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ARTICLE INFO ABSTRACT

No. of reviews completed is 2 Background: Very preterm (VPT) children showed delays in reading, spelling and maths, but their
Keywords: academic achievement profile is not clearly understood.

Preterm birth Aims: VPT children were compared with children with specific learning disorders (SLD) and
Literacy typically developing (TD) children on academic achievement, considering cognitive and lin-
Maths guistic phenotypic markers. A learning profile analysis was also performed.

School age Methods: We included 170 10-year old monolingual Italian-speaking children (37 VPT, 28 SLD,
Specific learning disorders 105 TD) assessing cognitive, linguistic and academic skills.

Results: On academic achievements VPT children fell behind TD peers in some reading (text
speed, comprehension), spelling (non-word), and math (number knowledge, written calculations
and problem-solving) tasks. SLD children underperformed in all academic tasks with respect to
VPT and TD peers. Concerning cognitive and linguistic phenotypic markers, compared to TD
peers, VPT children showed lower scores in verbal IQ and phonological fluency, SLD children in
phonological processing and rapid automatized naming. VPT children showed a higher rate of at-
risk performance in reading compared to TD group, but a minor percentage of impaired profiles
and comorbidity among learning areas compared to SLD group.

Conclusions and implications: The academic achievement profile of VPT children shows persistent
delays, but it differs to that of SLD children, since delays are less widespread and severe, and
differences were found in phenotypic markers and comorbidity. Follow-up programs and effec-
tive interventions are needed for VPT children.

What this paper adds

Very preterm birth (VPT) affects academic achievement. However, previous studies have only compared VPT children with
typically developing (TD) peers, using composite measures for reading, spelling and maths. By contrast, a comparison with another
population with atypical development in academic-related skills can be useful to understand the academic achievement profile of
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VPT children, identifying similarities and differences in specific components. The present study compared for the first time the
academic achievement profile of VPT children with that of children with Specific Learning Disorders (SLD) and TD children. Our
findings pointed out an atypical academic achievement profile in VPT children, since residual delays in reading, spelling and math
were described at the end of primary schools with some abilities preserved and other delayed (i.e., reading text speed, reading
comprehension, non-word spelling, number knowledge, written calculations and problem-solving). The academic achievement
profile of VPT children differed from that of SLD children. First, impairments were less widespread, involving only some of the above
mentioned skills, and less severe (i.e., mean scores were comprised within -1 SD). Secondly, cognitive and linguistic phenotypic
markers were different in these populations, suggesting different processes underlying delays in academic achievement. Third, a
higher rate of SLD children fell into the impaired category, with comorbidity among learning areas, whereas VPT children showed a
higher proportion of at-risk performance in reading. Specific follow-up programs and effective interventions are needed for VPT
children, considering their atypical development in academic achievement.

1. Introduction

Several studies have investigated the effect of very preterm birth (VPT, gestational age < 32 weeks of gestation) on academic
achievements pointing out some concordant findings, as well as a number of lines of investigation to follow. As suggested by reviews
and meta-analyses, VPT birth affects literacy and maths at school age (Aarnoudse-Moens, Weisglas-Kuperus, van Goudoever, &
Oosterlaan, 2009; Moreira, Magalhaes, & Alves, 2014; Sansavini, Guarini, & Caselli, 2011; Twilhaar, de Kieviet, Aarnoudse-Moens,
van Elburg, & Oosterlaan, 2018). VPT children scored 0.48 SD lower on reading, 0.76 on spelling and 0.60 on math tests (Aarnoudse-
Moens et al., 2009). Text comprehension was also affected in VPT children scoring 0.57 SD lower than their peers (Kovachy, Adams,
Tamaresis, & Feldman, 2015).

Delays have been observed starting from kindergarten (Shah, Kaciroti, Richards, Oh, & Lumeng, 2016) and persisting into primary
(Taylor et al., 2016) and secondary school (Aarnoudse-Moens et al., 2009; Twilhaar, de Kieviet et al., 2018). Thus, the effect of
preterm birth continues across development up to adolescence suggesting an atypical developmental trajectory (Sansavini et al.,
2011) with lifelong consequences and implications, such as a greater need for educational support and higher rates of grade re-
petition (Aarnoudse-Moens, Oosterlaan, Duivenvoorden, van Goudoever, & Weisglas-Kuperus, 2011; Twilhaar, de Kieviet et al.,
2018).

