con-
taining 20 pairs (10 consonant pairs and 10 vowel pairs) out of the total 40. Each
participant saw the same list at both the pre- and posttest assessments.

The rhyme judgment task involved asking participants to decide whether two
words contained the same sounds. The targets were 12 C-CC word pairs, such
as very-cherry, and 12 V-VV word pairs, such as rule-cool. There were also 24 rhym-
ing controls—rhyming words containing one sound that is spelled differently in the
two words, such as tale-mail—and 24 non-rhyming controls—word pairs whose
rimes differed in one consonant or vowel, such as toy-day.

The spelling-to-dictation task assessed participants’ knowledge of the spelling of
target words presented in the production task, so that a spoken word would be
entered in the analysis only if the participant knew its spelling.

At the beginning of the school year, all participating classes read and listened to
specially prepared texts containing one occurrence of each of the target words nec-
essary for the production task, during a normal teaching session delivered by their
English language teacher. Preintervention assessments were conducted between
November and March. Then, after being allocated to the EPGC or PE groups
(see Randomization, above), the eight entire classes received a one-hour teaching
session during a normal English language session in their classroom in mid-
April. The posttest assessment took place between May and June. The study ended
with a debrief session held by the Bassetti for all teachers and students at each school
outside of teaching hours, where the project and its findings were presented and
discussed. Since the posttest revealed no effects of the intervention, and because
teachers were unwilling to give up one hour of teaching at the end of the year,
we did not administer a planned delayed posttest and did not deliver the EPGC
intervention to the PE group, which we had planned for ethical reasons (see
Connolly et al., 2017).

Intervention

Both EPGC and PE groups received a one-hour session, delivered by the same
teacher, with similar structure and tasks, and crucially practiced the same
English words, with the same amount of spoken and written input and practice.
The difference was that the experimental EGPC group learnt about the GPCs of
English consonant and vowel digraphs; the PE control group learnt about
English word formation. The control condition was included for three reasons:
(1) to prevent participants from guessing the purposes of the intervention, (2) to
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avoid placebo or demand effects, and (3) to provide all participants with the same
amount of exposure to the target English words.

Both EGPC and PE conditions included personal reflection, explicit teaching,
and practice, and addressed both perception and production training, using oral
and written input, as detailed below. Each learning set started with an activity aimed
at reflecting on a phenomenon, followed by an explicit instruction mini-lecture
about the phenomenon, followed by a teacher-led group activity, worksheet-based
pair work, and a final group production task. The aim was to make students reflect,
provide explicit teaching, and then practice.

For each group, a set of 22 PowerPoint slides and a handout were prepared.
Preintervention lesson materials and intervention materials are available at
https://osf.io/eubpz and www.iris-database.org.

Instruction in the two conditions
EGPC condition. Students worked on the relationship between digraphs and sound
length, looking first at consonants then at vowels. In both parts, there were three
components: reflection (individual reflection and/or group discussion aimed at
awareness training), explicit teaching, and practice (worksheet-based pair work
and/or teacher-led group production task including speech imitation).

In the first part, titled “Double letters in English orthography and pronuncia-
tion,” the first task allowed students to reason on the discrepancy between the
homophony of the words finish and Finnish and their different spellings: students
first listened to a recording of [fɪnɪʃ] and spelled it, then listened to two sentences
containing the word finish and Finnish, respectively, and spelled the two words. In
the explicit teaching part, the Bassetti explained that double consonant letters do not
represent long consonants in English. In the practice part, there was a teacher-led
group production task of 40 CC-words of increasing length (3 to 20 letters, e.g., ill,
immunohistochemistry) that used a produce-listen-repeat format whereby students
read the word aloud, listened to a native speaker while noticing the difference with
their own pronunciation, then repeated the word. Finally, there was group discus-
sion of the girls band name Girls aloud, a pun on girls allowed.

