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Abstract

This study analyses the longitudinal relationship between early inhibitory con-
trol skills and subsequent emergent literacy. At Time 1, a sample of 50 typically
monolingual Italian toddlers aged 28 to 36 months in their last year of day-care was
assessed on expressive vocabulary and two inhibitory control measures, tapping
specifically response inhibition and interference suppression. At Time 2, during the
preschool years, children aged 49 to 72 months were re-assessed on a battery of
emergent literacy tasks including three phonological awareness tasks and an ortho-
graphic knowledge task. The results of the hierarchical linear regression analyses
suggest that interference suppression evaluated at Time 1 is a key process in the
acquisition and construction of both phonological awareness and early orthographic
knowledge, even when children’s early expressive vocabulary was included in the
analyses. Unlike previous studies, the present study included very young children,
thus allowing us to explore the developmental antecedents of two important precur-
sors of reading and writing abilities.

Keywords Inhibitory control - Emergent literacy - Interference suppression -
Phonologicalawareness - Orthographic knowledge

Although literature has broadly recognized the critical role of the executive func-
tions (EF) in explaining the individual differences in pre-academic skills (Becker,
Miao, Duncan, & McClelland, 2014; Kegel & Bus, 2014), relatively little is known
about very early precursors of both math and literacy abilities before entering school
(Shaul & Schwartz, 2014). In particular, there is a lack of knowledge about the role
of early inhibitory control skills, that are the first executive processes that develop
(Gandolfi, Viterbori, Traverso, & Usai, 2014), in explaining subsequent emergent lit-
eracy precursors. The current study aims to investigate the longitudinal relationship
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between early inhibitory control skills, assessed in typically developing children in
the third year of life, and subsequent emergent literacy, assessed between the ages of
4 and 6. In particular, it explores whether early expressive vocabulary and inhibitory
control abilities, namely response inhibition and interference suppression, are longi-
tudinally associated with phonological awareness and early orthographic knowledge
skills before the beginning of primary school. To our knowledge, no studies have
investigated the role of different inhibitory control processes, assessed in children
within age three, in predicting subsequent emergent literacy abilities.

Inhibitory control in early childhood

Inhibitory control is a central component of EF that is a set of interrelated cognitive
processes that regulate one’s thoughts and behaviors (Miyake & Friedman, 2012).
Regarding EF developmental paths, previous studies agreed in considering a single
undifferentiated EF factor the most appropriate to describe the latent structure in
young children (Hughes, Ensor, Wilson, & Graham, 2009; Wiebe et al., 2011). The
two factor model seemed to show the best fit in preschool and early school years
(Usai, Viterbori, Traverso, & De Franchis, 2014), whereas the tripartite organiza-
tion, including inhibition, updating and shifting, is not attained before middle child-
hood (Lehto, Juujirvi, Kooistra, & Pulkkinen, 2003).

Inhibitory control is the first EF component that develops (see Diamond, 2013);
it emerges in the first year of life and develops throughout infancy and childhood,
allowing children to progressively control their behavior. Recently, inhibitory con-
trol has been conceptualized as a set of sub-functions rather than a unique individ-
ual ability, already in early preschool years (Traverso, Viterbori, Malagoli, & Usai,
2020). Nevertheless, research on the structure and the latent organization of inhibi-
tory control in childhood provided mixed results (Petersen, Hoyniak, McQuillan,
Bates, & Staples, 2016). Several studies have identified in toddlers and preschool-
age children two separate inhibitory components, namely delay inhibition and con-
flict inhibition (Carlson & Moses, 2001; Diamond, Prevor, Callender, & Druin,
1997). The former is defined as the ability to suppress or delay a prepotent response
(Kochanska, Murray, & Harlan, 2000), whereas the latter refers to the ability to
inhibit an automatic response and to execute a novel, conflicting response (Martin-
Rhee & Bialystok, 2008). Similarly, Gandolfi et al. (2014) have identified two inhib-
itory control components that emerge by approximately three years of age, response
inhibition and interference suppression. Response inhibition refers to the ability to
suppress a dominant but inappropriate response in order to display a weaker but
more adequate one. Interference suppression develops later than response inhibition
and involves the ability to suppress interfering information and to select the piece
of information one has to respond to. In particular, according to Bunge, Dudukovic,
Thomason, Vaidya and Gabrieli (2002), in response inhibition tasks children have
to deal with the conflict between two response options to the same stimulus (e.g.,
in the Circle Drawing task children must control their impulsive motor response to
slow down their performance when they are tracing the circle), whereas in interfer-
ence suppression tasks children must filter out information by managing the conflict
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between several misleading and interfering features of a complex stimulus (e.g., in
the Fish task children must respond to a central target flanked by interfering stimuli
that need to be suppressed in order to accomplish the task).

The separability of the inhibitory control construct into response inhibition and
interference suppression components have been recently found also in toddlers
(Gandolfi & Viterbori, 2020; but Usai, Viterbori, Gandolfi & Zanobini, 2020) and
in preschool children (Traverso, Fontana, Usai, & Passolunghi, 2018). However, this
type of organization is not universally accepted (Joyce et al., 2016). Therefore, given
the sparse literature about the organization of inhibitory skills in young children,
further research is needed to reveal a general developmental path.

Emergent literacy

Reading and writing abilities require the coordination of a number of component
skills that vary in their cognitive complexity (Purpura, Schmitt, & Ganley, 2017) and
develop over many years before reading and writing themselves emerge. Among the
wide range of predictors of literacy, the phonological processing skills, such as rapid
automatized naming, phonological short-term memory and phonological awareness,
are the most studied (Castles & Coltheart, 2004; Peterson et al., 2018). Nevertheless,
there is further evidence that reading and writing skills are affected also by other
abilities, such as orthographic knowledge (Conrad, Harris, & Williams, 2013; Shaul
& Schwartz, 2014).