Even if we can assume that preterm birth affects academic achievement from kindergarten up to adolescence, several issues have
not been deeply explored and questions are still open with preliminary contrasting results. First, previous studies have compared the
profile of VPT children in academic achievement with that of typically developing (TD) children. However, as suggested by D’Souza,
Booth, Connolly, Happé, and Karmiloff-Smith (2016), going beyond unique TD comparisons, cross-population studies, including
different atypical populations, could be more useful for understanding the profile of a population with atypical development by
identifying similarities and differences across disorders. Starting from this consideration, we intended to compare VPT children with
children with specific learning disorders (SLD), since these populations shared three characteristics. First, as for VPT children, SLD
children show delays in reading, spelling and math (American Psychiatric Association, 2013). Secondly, in both populations im-
pairments in academic achievement might occur in the absence of intellectual disabilities, that is, within an average intellectual
functioning. Indeed, even if lower IQ scores were reported in VPT children (0.86 SDs than full-term children, Twilhaar, Wade et al.,
2018), mean IQs were comprised in a normal range. In SLD children the IQ is in the normal range by diagnostic definition (American
Psychiatric Association, 2013). Third, some studies have revealed that delays in academic achievement persisted also controlling for
general IQ scores both in VPT children (Guarini et al., 2014; Simms, Cragg, Gilmore, Marlow, & Johnson, 2013) as well as in SLD
children (e.g., Andersson, 2010; Ghelani, Sidhu, Jain, & Tannock, 2004). Concerning the comparison between VPT and children with
SLD, some preliminary suggestions have been pointed out by two studies investigating the mathematical domain in VPT children. The
first one suggested that preterm birth did not increase the risk of dyscalculia (i.e., the specific learning disorder affecting mathe-
matics; Price & Ansari, 2013), but lower gestational age was associated with a higher risk of mathematical impairments (Jaekel &
Wolke, 2014). Another study suggested that math difficulties in VPT children were different from those of children with dyscalculia,
since working memory and visuo-spatial processing were affected, but not numerical representation (Simms et al., 2015). However,
both studies did not directly collect data from SLD children.

A second limitation of the existing research was the prevalent use of composite measures for reading, spelling and maths, without
describing which components were affected (Simms et al., 2013; Twilhaar, de Kieviet et al., 2018). The few studies, that deepened the
profile of learning achievements within some specific domains, highlighted interesting patterns of results. For example, in reading
tasks VPT children were accurate but slower than their peers at 8 years, whereas they made more errors in spelling, with differences
across measures of word, non-word and sentence reading (Guarini et al., 2010). Concerning maths, VPT children aged 8-10 years
showed poorer counting skills and used less sophisticated strategies in solving arithmetic problems, whereas no delay was found in
other skills (number fact knowledge, number line estimation, symbolic magnitude comparison, Simms et al., 2015). These promising
results suggested the need to deepen this issue in order to describe the academic achievement profile of VPT children as well as to
plan focused intervention to improve the delayed skills.

Third, the literature offers contrasting results regarding domains that are more affected in VPT children. Some studies suggested
that delays of VPT children were more pronounced in maths than in literacy (Chyi, Lee, Hintz, Gould, & Sutcliffe, 2008; Taylor, Espy,
& Anderson, 2009), whereas others revealed similar weaknesses in both domains (Aarnoudse-Moens et al., 2009). In addition, few
studies have analyzed the comorbidity among delays in reading, spelling and maths in VPT children, showing high rates of combined
learning delays across multiple curriculum areas (Pritchard et al., 2009). A high risk for comorbidity was recently described in
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extremely preterm children (gestational age < 26 weeks) suggesting that isolated cognitive and learning delays were uncommon
(Johnson et al., 2016). These results revealed that comorbidity among learning disabilities was poorly understood, pointing out the
need for further studies on this topic in VPT children.