The second part followed a similar structure to direct participants’ attention to
the relationship between vowel spelling and vowel duration: reflection (listening to
two sentences containing the words ship and sheep, respectively, and spelling the
two words; then listening to homophones such as cede-seed and rose-rows while see-
ing their spellings); explicit teaching of the relation between “long” vowels and
vowel digraphs (including <e_e> or “silent e”); practice (group production of
20 words containing vowel digraphs with produce-listen-repeat format).

Finally, students practiced consonants and vowels with a homophone-matching
task: working in pairs, they were asked to strike through homophones from a word
cloud containing 22 C-CC and V-VV orthographic minimal word pairs (e.g., ana-
lyst-annalist, lode-load; some student pairs did not complete the task due to time
constraints). Then, the students produced the 44 words in a pronounce-listen-repeat
group activity.

PE condition. Students practiced the same words using the same produce-listen-
repeat tasks as the EPGC group, but with no mention of spelling, as students worked

Applied Psycholinguistics 11

Downloaded from https://www.cambridge.org/core, subject to the Cambridge Core terms of use.

https://osf.io/eubpz
http://www.iris-database.org
https://www.cambridge.org/core


on English derivation and word-formation (in order to create meaningful activities,
a small number of words were replaced with others containing the same GPCs, e.g.,
annual instead of annalist). Students reflected on the structure of derived words,
then were taught about morpheme and suffixes, then practiced the same words
as the intervention group in a word-decomposition and a word-building task
(e.g., decomposing rosy into rose-y, matching ill with -ness to make illness), and
finally they produced these words in a pronounce-listen-repeat group activity.

Data analysis
In the acoustic analysis, in order to extract the duration of each target sound pro-
duced in the delayed word repetition task, we followed the procedure outlined in
Bassetti et al. (2020). Praat software was used (Boersma & Weenink, 2016), follow-
ing standard criteria (Turk et al., 2006). Three expert phoneticians performed the
analysis (interclass correlation in 5% of the data from .97 to .98, all ps< .001)

To summarize, consonant duration was measured as the duration of closure
(Esposito & Di Benedetto, 1999), while vowel duration was considered from the
onset to the cessation of a clear formant pattern, especially relying on F2. For each
target, the average duration was calculated as the mean of three repetitions. The
measure used in statistical analysis was a long-sound-to-short-sound ratio calcu-
lated from each word pair (CC:C ratio for consonants, VV:V ratio for vowels).

Statistical analyses were run in R version 3.5.0 (R Core Team, 2018) with RStudio
version 1.1.453 (RStudio Team, 2018) and the following packages: doBy (Højsgaard
& Halekoh, 2016), ggplot2 (Wickham, 2009), lme4 (Bates, Mächler, et al., 2015),
lmerTest (Kuznetsova et al., 2017), Publish (Gerds & Ozenne, 2018), RePsychLing
(Bates, Kliegl, et al., 2015), Rmisc (Rmisc, 2013), and scales (Wickham, 2016).
Data preparation and model construction followed similar procedures as in
Bassetti et al. (2020).

Delayed word repetition

Out of the total 3,480 word tokens presented in the pretest to the 87 participants
included in the analysis, 308 were not produced or not analyzable acoustically, and
376 were eliminated because the participants spelled them incorrectly in the spell-
ing-to-dictation task. Considering the posttest data set, 180 word tokens were not
produced or were not analyzable acoustically, while 409 were eliminated due to
being spelled incorrectly.

After calculating long-sound-to-short-sound ratios from each word pair, outliers
(top and bottom 1% of ratios from each condition and time of testing) were
removed (2.13% of the data). In order to compare the same quantity and type of
word pairs produced before and after the intervention, we selected from the clean
data only C-CC and V-VV pairs that were produced by the same participant at pre-
test and posttest, discarding those pairs that were produced only on one occasion
(111 C-CC trials, 101 V-VV trials). The final data set consisted of 1202 C-CC and
886 V-VV pairs. Ratios were log-transformed due to positive skew.