Concerning the phonological processing precursors, the rapid automatized nam-
ing, that is assessed by tasks that require to quickly name a series of non-alpha-
betic stimuli (e.g., pictured familiar objects), involves several cognitive and linguis-
tic processes, such as attention to the stimuli, visual discrimination, integration of
visual information with stored orthographic and phonological representation, lexical
access and retrieval, and organization of articulatory input (Wolf & Bowers, 1999).
Although rapid automatized naming has been broadly considered as the best predic-
tor of reading (Kirby, Desrochers, Roth, & Lai, 2008), the meta-analysis of Aratjo,
Reis, Petersson, and Faisca (2015) revealed mixed results across the studies caused
mainly by differences in the assessment methods of rapid automatized naming, par-
ticipants’ reading performance and age ranges. More recently, some authors also
found a bidirectional relationship between literacy and oral language skills, showing
an effect of earlier literacy on later rapid automatized naming, especially in the first
phase of literacy development (Peterson et al., 2018).

Phonological short-term memory has also been found to be related with reading
(de Jong & Van der Leij, 1999) and, to a lesser extent, with spelling skills (Plaza &
Cohen, 2007). Phonological short-term memory allows to briefly maintain verbal
information to conscious awareness and plays a critical role in decoding develop-
ment because it enables to retain the order of the phonemes until these are blended
into a word for pronunciation (Biname & Poncelet, 2016).

Phonological awareness refers to the ability to attend to, isolate, and manip-
ulate the sound structure of oral language (Wagner, Torgesen, Rashotte, &
Pearson, 1999). More specifically, it can be considered “the ability to detect,
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manipulate, or analyze the auditory aspects of spoken language (including the
ability to distinguish segment words, syllables, or phonemes), independent of
meaning” (Lonigan & Shanahan, 2009, p. 3). Research demonstrates a pro-
gression in the order in which children acquire phonological awareness, such
that awareness of larger speech segments (words, syllables) precedes aware-
ness of smaller segments (onset-rimes, phonemes) (Goswami, 1999; Schuele &
Boudreau, 2008). Knowledge about syllables, onsets and rhymes had been found
in pre-reading children in many languages, whereas phoneme awareness seems
largely a consequence of reading instructions (Goswami & Bryant, 2016).

A great number of studies have demonstrated that phonological awareness is
a strong predictor of reading and writing across languages, regardless of their
orthographic consistency (Castles & Coltheart, 2004; Lonigan, Burgess, &
Anthony, 2000). Lonigan et al. (2000) demonstrated that phonological aware-
ness, compared to many other predictors, was the most stable and robust indica-
tor of subsequent reading in children who were followed from late preschool
into kindergarten and first grade. Regarding writing, Caravolas, Hulme, and
Snowling (2001) found that the awareness of phonemic units correlated even
more strongly to spelling than reading.

Early orthographic knowledge refers to preschool children’s capacity to
graphically represent spoken language before they receive formal instruction in
writing and spelling. This ability typically begins when children represent lan-
guage by means of drawing or scribbling and gradually progresses to more con-
ventional writing, using letters to represent sounds that form words (Milburn
et al., 2017). It can be assessed through various tasks that explore how young
children map language into print, such as letter-sound recognition, letter-name
and letter-sound production, children’s name writing and invented spelling,
which refers to the attempts made by preliterate children to represent words in
print before receiving any formal instruction.

While phonological awareness is generally recognized to contribute to both
reading and writing (Caravolas et al., 2001), the contribution of orthographic
knowledge is less understood (Castles & Nation, 2006). Several studies showed
that orthographic knowledge contributed unique variance to reading ability, also
when phonological awareness was concurrently considered. Nevertheless, few
studies specifically address the contribution of orthographic knowledge to spell-
ing skills especially in preschool children (Caravolas et al., 2001; Ouellette &
Senechal, 2008). Conrad et al. (2013) found in school age children that ortho-
graphic knowledge made a separate and unique contribution to reading and
spelling concurrently considered, over and above the contribution of phonologi-
cal awareness skills.

As evidenced, phonological awareness and early orthographic knowledge can
be assessed before children are formally instructed to read and write. In fact,
as suggested by many authors, in literate societies young children are largely
exposed to a variety of literacy experiences and accumulate knowledge about
the written representation of oral language before primary school (Hooper et al.,
2020; Leseman & de Jong, 1998).
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Vocabulary and emergent literacy

Many studies indicate that oral language and reading abilities are closely associ-
ated (Lee, 2008; Poe, Burchinal, & Roberts, 2004) and a variety of oral language
abilities such as vocabulary, syntax and oral narrative skills have been found
to be critical for emergent literacy, particularly for the development of read-
ing skills (e.g., Dickinson, McCabe, Anastasopoulos, Peisner-Feinberg, & Poe,
2003; Whitehurst & Lonigan, 2001). As regards the relationship between oral
language and early literacy, many studies have found significant concurrent link-
ages between preschool children’s vocabulary skills and phonological awareness
(Lonigan et al., 2009; Suggate, Schaughency, McAnally, & Reese, 2018).

It has been broadly recognized that in very early stages of language develop-
ment, lexical acquisition is affected by productive phonological skills (Fasolo,
Majorano, & D’Odorico, 2008; Zanobini, Viterbori, & Saraceno, 2012), in fact
children’s first words are found to be composed of phonemes that are already pre-
sent in their bubbling (Goswami, 2000). However, several studies emphasized the
reciprocal relationship between phonological and lexical skills, that is especially
evident in older children (Curtin & Zamuner, 2014; Storkel & Morrisette, 2002;
Viterbori, Zanobini & Cozzani, 2018).

Lonigan (2007), for example, reporting the results of an intervention study
addressed to preschool children, found that vocabulary training resulted in a sig-
nificant growth in phonological awareness, whereas, conversely, a phonological
awareness intervention had no effect on vocabulary development. These results
support the hypothesis that vocabulary development sets the stage for phono-
logical awareness, as suggested for example by the Lexical Restructuring Model
(LRM; Metsala & Walley, 1998; Walley, Metsala, & Garlock, 2003). According
to this model, in early childhood, given the small number of words known by
children, fine-grained representations are not necessary to distinguish different
words; nevertheless, as children develop larger vocabularies, words with simi-
lar phonology increase and the lexicon must be represented more segmentally to
allow for differentiation among words.