Based on these questions the present study compared, for the first time, the academic achievement profile of VPT children with
that of SLD and TD children, analyzing different components of reading, spelling and maths in the three groups. To better describe the
origin of academic delays, we also analyzed cognitive skills (IQ scores) and specific skills that are considered phenotypic markers of
learning delays (i.e., attention, working memory, phonological awareness, fluency, and rapid automatized naming-RAN) both in VPT
(Guarini et al., 2010; Loe et al., 2012; Rose, Feldman, & Jankowski, 2011; Simms et al., 2015) and SLD children (Price & Ansari, 2013;
Snowling, 1998). We hypothesized that VPT children are characterized by an atypical pathway with an academic achievement profile
different from that of SLD children, due to the different aetiological origins of delays in these two populations. We expected VPT
children having less advanced literacy and math skills than their TD peers, but with less severe delays and different cognitive and
phenotypic markers compared with SLD children.

Second, we aimed at investigating the rate of at risk and learning impaired children across the three groups. We performed a
profile analysis comparing the percentages of VPT, SLD and TD children classified as impaired (< 2 SD), at risk (between -2 and -1
SD) or in the average range (= 1SD) for each domain (reading, spelling and maths). We expected a higher percentage of at risk VPT
children and of impaired SLD children. We also analysed the comorbidity among reading, spelling and math impairments, comparing
VPT and SLD children.

2. Method
2.1. Participants

One hundred and seventy monolingual Italian-speaking children were included: 37 VPT, 28 SLD and 105 TD children. All children
had no major cerebral damage, no congenital malformations, no visual or hearing impairment, no intellectual disabilities, and no
socio-economic disadvantage.

VPT children (15 females) were born in 2003 and 2004 at the Neonatology Unit of the University Hospital of Bologna. Their mean
chronological age was 10 years and 4.5 months (SD = 7.5 months). VPT children were included if, at birth, had a gestational
age < 32 weeks of gestation. The mean gestational age of the VPT sample was 29.2 weeks (SD = 1.7, for additional description see
Table S1, online Supporting information).

SLD children (15 females, mean chronological age: 10 years and 2.3 months, SD = 8.1 months) were recruited at LADA la-
boratory, University of Bologna. They were included if they were born at term (=37 weeks of gestation) and had received a diagnosis
of SLD in the last 2 years. The diagnosis was defined on the basis of a full neuropsychological assessment according to the
International Classification of Diseases (ICD-10 code: F.81) (World Health Organization, 2016) and standard Italian criteria
(Consensus Conference, 2010), with scores below 2 SDs in standardized tests assessing reading, spelling or maths.

All TD children (54 females) were included if they were born at term (= 37 weeks of gestation) and had no diagnosis of SLD. They
were recruited from several Primary Schools in the same geographical area as the clinical groups (mean chronological age of as-
sessment: 10 years and 3 months, SD = 6.4 months).

The three groups were comparable in terms of age of assessment and gender. In addition, all children in the three groups were
comparable for the following social background characteristics: area of residence (Bologna city); educational exposure (only public
schools were involved); linguistic and cultural context (all children were monolingual with both Italian parents).

2.2. Procedure

The assessment of VPT and SLD children was performed in a quiet room at the University; TD children were assessed in a quiet
room at their school.

The study protocol met the ethical guidelines for protection of human participants and received formal approval by the local
Ethical Committee (Independent Ethics Committee of the University Hospital of Bologna “S.Orsola-Malpighi”). The parents of the
children released their informed written consent for participation to the study.

2.3. Materials

2.3.1. IQ, cognitive and language phenotypic markers

2.3.1.1. 1Q. The Italian version of the “Kaufman Brief Intelligence Test, Second Edition” (K-BIT-2, Bonifacci & Nori, 2016) was
administered. The verbal scale contains two item types: verbal knowledge (requiring the child to select the picture considered to best
illustrate the meaning of the word presented orally by the examiner) and riddles (requiring the child to provide the word that best fits
with some adjectives or functions of an object/concept). The non-verbal subscale is a matrices subtest. Three indexes were provided:
Composite score (C-IQ), Verbal score (V-IQ) and Non verbal score (NV-IQ).