Two linear mixed models were used to analyze the effects of the teaching inter-
vention on consonant duration ratios and vowel duration ratios using lmer function
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in the lmerTest package. The initial model included fixed effects for condition
(EGPC versus PE), time of testing (pretest versus posttest) and their interaction.
Maximal random structure was initially tested for the two models by including
by-participant and by-item random intercepts and slopes. Due to failure of conver-
gence or overfitting, random components were simplified examining the summary
of the rePCA function in the RePsychLing package (Bates, Kliegl, et al., 2015).

Once the random structure was established, significant predictors were selected
using the backward elimination procedure, excluding those fixed effects that failed
to reach significance in model comparisons through likelihood-ratio tests. In the
Results section, we report significant findings of the final models.

Rhyme judgment

Responses to consonant and vowel judgments (correct or incorrect) were analyzed
with two logit mixed-effects models with binomial distribution using the function
glmer in the lmerTest package. The initial maximal models included fixed effects for
condition (EGPC versus PE), time of testing (pretest versus posttest), type of rhyme
(control or C-CC/V-VV rhyme), and their interactions. Rhyming and nonrhyming
control items were grouped into a unique control category. As in the models for
production duration ratios, maximal random effect structure was initially tested.
Fixed and random effect reduction followed the same procedure described above
for the delayed word repetition task.

Results
Consonants: Duration and awareness

Table 2 presents descriptive results by condition and time of testing in the delayed
word repetition task and by condition, time of testing, and type of rhyme in the
rhyme judgment task (a ratio of 1 shows that the consonant has the same duration
in both words in a pair; a higher ratio shows that the consonant has longer duration
in the word spelled with double letters than in the corresponding word spelled with
a single letter).

Table 2. Geometric means and 95% CIs for CC:C ratios and consonant awareness accuracy (percent
correct) by condition (Explicit GPC, Passive Exposure) and time of testing (pretest, posttest)

EGPC PE

Mean 95% CIs Mean 95% CIs

Delayed word repetition CC:C ratio Pretest 1.53 [1.48; 1.58] 1.56 [1.51; 1.61]

Posttest 1.45 [1.41; 1.50] 1.53 [1.49; 1.58]

Rhyme judgment Accuracy (%) Pretest C-CC pair 64 [60; 68] 54 [49; 58]

Control pair 74 [71; 77] 71 [68; 73]

Posttest C-CC pair 64 [60; 68] 53 [49; 58]

Control pair 78 [75; 80] 74 [71; 76]
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Table 3A presents the parameters of the final model on CC:C duration ratio.
The model retained as random effects by-participant and by-word pair intercepts.
Even though the CC:C ratio descriptively decreased on the posttest for the EPGC
condition, time of testing was the unique fixed effect that improved the model fit.
This result suggested that the CC:C ratio decreased at posttest but independently
from the intervention. Crucially, the condition × time interaction was not signifi-
cant, showing that the type of intervention had no effect.2

Looking at the consonant awareness results, the final model for accuracy
(Table 3B) included as random effects the intercepts for participants and word pairs
and a by-participant random slope for type of rhyme. Fixed effects that added sig-
nificant information to the model were the main effect of condition, type of rhyme
and time of testing. Overall, accuracy was higher for the EPGC participants than the
PE participants, and C-CC rhymes elicited more errors than control rhymes.
Regarding the difference between time of testing, the accuracy rate was higher at
posttest than at pretest, but independently from the intervention. Interestingly,

Table 3. Results of final models for the CC:C ratio in the delayed word repetition task (A) and for accuracy
in the consonant rhyme judgment task (B)

Consonant analyses

A. Delayed word repetition – CC:C ratio

Random effects Variance St. dev.