Similarly, Sosa and Stoel-Gammon (2012) found in typical toddlers that lexical
factors influenced some phonological variables, suggesting that between the ages
of 2 and 2;5, children’s word production depends on whole word lexical represen-
tation rather than on categorical phonological representation. As a result, phono-
logical representations become more segmental as the lexicon grows. According
to the Lexical Restructuring Model, these results might suggest that in toddlers
and preschool children phonological and meta-phonological skills could be par-
ticularly involved when the lexical repertoire becomes broader enabling children
to distinguish words with similar sounds.

The role of vocabulary in orthographic knowledge is less clear. Some studies
have reported moderate correlations between the two (Otaiba et al., 2010; Kim
et al., 2011); nevertheless, Ouellette and Sénéchal (2008) found that vocabulary
was not related to children’s invented spelling once phonological awareness was
taken into consideration in a sample of kindergartners. Differently, Kim, Otaiba,
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Puranik, Folsom and Gruelich (2014), using structural equation modeling,
showed that receptive vocabulary was associated to both word reading and word
spelling after accounting for phonological awareness, alphabet knowledge and
letter writing automaticity.

Inhibitory control development and emergent literacy

Generally, inhibitory control skills, assessed in the preschool years, were found to be
associated to or predictive of early achievement, particularly emerging math skills
(Fuhs & McNeil, 2013; McClelland et al., 2007). As regards early literacy, sev-
eral studies have found a relationship between various emergent literacy skills and
composite or individual measures of inhibitory control, which was mainly assessed
with response inhibition tasks (Allan & Lonigan, 2011; Becker et al., 2014). One
of the most widely used inhibitory control task in this research field is Head-Toes-
Knees-Shoulders task (HTKS, McClelland et al., 2007) that is considered an aggre-
gate measure of behavioral self-regulation because requires to inhibit an automatic
behavioral response to perform a subdominant response. McClelland and colleagues
(2014) found in kindergarteners that the HTKS task was the most consistent predic-
tor of early literacy, particularly of developing decoding skills (assessed with let-
ter-word identification). Similarly, Montoya et al. (2019), in examining differential
contribution of verbal and visual short-term memory and inhibitory control on early
achievement in preschool-aged children, showed that the performance on HTKS
task was strongly associated with early decoding.

As specifically regards phonological awareness outcome, measured with rhym-
ing, blending, segmentation, elision, or substitution tasks (see Purpura et al., 2017;
Zhang et al., 2017), several studies demonstrated that the inhibitory control was a
significant predictor in preschoolers (Allan & Lonigan, 2011) even in language-
minority children (Lonigan, Lerner, Goodrich, Farrington, & Allan, 2016), with
some exceptions such as the study by Purpura, et al. (2017) in which inhibitory con-
trol was not predictive of phonological awareness. In this regard, Zhang et al. (2017)
found that inhibitory control assessed at the beginning of the school year was sig-
nificantly associated with the amount of growth in emergent literacy, such as let-
ter naming and letter-sound skills across the year; nevertheless no relation between
inhibitory control and the growth of phonological awareness measures were found.

As regards early orthographic skills, only a few studies have analyzed the role of
inhibitory control in emergent spelling abilities using writing tasks, such as word
dictation (Kegel & Bus, 2014), and invented spelling (Zhang et al., 2017). Kegel and
Bus (2014) found that in preschoolers emergent spelling was related to a Stroop-like
task, which requires to resolve a conflict between competing responses. Similarly,
Shaul and Schwartz (2014) showed that a composite measure of the HTKS and the
Statue test, which taps inhibition of prepotent motor response, significantly contrib-
uted to orthographic knowledge, also after controlling for naming speed and vocabu-
lary measures.

In summary, these results suggest a relationship between some emergent liter-
acy skills, particularly phonological awareness and orthographic knowledge, and
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inhibitory control assessed mainly by response inhibition measures. To our knowl-
edge, no studies have investigated the concurrent contribution of different inhibitory
control components to emergent literacy. An exception is represented by a recent
intervention study that found that a preschool training, that proved to be effective
on interference suppression, resulted in an improvement in orthographic knowledge
(Traverso, Viterbori, & Usai, 2019). These findings suggest that the ability to select
the right piece of information and resist the interference of irrelevant stimuli could
assist children in their attempts at translating spoken language into print.

The present study

Given the strong predictive and causal relations between emergent literacy abilities
and later reading and writing skills, it is important to identify the developmental
precursors of emergent literacy itself. Specifically, the present longitudinal study
is focused on the role of early inhibitory control skills in the development of both
phonological awareness and early orthographic knowledge. Unlike previous stud-
ies, both forms of inhibitory control—response inhibition and interference suppres-
sion—were considered in the present study; in addition, inhibitory control skills
were assessed at a very early stage, between the ages of 28 to 36 months, whereas
phonological awareness and early orthographic knowledge were evaluated between
4 and 6 years of age.

Given the role that oral language skills play in the development of reading and
writing precursors and abilities, vocabulary was considered as a predictor in addition
to inhibitory control skills. Based on previous literature we hypothesize that vocabu-
lary shows significant correlations with emergent literacy, mainly with phonologi-
cal awareness (see Lonigan et al., 2009). As regards the role of inhibitory control
skills, it is difficult to make hypotheses, since previous studies did not distinguish
clearly between the two types of inhibition accounting for emergent literacy. Never-
theless, we suggest that it is not only response inhibition that may assist children in
the development of emergent literacy. Interference suppression, which requires the
ability to address conflict from misleading features of the task, may play a special
role as well (see Traverso et al., 2019). In fact, in order to isolate and categorize the
sound structure of oral language, children have to focus on the similarities/differ-
ences of sounds and syllables, managing the interference from the meaning of the
words. Similarly, early attempts to represent words in print require children to match
sounds or syllables with written words resisting conflict from similar sounds, syl-
lables and letters.