Participants 0.016 0.127

Word pairs 0.008 0.082

Residuals 0.057 0.238

Fixed effects Estimate SE 95%CI t p

Intercept 0.427 0.025 [0.378; 0.476] 17.08 < .001

Time (Posttest – Pretest) –0.033 –0.137 [–0.060; –0.006] –2.38 .018

B. Rhyme judgment – Accuracy

Random effects Variance St. dev. Corr

Participants 0.593 0.770

Type of rhyme|Participants 1.297 1.129 –0.60

Word pairs 0.953 0.976

Fixed effects Estimate SE 95% CI z p

Intercept 1.013 0.229 [0.565; 1.462] 4.43 < .001

Type of rhyme (C-CC – control) –0.724 0.366 [–1.441; –0.007] –1.98 .048

Condition (EGPC – PE) 0.412 0.150 [0.119; 0.706] 2.75 .006

Time (Posttest – Pretest) 0.255 0.086 [0.086; 0.423] 2.96 .003

Type of rhyme (C-CC – control)*Time
(Posttest – Pretest)

0.264 0.138 [–0.534; –0.007] –1.91 .057
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the interaction between type of rhyme and time of testing added information to the
model, approaching significance. This interaction indicated that at posttest EPGC
and PE participants improved in accuracy with control pairs (pairwise comparisons
on estimated marginal means: zpre-post= −3.27, p= .001), but did not improve with
target C-CC pairs (zpre-post= 0.09, p= .932). Both EPGC and PE participants were
more accurate with control pairs than C-CC pairs at both pretest (zcontrol-target=
1.98, p= .048) and posttest (zcontrol-target= 2.50, p= .012)3.

Vowels: Duration and awareness

Table 4 presents descriptive results by condition and time of testing in the delayed
word repetition task and by condition, time of testing and type of rhyme in the
rhyme judgment task.

As reported in Table 5A, the final model for VV:V ratio retained as random effect
the by-word pair random intercept. As fixed effect, only condition proved signifi-
cant, showing that the VV:V ratio was higher in the EPGC participants than the PE
participants. No condition x time interaction was retained in the model, showing
that the type of intervention had no effect.

Looking at the vowel awareness results, the final model (Table 5B) that best
explained the likelihood of a correct answer retained as random effects by-
participant and by-word pair intercepts and the by-participant random slope for
Type of rhyme. The fixed effects that added information to the model were
Type of rhyme and Time of testing. Again, responses to control pairs were more
likely to be correct than responses to V-VV rhymes, independently from the time
of testing. Furthermore, posttest responses were more accurate than pretest
responses, but independently from the intervention.

Discussion
We aimed to see whether an explicit intervention that targeted the pronunciation of
English single and double consonant and vowel graphemes would reduce

Table 4. Geometric means and 95% CIs for VV:V ratios and vowel awareness accuracy (percent correct) by
condition (explicit GPC, passive exposure) and time of testing (pretest, posttest)

EGPC PE

Mean 95% CIs Mean 95% CIs

Delayed word repetition VV:V
ratio

Pretest 1.07 [1.04;1.10] 1.05 [1.02;1.09]

Posttest 1.09 [1.06;1.13] 1.03 [1.00;1.06]

Rhyme judgment Accuracy (%) Pretest V-VV rhyme 63 [59; 67] 56 [52; 60]

Control
rhyme

82 [79; 84] 80 [77; 82]

Posttest V-VV rhyme 66 [62; 70] 59 [55; 63]

Control
rhyme

85 [82; 87] 84 [82; 86]
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orthographic effects in Italian learners of L2 English. Previous literature has dem-
onstrated that Italian learners of English produce and perceive consonants and vow-
els as longer in duration when they are spelled with double letters than single letters,
in line with Italian GPCs. Results of the current study revealed that the intervention
did not eliminate or even reduce the orthographic effects on either sound duration
in speech production or awareness of sound length. Indeed, on the postintervention
test, students in the explicit GPC (EGPC) intervention condition did not differ from
participants in the passive exposure (PE) condition who had practiced the same
words for the same amount of time with no GPC instruction.