Methods
Participants

A total of 52 typically developing children between the ages of 28 and 36 months
(M=30.19 months; SD=2.35; 52% females) from three different public day-care

@ Springer



E. Gandolfi et al.

centers were included in the first assessment of the longitudinal study (Time 1). Par-
ticipants were recruited at five public day-care centres serving families with a range
of socioeconomic backgrounds in a large town in North-western Italy. To be eligible
for the study, the children had to meet the following criteria: to be monolingual with
Italian as their main language, and to have no documented neurological, psychiatric
o developmental disorder. Due to their poor comprehension of Italian because of
their major exposure to languages other than Italian at home, two of the 52 chil-
dren who originally took part in the study were excluded from the statistical analy-
ses. The final sample included 50 children between the ages of 28 and 36 months
(M'=30.18 months; SD=2.38; 54% females).

The current research is part of a wider study that aimed to explore inhibitory con-
trol and language in day-care children and that foresaw an extended period of data
collection. Given that Time 1 data collection on the entire sample was carried in
two school years, Time 2 assessment enrolled a subsample of 30 children between
the ages of 49 and 59 months (M =53.87 months; SD=3.63; 60% females) tested at
Time 1 two years before, and a subsample of 20 children between the ages of 60 and
71 months (M =64.15 months; SD=3.57; 45% females) tested at Time 1 three years
before.

All the children who participated at the Time 2 assessment were recruited at three
public preschools located in different areas of the same town. The annual report
provided by the preschools showed that the school’s catchment area is represented
by families from different income levels and social background. Parents completed
an educational background checklist; mothers’ education ranged from 5 to 21 years
(M=15.56, SD=3.74); specifically, 6% of the mothers had completed middle school
education (8 years), 44% of the mothers had also completed high school education
(13 years), and 50% of the mothers also had a university degree. At both Time 1
and Time 2 assessments, the families were informed of the aims and the method
of the study and the parents who allowed their children to participate filled in the
parental informed consent form. This study was approved by the local Department
Ethical Committee and was carried out in accordance with the recommendations of
the Ethical Code of the Italian National Council of Psychologists and of the Ethical
guidelines of the Italian Association of Psychology.

Procedure

At Time 1 parents completed the Italian version of the parent-report questionnaire
MacArthur-Bates Communicative Development Inventory (CDI, Fenson, Dale,
Reznick, Thal, Bates, Hartung, Pethick, & Reilly, 1993) over a period of 10 days
and, at the same time, their children were individually administered two inhibitory
control tasks in a quiet room of their day-care centre. The assessments were carried
out by the researchers in a 20-min session. At Time 2 children were administered a
battery of four emergent literacy tasks assessing phonological awareness and early
orthographic knowledge skills. At Time 2 children were individually assessed by the
researchers in a quiet room of their pre-school in a single session lasting approxi-
mately 30 min.
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Time 1 measures
Language checklist

The Italian version of the MacArthur-Bates Communicative Development Inven-
tory (CDI, Fenson et al., 1993; PVB—II primo vocabolario del bambino; Caselli,
Pasqualetti, & Stefanini, 2007) was completed by the parents. We used the “Words
and Sentences” short form which is suitable for children aged 18 to 30 months and
includes a 100-word vocabulary checklist and two subscales to evaluate early gram-
matical skills and qualitative aspects of communication. For the present study we
considered the vocabulary checklist which includes a list of 100 words organized
into different categories, e.g., social words (10 onomatopoeia words, routine words
and people’s names), nouns (46 words about animals, vehicles, toys, food and drink,
clothing, body parts, small household items, furniture and rooms, outside things, and
places to go), predicates (21 words about verbs, adjectives, etc.), adverbs (5 words),
modal verbs (4 words) and function words (14 words about pronouns, question
words, prepositions and locations, quantifiers and articles, and connecting words). It
has been demonstrated that the CDI has adequate psychometric characteristics (see
Fenson, Marchman, Thal, Dale, & Reznick, 2007; Law & Roy, 2008); concerning
concurrent validity, moderate to strong correlations between parental reports and
spontaneous expressive vocabulary were found (Ring & Fenson, 2000). Regarding
the Italian version of the “Words and Sentences” short form used for the purpose of
this study, the concurrent validity was demonstrated in relation to an Italian stand-
ardized task testing lexical comprehension and production which was found to be
significantly correlated with the CDI expressive vocabulary size (r=0.526, Bello,
Giannantoni, Pettinati, Stefanini, & Caselli, 2012). In the present study the score
represents the expressive vocabulary that is the number of lexical items produced by
the child (expected range: 0-100).

Inhibitory control measures

The following tasks were employed to assess two different inhibitory control abili-
ties, such as the ability to inhibit a dominant response (response inhibition) and the
ability to manage the interference among conflicting characteristics of the stimuli
(interference suppression).

The Circle Drawing task is a standardized task (Usai, Traverso, Gandolfi, & Vit-
erbori, 2017) that was used to assess the ability to inhibit an on-going response. The
child is required to move two different puppets on al7-cm diameter circle drawn
on a cardboard square. In the first neutral phase of the task, the child is instructed
to move a boy-puppet along the circle, whereas in the second phase the child is
required to move a turtle-puppet along the circle as slowly as he/she can, like a tur-
tle. The score is calculated as the proportion of the slowdown to the total time using
the following formula: 72 —T1/T1+ T2, where T1 is the amount of time needed to
move the boy-puppet along the circle and 72 is the amount of time needed to move
the turtle-puppet along the circle. This task has been used to assess inhibition in both
adults and children (Geurts, Vert, Oosterlaan, Roeyers, & Sergeant, 2005; Usai et al.,
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2014). Concerning validity, the Circle Drawing task has been shown as a significant
predictor of inhibition latent factor in preschool children (Usai et al., 2014); the con-
current validity, that was calculated by correlating the Circle Drawing task scores
with widespread response inhibition measures, has been demonstrated for many of
them, such as the Matching familiar figure task (r=. 326, Traverso, Mantini, Usai,
& Viterbori, 2016). The test-retest reliability coefficient was calculated on a sample
of 43 five-year-olds, who had been assessed twice in a previous study by Traverso,
Viterbori, and Usai (2015). The Pearson correlation coefficient was 0.57.

The Fish task is a standardized task (Usai et al., 2017) and it is an adaptation of
the well-known paradigm used to evaluate the ability to inhibit visual interference
(Eriksen & Eriksen, 1974). We used the 24-to 36-month standardized paper version
of the task (Usai et al., 2017) in which each child is required to indicate in which
direction a blue, centrally located target fish is oriented, by pointing to the fish food
located on the left or on the right side of the cardboard table (297 mm X210 mm).
To do this, the child must inhibit the interference of four same-sized, green fishes
facing in different directions (two on the left side and two on the right side of the
target fish). There are 14 trials: 2 training trials, 6 congruent trials with the target
and the interfering stimuli oriented in the same direction, and 6 incongruent trials
with the target oriented in the opposite direction of the interfering stimuli. Congru-
ent and incongruent trials are randomly presented. The flanker paradigm has been
widely used to assess interference suppression both in adults (Friedman & Miyake,
2004) and children (Bossert, Kaurin, Preckel, & Frings, 2014; Gandolfi et al., 2014).
The validity of the task has been confirmed in previous studies that revealed the
Fish task as a significant predictor of the interference suppression dimension (Gan-
dolfi et al., 2014; Traverso, et al., 2018). The accuracy in the incongruent trials was
scored (expected range 0-6) following the procedure of the standardized version of
the task (Usai et al., 2017). The Cronbach’s alpha was 0.64.

Time 2 measures
The emergent literacy battery

We administered three phonological awareness subtests of the CMF (Marotta, Ron-
chetti, Tresciani, & Vicari, 2008), which is a standardized battery for the assessment
of meta-phonological skills in preschool children. This battery was standardized on
an Italian monolingual sample of 1336 children from 4;11 to 11;10. The test—retest
reliability Spearman coefficient calculated on a randomized sample of 15 six-year-
olds ranged from 0.90 to 0.97 for the three subtests considered for the current study.

The Syllable blending task measures children’s blending abilities. Each child
is required to blend two, three and four orally presented syllables into a complete
word. The instructions are as follows: “I will tell you some pieces of a word and
you must combine them to form a word”. For example: “What do you get when you
say SO-LE together?”. There is one practice word-item (a two-syllable word) and a
total of 14 test trials subdivided in four two-syllable words, six three-syllable words
and four four-syllable words. The items were presented in order of difficulty, with
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two-syllable items administered before the three- and four-syllable words. The score
is the number of words correctly blended by the children (expected range 0—14). The
Cronbach’s alpha was 0.62.

In the Rhyme detection task the child is required to identify the word with the
same last syllable as the word produced by the examiner. The child is presented with
a cardboard table representing four pictures, one picture corresponds to the target
word, another picture corresponds to the word that ends with the same syllable as
the target, and the other two pictures are the distractors. Starting from the target, the
examiner points to and names all the pictures, then he/she asks the child to point to
the picture corresponding to the word that ends with the same sound as the previ-
ously named target word. The instruction is: “What is the word that sounds like and
rhymes with PACCQ? Is it TORO? Is it SACCQ? Is it CALZA?”. The task includes
15 word-items randomly presented; before starting the child is provided with a train-
ing item. During the test phase the examiner repeats the instructions every time, but
he/she doesn’t give any feedback to the child. The score is the number of words cor-
rectly identified by the children (expected range 0—15). The Cronbach’s alpha was
0.90.

The Minimal pairs task assesses the ability to detect the phonological features
of the words. A minimal pair is a pair of words that differ in a single phoneme. The
child is orally presented with minimal pairs of words and he/she is required to judge
if they are exactly the same words. The instruction is: “Now I’1l tell you two words,
and you tell me if they are exactly the same word or if they are two different words,
for example, I say: POLLO-BOLLO. Did I say the same word, or did I say two dif-
ferent words?”. There are two training trials and a total of 30 test trials subdivided
into 15 words and 15 non-words (expected range 0-30). The Cronbach’s alpha was
0.86.

The Early orthographic knowledge task is an experimental task based on Fer-
reiro and Teberosky’s (1982) model of spelling acquisition. The child is required
to write the name of four different pictures (e. g., “cane”/“dog”, “sole”/*sun”,
“tavolo”/“table”, “elefante”/*“elephant”) represented on a cardboard table. There are
two two-syllable words (“ca-ne”, “so-le””), one three-syllable word (“ta-vo-10"") and
one four-syllable word (“e-le-fan-te”’). All the words except “elefante” are simple
and include the C—V-C-V sequence. Before the writing performance, the examiner
asks the child to name the pictures one by one, then he/she provides the instruc-
tion: “How could you write the word “dog”? How could you write the word “sun”?
etc.”. A score ranging from O to 5 was assigned to each of the four figures: 0 indi-
cates writing by means of drawing or scribbling (scribble stage), 1 indicates writ-
ing by using random letters: in this stage the child uses random letters without any
link with the word’s signifier, for example, the letters E-O-A—C-R stand for the
Italian word TAVOLO (pre-conventional or pre-syllabic stage); 2 indicates writing
by reproducing one letter for each syllable without any conventional correspond-
ence between the letters and the phonemes, for example, the letters O-E—A stand
for the three-syllable Italian word TA—VO-LO (pre-conventional syllabic stage); 3
indicates writing by reproducing one letter for each syllable and following the con-
ventional grapheme/phoneme correspondence rule: for example, T-V-L stand for
the three-syllable Italian word TA—VO-LO (conventional syllabic stage); 4 indicates
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writing by reproducing more letters for one whole syllable, for example, TA-V-LO
stands for the three-syllable Italian word TA—VO-LO (syllabic-alphabetic stage); 5
indicates writing by reproducing each letter according with the sound it represents,
following the grapheme/phoneme correspondence rule (alphabetic stage). The final
score was given by the mean of the scores obtained in each of the four pictures. Two
judges coded the children’s performance independently. The correlations between
the two judges indicated adequate coding reliability (r=0.834., p <0.001).