Looking at consonants first, on the posttest, the EPGC and PE participants did
not differ in a measure of gemination in speech production—geminate:singleton
ratio—or in a measure of awareness that English does not make consonant length
contrasts—accuracy in a rhyme judgement task. Regardless of time of testing, the
geminate:singleton ratio was around 1.5 in both EGPC and PE groups, which is in
line with previous studies of gemination in Italian high school learners of English
(Bassetti, 2017; Bassetti et al., 2018). Also, on the posttest, the percentage of correct
responses to CC-C rhymes was around 60%, compared with around 75% for control
rhymes, in line with pretest results previously reported (Bassetti et al., 2020).

The speech production task results confirm that even after a targeted GPC train-
ing intervention, Italians produce geminates in English words in correspondence

Table 5. Results of final models for the VV:V ratio in the delayed word repetition task (A), and for accuracy
in the vowel rhyme judgment task (B)

Vowel analyses

A. Delayed word repetition – VV:V ratio

Random effects Variance St. dev.

Word pairs 0.012 0.108

Residuals 0.037 0.123

Fixed effects Estimate SE 95%CI t p

Intercept 0.038 0.026 [–0.013; 0.089] 1.45 ns

Condition (EGPC – PE) 0.045 0.013 [0.019; 0.070] 3.41 <.001

B. Rhyme judgment – Accuracy

Random effects Variance St. dev. Corr

Participants 0.545 0.738

Type of rhyme|Participants 0.176 0.420 0.34

Word pairs 1.198 1.094

Fixed effects Estimate SE 95%CI z p

Intercept 1.985 0.246 [1.501; 2.470] 8.03 < .001

Type of rhyme (C-CC – control) –1.551 0.398 [–2.331; –0.770] –3.89 < .001

Time (Posttest – Pretest) 0.259 0.067 [0.128; 0.394] 3.39 < .001
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with double consonant letters. Such results confirm and extend previous findings
that orthography-induced consonant gemination in ItalianL1 speakers of
EnglishL2 is persistent. Previous studies found that it is not eliminated by extensive
exposure in a target-language environment (Bassetti et al., 2018; Bassetti et al., 2020;
Bassetti et al., 2021), although the same exposure can reduce other non-native like
timing aspects of L2 speech production that are not reinforced by orthography
(Mairano et al., 2018).

Furthermore, the metalinguistic awareness task results extend such findings—
that orthographic effects on L2 phonology are persistent—from speech production
to metalinguistic awareness. The absence of effects of training on metalinguistic
awareness is perhaps more surprising than the absence of effects on speech produc-
tion. Since a short GPC training intervention can positively impact speech percep-
tion and production in a novel language, it should have impacted at least
participants’ awareness that English has no consonantal length. If there is no
improvement in a metalinguistic awareness task, it is unlikely that there could be
effects on production tasks, where a number of variables compete for limited cog-
nitive resources, and indeed research shows that phonetic training interventions
impact controlled production more than spontaneous production because learners
can focus on pronunciation more (Liu, 2011; Saito, 2012).

The reasons for the persistence of orthography-induced L2 gemination are cur-
rently unknown, but Bassetti, 2022) proposed a number of nonmutually-exclusive
explanations, arguing that gemination, established in the mental representation of
an EnglishL2 word during word learning (Cerni et al., 2019), could be reinforced by a
series of factors:

(1) Further encounters with the word’s orthographic form, which Italians recode
as containing a geminate because their set of EnglishL2 GPC rules features a
<CC>-/Cː/ rule;

(2) Orthography-induced gemination in the spoken word produced by Italian
and other EnglishL2 speakers whose L1 has gemination; and in the L2 speak-
er’s own output, including overt speech, inner speech, and silent reading;

(3) Gemination in the L2 listener’s intake of EnglishL1 production—Italians illu-
sorily perceive a geminate in a spoken word if their own mental representa-
tion of the word contains a geminate (Bassetti et al., 2021);

(4) Lack of negative evidence—nontarget-like consonant duration does not
result in communication breakdown, hence not resulting in interlocutor
feedback or noticing the gap between one’s own and others’ production;

(5) Incorrectly applying the generally successful strategy of ignoring one’s own
perception of two L2 sounds as similar when the L2 spelling represents the
sounds as different ones (for instance, when perceiving two EnglishL2 vowels
as the same vowel, see Escudero et al., 2008);

(6) Other corroborating evidence: nonlexical gemination in English native
speech (as in top pick vs topic); gemination in English loanwords to
Italian (although the relationship between loanwords and L2 phonology is
unclear).
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These explanations suggest that gemination production is due to gemination per-
ception, following the assumption that perception and production coevolve, as pro-
posed by the SLM-r model (Flege & Bohn, 2021). Future research could test their
validity.

Looking at the findings for vowels, on the posttest, the EPGC and PE participants
did not differ in either VV:V ratio or accuracy in the rhyme judgment task.
Regardless of time of testing, the VV:V ratio was higher than one in both groups,
although it was below the 1.10 ratio for vowels previously reported in sequential
bilinguals (Bassetti et al., 2018) and the 1.14 ratio previously reported in high-school
learners (Bassetti & Atkinson, 2015). This could be because some learners do not
distinguish English tense and lax vowels, and therefore do not use vowel duration to
distinguish them. The percentage of correct responses to V-VV rhymes was lower
than for control rhymes at both pretest and posttest, but unlike the case with con-
sonants, EPGC and PE participants displayed very similar levels of improvement in
V-VV rhymes and control rhymes. This shows that the type of instruction had no
effect, but all participants had increased their knowledge of the pronunciation of the
specific words being tested, including both targets and controls.

While participants, regardless of type of intervention, showed no change in the
percentage of correct responses to rhymes containing a C-word and a CC-word or
in the production of CC consonants, there was an overall effect of time of testing
on the other types of words tested in the metalinguistic awareness task, as both
EPGC and PE participants showed a small but significant increase in the percentage
of correct responses to control pairs and to V-VV pairs. This means that participants
overall improved their pronunciation of the words they produced and reflected about
in these tasks, which can be explained partly because participants improved their
English vocabulary and pronunciation over the few months’ duration of this project,
and probably more because they performed the same task with the same words twice.

The findings indicate that a targeted intervention cannot eliminate or even
reduce orthographic effects on the production of geminates in English, and on
the awareness that English does not have consonant length contrasts. The findings
resonate with other studies that demonstrate pervasive effects of early learned GPCs
in monolingual English-speaking children (Henbest & Apel, 2017). In a demonstra-
tion of the long-lasting influence of explicit GPC (phonics) instruction, Thompson
et al. (2009) carried out a study with English-speaking adults who in the first year of
school had received either phonics instruction or whole-language (no or minimal
GPC) instruction. The two groups of adults had comparable levels of sight word
reading ability and word-naming times, but in reading nonwords and low-
frequency words, the phonics group produced much higher levels of regular decod-
ing (and fewer rime-consistent) responses. Adults in this group were also much bet-
ter at providing letter sounds and in phonemic awareness tasks (phoneme counting)
than the whole-language group. In our study, we found that we were not able to
eliminate orthography-induced effects on second language phonology. We should
perhaps not be surprised, in light of the previous evidence showing pervasive and
long-lasting effects of early learned orthography–phonology connections.

It appears that, although even minimal training can facilitate the perception of
consonant length in a novel language (Hisagi & Strange, 2011; Porretta & Tucker,
2015), a one-hour teaching intervention cannot counteract orthographic effects and
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might not help unlearn the singleton-geminate distinction (even though it can
counteract L1 phonological effects and help learn the singleton-geminate
distinction).

It is, however, too early to rule out the possibility that interventions impact
orthographic effects on L2 phonology, due to a number of limitations of this study.
First of all, participants were learners with 10 years’ experience of studying English
in an instructed context. Though this was programmatic, as a reaction toward the
excessive amount of research on orthographic effects in novel language learners,
training may facilitate beginning learners more than advanced learners, whose
non-target-like phonological representations of English words and knowledge of
English GPCs have been established over a decade. Indeed there is evidence that
phonetic training interventions can be more successful at the beginner level than
at later stages (B. Lee et al., 2020; Sakai & Moorman, 2018). Future research could
then try a GPC training intervention in beginner L2 learners (as opposed to the
present experienced L2 learners and users).