Statistical analyses

Descriptive statistics (i.e., means, standard deviations, skewness, and kurtosis) and
zero-order (Pearson) and partial correlations controlling for age between inhibitory
control and expressive vocabulary at Time 1 were calculated. Descriptive statistics
(i.e., means, standard deviations, score ranges, skewness, and kurtosis) for Time
2 emergent literacy measures (syllable blending, rhyme detection, minimal pairs,
early orthographic knowledge) for both age groups were provided. To reduce data, a
phonological awareness composite score was calculated as the mean of the z scores
for the syllable blending, the rhyme detection and the minimal pair scores. Zero-
order (Pearson) correlations between Time 1 and Time 2 measures (the phonologi-
cal awareness composite score and early orthographic knowledge score) were per-
formed for both subsamples.

To investigate the contribution of expressive vocabulary and inhibitory control
abilities on both phonological awareness and early orthographic knowledge, sepa-
rate hierarchical linear regression analyses (enter method) were conducted on the
whole sample (4-5-year age group along with 5—6-year age group). Time 2 emer-
gent literacy measures (phonological awareness score and early orthographic knowl-
edge), were considered as dependent variables in separate regression models and the
independent variables were included in four blocks of analysis. Time 2 age group
was included in the first block, mother’s education level was included in the sec-
ond block, vocabulary and both the inhibitory control measures evaluated at Time
1 were included in the third block and fourth block, respectively. Time 2 age group
was included as a categorical (dummy) variable, where the value of 0 was assigned
to the 4-5 year subsample and the value of 1 was assigned to the 5-6 year subsam-
ple. All necessary assumptions of a regression analysis were met, and the Inspection
of Variance Inflation Factors and Tolerance values, as well as the Condition Index
and the Durbin-Watson Index indicated that there were no collinearity problems.

Results

Descriptive statistics for Time 1 measures are reported in Table 1. With respect to
inhibitory control measures, 84% of the children completed the Fish task and 94%
completed the Circle Drawing task. No missing value was found for the expressive
vocabulary measure.
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Table 1 Descriptive statistics for expressive vocabulary and inhibitory control measures at Time 1

N Min-Max M SD Skewness (S.E.) Kurtosis (S.E.)
Vocabulary 50 2-100 53.7 27.07 —.01 (.34 —.93 (.66)
Circle 47 —0.72-0.64 0.11 0.28 —.59 (.34) 46 (.68)
Fish 42 0-6 3.29 1.72 —.41(.37) —.61(.71)

Vocabulary, Expressive vocabulary; Circle, Circle Drawing task; Fish, Fish task

Zero-order (Pearson) and partial correlations adjusted for age among the Time 1
measures showed that the inhibitory control measures correlated with one another
(r=0.382, p<0.012) and this association remained significant even after controlling
for age (r=0.335, p <0.032). Only the interference suppression task (the Fish task)
correlated with the expressive vocabulary measure (r=0.478, p <0.001).) when age
was partialled out (r=0.454, p <0.003). Differently, the response inhibition task (the
Circle Drawing task) correlated moderately with expressive vocabulary (r=0.307,
p<0.048) and this association did not remain significant after controlling for age
(r=0.246, p<0.122).

Descriptive statistics for Time 2 measures and zero order correlation analyses
among Time 1 and Time 2 measures were conducted for both age groups (Tables 2
and 3). Considering language at Time 1, it can be noted that in the 4-5 year sample
expressive vocabulary was significantly associated with the phonological awareness
score (and with the minimal pairs measure), whereas in the 5-6 year sample expres-
sive vocabulary was significantly associated with the early orthographic knowledge
measure (and with the rhyme detection score).

As regards inhibitory control measures at Time 1, the correlation analyses showed
similar association patterns for both age groups: the early interference suppression
task was significantly associated with most of the emergent literacy outcomes, while
the response inhibition task was not. Particularly, at 4-5 years the Fish task cor-
related highly with the phonological awareness score, the minimal pairs, the rhyme
detection and the early orthographic knowledge measures; similarly, at 5-6 years the
Fish task correlated moderately with the phonological awareness score, the rhyme
detection and the early orthographic knowledge measures. No association between
the Circle Drawing task and the emergent literacy measures was found. Mother’s
education significantly correlated with all the emergent literacy measures (except
for rhyme detection) in the 4-5 year age group and in the 5-6 year group correlated
only with the rhyme detection measure.

To determine whether Time 1 early expressive vocabulary and inhibitory con-
trol measures explained the amount of variance in both the phonological awareness
score and the early orthographic knowledge measure at Time 2, a series of hierar-
chical linear regression analyses (enter method) were performed. Due to the lim-
ited number of children in both the subsamples, we conducted the regression analy-
ses on the whole sample (4-5 year age group along with 5-6 year age group). The
independent variables were included in four blocks of analysis: Time 2 age group
was included in the first block, mother’s education level (years of education) was
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included in the second block, expressive vocabulary and both the inhibitory control
measures (the Circle Drawing and the Fish tasks) evaluated at Time 1 were included
in the third and in the fourth block, respectively, in order to determine whether they
accounted for any additional amount of variance in the model. Time 2 age group was
included as a categorical (dummy) variable, where the value of 0 was assigned to
the 4-5 year subsample and the value of 1 was assigned to the 5-6 year subsample.
Emergent literacy measures (phonological awareness score and early orthographic
knowledge measure) were included as dependent variables in separate regression
models (Table 4).