A second limitation of the study involves the fact that a single researcher deliv-
ered the instruction to all the groups who took part. To be completely confident that
the intervention does not work, it would be necessary for the intervention to be
delivered by multiple instructors to avoid the results being influenced by the com-
petence of a single instructor.

Arguably the main limitation of the study was the limited amount of time dedi-
cated to the intervention. Originally, two one-hour sessions had been planned, one
for consonants and one for vowels. However, this became impossible due to schools’
opposition when a series of strikes and holidays meant that no more time could be
devoted to the experiment without damaging the students’ ability to complete the
program of the year. Yet, evidence of the effects of intervention duration is incon-
sistent, as two meta-analyses reported opposite findings, as outlined above. Future
research could then investigate effects of a longer intervention, possibly using the
same instructional materials prepared in this study.

This study is the first, to the best of our knowledge, to have included an inter-
vention aimed at reducing orthographic effects on L2 phonology. The sample size
was larger than in most typical studies of phonetic interventions; it was strength-
ened by having a group that was exposed to the same words for the same amount of
time, but without the explicit GPC teaching, and it involved randomized allocation
of matched classrooms that ensured control for the effects of language teacher and
teaching. Finally, the blinding of the researchers who delivered postintervention
assessments, and who conducted acoustic and statistical analyses, contributed to
the soundness of the analyses.

The methodological contributions of the study include the fact that the null
results reported address the concern, expressed by Torgerson and Torgerson
(2013) and others, regarding the bias toward publication of intervention studies
reporting significant effects. The study also showed that delayed word repetition
and rhyme judgment tasks, developed by Bassetti (2017) and Bassetti et al.
(2020), can reliably measure effects of number of letters on both L2 production
and phonological awareness. All the tasks used in the study, together with the inter-
vention materials, are available to researchers and teachers (see Procedure, materi-
als, and tasks section).
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Conclusions and pedagogical implications
The aim of this study was to test the effects of explicit teaching of orthography-
phonology correspondences on production and awareness of consonants and vow-
els in second language learners. The results showed that the intervention did not
reduce orthographic effects on L2 speech production or awareness. The nonsignifi-
cant results cannot be attributed to sample size, which was larger than is typical of
L2 pronunciation teaching intervention studies, or to the duration of the interven-
tion, which was similar to previous successful pronunciation teaching interventions
such as those of B. Lee and colleagues (2020). It appears that explicit instruction in
orthography-phonology correspondences does not reduce the impact of orthogra-
phy on second language pronunciation and phonological awareness. These findings
confirm that orthographic effects on L2 phonology, once established, are resistant to
change. However, more research is needed, and future studies could increase the
duration of the intervention, or try other pedagogical techniques, and target begin-
ner students.
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Notes
1 The CONSORT (Consolidated Standards of Reporting Trials) Statement is a set of recommendations for
reporting randomized trials, including a flow diagram template (www.consort-statement.org/consort-
statement/flow-diagram).
2 Since randomization to the EGPC and PE intervention conditions was carried out on the basis of whole
classes, we also analyzed the delayed repetition data using two separate t-tests, one for the consonant results
and one for the vowel results. The data comprised the mean score across participants in each class for the
ratio change from pretest to posttest. The results revealed that the difference between the EPGC and PE
conditions was not significant for either consonants or vowels (t(3)= 1.41, p= .254, and t(3)= 0.68,
p= .545, respectively).
3 As in the case of the delayed repetition data, we analyzed the awareness data in terms of whole classes
using two separate t-tests, one for consonants and one for vowels. Data comprised the mean score across
participants in each class for accuracy rate on target stimuli change from pretest to posttest. The results
revealed that the difference between the EPGC and PE conditions was not significant for either consonants
or vowels (t(3)=−0.24, p= .828, and t(3)=−0.36, p= .740, respectively).
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