The results showed that both regression models were significant and accounted
for 37% of variance in the phonological awareness score and for 24% of variance in
early orthographic knowledge. As regards to the phonological awareness compos-
ite score, mother’s education (block 2) and Time 1 variables (expressive vocabu-
lary—block 3 -, and both inhibitory control measures,—block 4-) accounted for the
additional amount of variance of 19%, 15% and 7%, respectively. The significant
predictors of the full model were Time 2 age group, mother’s education and the
interference suppression measure (the Fish task). Expressive vocabulary evaluated

Table 4 Hierarchical multiple linear regression analyses with Time 2 age group, mother’s education,
expressive vocabulary and inhibitory control measures at Time 1 predicting emergent literacy measures
(phonological awareness composite score and early orthographic knowledge measure) at Time 2

Phonological awareness Orthographic knowledge

F(5;40)=5.63, p=.001 F(5;41)=3.57,p=.010

R?= 45; R%adj= 37 R? = 33; R’adj= 24

R’A=.19, p=.005; .15, p=.005; .07, R’A=.03, p=.287; .16, p=.008;

p=.14 11, p=.058
Block 1 B SE Beta p B SE Beta p
Time 2 age group 322 239 211 .185 493 449 171 279
Block 2 B SE Beta P B SE Beta P
Time 2 age group 513 226 337 .029 624 465 216 187
Mother Education .098 .032 448 .005 .072 .067 174 .287
Block 1-2-3 B SE Beta p B SE Beta p
Time 2 age group .560 .206 367 .010 748 748 .259 .091
Mother Education .088 .029 402 .005 .057 .058 138 .360
Vocabulary .011 .004 392 .005 .022 .008 404 .008
Block 1-2-3+4 B SE Beta p B SE Beta p
Time 2 age group 484 204 318 .023 .539 418 187 206
Mother Education .074 .029 337 .018 .024 .060 .058 .693
Vocabulary .008 .004 256 .092 011 .009 205 .208
Circle —.140 373 -.052 709 341 71 .066 .661
Fish 139 .068 317 .049 312 141 373 .033

Vocabulary, Expressive vocabulary; Circle, Circle Drawing task; Fish, Fish task. Time 2 age group was
included as a dummy variable

@ Springer



The longitudinal relationship between early inhibitory control...

at Time 1 was also a significant predictor in block 3 analysis, however, when inhibi-
tory control measures were added to the model, it was no longer significant.

Regarding the early orthographic knowledge measure, the results showed that
expressive vocabulary evaluated at Time 1 accounted for a significant amount of
variance (16%), Time 1 inhibitory control measures accounted for an amount of
variance of 11% but this addition was not statistically significant. The interference
suppression task was the only significant predictor of the full model. Expressive
vocabulary was a significant predictor only in block 3 of the analysis; contrary to
the phonological awareness outcome, the results showed that Time 2 age group and
mother’s education were not significant predictors in the early orthographic knowl-
edge measure.

Discussion

Phonological awareness and early orthographic knowledge are two important pre-
dictors of reading and writing in primary school (Ziegler et al., 2010). Despite the
importance of these skills to literacy, relatively little is known about their anteced-
ents (Filipe, Castro, & Limpo, 2020). This study analyzed whether the development
of predictors of emergent literacy is associated with early measures of vocabulary
and inhibitory control evaluated in toddlerhood, and suggests that interference sup-
pression is a key process in the acquisition and construction of both phonological
awareness and early orthographic knowledge.

These results are in line with prior research demonstrating that self-regulatory
processes are strong correlates of early academic skills (e.g., Fuhs, Farran, & Nes-
bitt, 2015). In particular, inhibitory control processes are the earliest forms of cogni-
tive control (Diamond, 2013) that significantly contribute to self-regulation (Rueda,
Posner, & Rothbart, 2005) which in turn promotes school readiness and learning
skills (McClelland & Cameron, 2012; Vitiello & Greenfield, 2017). Unlike previous
studies, the present one included very young children, thus allowing us to explore
whether emerging forms of inhibitory control in toddlerhood can be predictive
of early learning skills that emerge much later, after two or three years. Further-
more, the current study differentiated between two forms of inhibitory control (i.e.,
response inhibition and interference suppression), in order to identify which spe-
cific dimension of inhibition is more closely associated to early literacy. To the best
of our knowledge, the differential role of early inhibitory control processes was not
longitudinally studied in relation to later literacy achievement.

We first analyzed the association between language and inhibitory control in
toddlerhood (Time 1) and the results showed a pattern of significant associations
between expressive vocabulary and both inhibitory control measures. It should
be noted that both inhibitory measures were non-verbal. Particularly, the inter-
ference suppression task (and not the response inhibition one) significantly cor-
related with expressive vocabulary even when age was partialled out, confirm-
ing previous evidence which showed that early oral language skills are associated
with inhibitory control in general (Usai, Viterbori, Gandolfi, & Zanobini, 2020),
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and with the interference suppression component in particular (Gandolfi & Viter-
bori, 2020). Considering correlational patterns between language and inhibitory
control at Time 1 and emergent literacy measures evaluated at Time 2, the results
showed significant associations between expressive vocabulary and phonologi-
cal awareness at 4-5 years and between expressive vocabulary and early ortho-
graphic knowledge at 5-6 years. Interestingly, among the variables considered at
Time 1, only interference suppression was found to be associated with phonologi-
cal awareness and early orthographic knowledge in both age groups. This result
suggests that the ability to manage the conflict among misleading features of a
task may sustain different and later achievements, such as phonological awareness
(Lonigan et al., 2017; Purpura et al., 2017) and early orthographic knowledge
skills (Kegel & Bus, 2014) even after two or three years.

The regression analyses confirmed these correlational patterns. The main find-
ings showed that interference suppression was longitudinally associated with both
phonological awareness and early orthographic knowledge skills, even when age
group, maternal education level and expressive vocabulary were simultaneously
considered. Although early expressive vocabulary was also a significant predictor
for both outcomes, when inhibitory control measures were added to the model, it
was no longer significant. It should furthermore be noted that, though age group
and maternal education were also significant predictors of phonological aware-
ness score, they did not predict early orthographic knowledge.

The significant role of interference suppression in the development of phono-
logical awareness and early orthographic knowledge can be explained in different
ways. One hypothesis is that interference suppression is directly involved in tasks
assessing phonological awareness and in early orthographic knowledge especially
when these skills are not yet automatized. For example, when retrieving the shape
of a letter while writing, a child is required to manage the possible interference
given by letters with similar shapes (e.g., E and F). A similar interference can be
present at a phonological level, for example in a meta-phonological task, when
it is important to pay attention only to the sound of the word and ignore other
interfering features, such as its meaning. In other words, interference suppression
would assist children to select the right piece of information in the presence of
interfering stimuli, especially when skills are emerging.

The second hypothesis is that children with higher scores in interference sup-
pression benefit more from educational activities and are generally more ready
to learn. For example, when provided with appropriate instruction, a child with
better interference suppression may be more able to listen to the instruction and
remain on task by filtering interfering and extraneous information. In addition, it
was suggested that both inhibitory control processes are related to metacognitive
skills in preschoolers and that interference suppression in particular might con-
tribute to metacognitive monitoring by preventing children from being distracted
by environmental factors while they update their representations (Bryce, White-
bread, & Sziics, 2015). Metacognitive skills in turn positively influence learning
outcomes, suggesting there is a chain of relationships from inhibitory control pro-
cesses and metacognitive skills to achievement. This second hypothesis concern-
ing the relationship between interference suppression and literacy is less specific
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than the first one and in line with research that emphasizes the role of self-regula-
tory skills in school readiness and attainment (e.g., Blair & Raver, 2015).

Finally, interference suppression might be related to emergent literacy via oral
language skills. Recent research suggests that interference suppression is associated
with oral language skills in young children, particularly with early vocabulary and
early grammar (Bohlmann, Maier, & Palacios, 2015; Gandolfi & Viterbori, 2020).
For example, in lexical development, interference suppression skills could help chil-
dren to check the progressive acquisition of new words and the subsequent increase
of possible interference from lexical competitors (Gandolfi & Viterbori, 2020).
Therefore, interference suppression could have a role in the acquisition of lexical
skills that in turn are related to early literacy (Cooper, Roth, Speece, & Schatschnei-
der, 2002; Snowling, Gallagher, & Frith, 2003). For example, the Lexical Restruc-
turing Model suggests that vocabulary growth in preschool children drives the
restructuring of phonological representations, thus promoting phonological aware-
ness (Carroll, Snowling, Hulme, & Stevenson, 2003; Lonigan, 2007). In fact, when
children increase their lexicon, words must be represented more segmentally ena-
bling to differentiate among very similar phonemes of the words, laying the founda-
tion for later phonological awareness skills. In this case, interference suppression,
which was found to be associated with oral language abilities, particularly expres-
sive vocabulary, could have a significant indirect role in enhancing early literacy
skills.

This study presents some limitations which should be considered for further
research. First, the sample size was limited and, as a consequence, in the main
regression analyses we could not consider both age groups at Time 2 separately. As
a consequence, we could not explore whether the response inhibition measure was
involved in emergent literacy at least in the younger age group. In fact, this inhibi-
tory control component was found to be associated with language abilities in very
young children (Cozzani, Usai, & Zanobini, 2013; Gandolfi & Viterbori, 2020; Vit-
erbori, Gandolfi, & Usai, 2012). It would have been more appropriate to investigate
the predictive role of vocabulary and inhibitory control on early literacy in the 4-5
age group and, separately, in the 5-6 age group, in order to explore which predictor
may affect the outcomes after two or three years. However, to reduce this limitation
we included the Time 2 age group between the two subsamples as a dummy variable
in the regression models.

Second, we chose two inhibitory control tasks to maximize the difference
between response inhibition and interference suppression processes, taking the suit-
ability of the task for toddlers into account (see Usai et al., 2017). Since the Circle
Drawing task assesses inhibitory control (response inhibition component) by involv-
ing the ability to control a motor response and the Fish task assess inhibitory control
(interference suppression component) by involving visual attention skills, it might
be interesting for further research to select inhibitory measures that involve similar
non-executive skills. This would make the measures more comparable in investigat-
ing their contribution to the outcomes. With respect to inhibitory control measures,
another limitation comes from the relatively low reliability of the Fish task. Never-
theless, it should be considered that the reliability of the inhibitory control tasks is
frequently low especially in young children (see also Wiebe et al., 2011, Willoughby
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et al., 2011). Finally, early expressive vocabulary was assessed exclusively with a
parent report questionnaire. A concurrent direct examination of lexical skills would
have provided a more solid measure. Nevertheless, the MacArthur-Bates Commu-
nicative Development Inventory is a widely used questionnaire with adequate psy-
chometric proprieties (Law & Roy, 2008) that it is particularly suitable in providing
representative picture of very young children’s language skills in different contexts
and situations (Rinaldi, Pasqualetti, Stefanini, Bello, & Caselli, 2019).

In conclusion, the current study has explored the role of inhibitory control skills
evaluated in toddlerhood in some important emergent literacy abilities tested two to
three years later. The main finding reveals that interference suppression is the key
component that is longitudinally associated with both phonological awareness and
early orthographic knowledge, even when early linguistic ability is concurrently
considered.

Our findings provide significant theoretical implications because, even though the
study wasn’t aimed to investigate the latent organization of inhibitory control, it sug-
gests that different inhibitory processes are available even at early ages (see Gan-
dolfi & Viterbori, 2020). Moreover, these results represent an opportunity to expand
the still limited literature on the predictive role that different early inhibitory con-
trol abilities could have in explaining emerging literacy skills. Our findings present
also some practical implications, providing insights that may help to develop more
appropriate educational strategies in support of early inhibitory control skills feasi-
ble in early toddlerhood.
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