2.3.1.2. Attention. The sustained attention task from the Leiter International Performance Scale-Revised (Roid & Miller, 2002) was
administered. Children were asked to cross out as many of the objects matching the target as possible, without accidentally crossing

out any other objects, given a limited amount of time. The number of correct responses was scored, according to the manual.
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2.3.1.3. Digit span. The Digit Span test from Wechsler Intelligence Scale for Children-III (WISC-III, Italian adaptation, Orsini &
Picone, 2006) was administered. The child was asked to listen and repeat 3-9 digits forwards and 2-9 digits backwards. The sum of
correct sequences of digits was computed.

2.3.1.4. Fluency. Fluency tests from the NEPSY-II (Italian version, Urgesi, Campanella, & Fabbro, 2011) were administered.
Concerning semantic fluency, the child was asked to produce as many words as possible in 60 s for the categories Animals, Food and
Drinks. With respect to phonological fluency, the child was asked to produce as many words as possible in 60 s starting with the
phoneme /s/ and /f/, respectively. The numbers of words for semantic and phonological fluency were scored.

2.3.1.5. Phonological processing. The phonological processing test from the NEPSY-II (Italian version, Urgesi et al., 2011) was
administered. The child was asked to create a new word by omitting or substituting a syllable or a phoneme. The number of correct
responses was computed.

2.3.1.6. RAN. In the rapid automatized naming task (De Luca, Di Filippo, Judica, Spinelli, & Zoccolotti, 2005) the child named aloud
matrices of objects. Correct responses and time were scored.

2.3.2. Literacy and numeracy skills

2.3.2.1. Reading. To assess decoding skills, children were asked to read aloud a list of words (112 words, DDE-2, Sartori, Job, &
Tressoldi, 2007), non-words (48 non-words obeying Italian phonotactics, DDE-2), and a text (MT-2, Cornoldi & Colpo, 2011). For all
tasks, accuracy (number of errors) and speed (number of syllables/second) were computed, according to test manuals. To examine
reading comprehension abilities children were asked to read alone a story and then answer to 14 multiple-choice reading
comprehension questions (MT-2, Cornoldi & Colpo, 2011). The number of correct responses was scored.

2.3.2.2. Spelling. To evaluate spelling abilities from dictation three subtests by DDE-2 (Sartori et al., 2007) were used: words (the
child was asked to write 48 words of different length and orthographical complexity), non-words (the child was asked to write 24
biyillabic or multisyllabic non-words obeying Italian phonotactics) and sentences (the child was asked to write 12 sentences with
homophones). For all tasks, accuracy (number of errors) was computed, according to the manual.

2.3.2.3. Maths. A battery to investigate number and calculations abilities was administered to each child (AC-MT 6-11, Cornoldi,
Lucangeli, & Bellina, 2012). The battery provided the following indexes: number knowledge (numerosity judgment, transcoding and
number sorting), written calculation, mental calculation, time (counting, mental calculation and written calculation), and problem-
solving. Correct responses were scored for written calculation, number knowledge and problem-solving, errors for mental calculation,
and seconds for time.

2.4. Statistical analyses

Statistical analyses were run using SPPS 23, and the significance level was set at 0.05. Analyses of variance (ANOVAs) were run to
compare VPT, SLD, and TD children in all skills; post-hoc Bonferroni comparisons were performed. In order to describe delays, the
raw scores of VPT and SLD children were z-standardised (M = 0, SD = 1) according to the TD children’s mean and SD values.

To determine the profile of learning difficulties, the mean z-score was calculated for each learning area (reading: word, non-word
and text speed and accuracy; spelling: word, non-word and sentence accuracy; maths: number knowledge, written calculation, mental
calculation, time, problem-solving) and further classified as: impaired (=<-2); at risk (between -2 and -1) and in average range
(= —1). Likelihood ratio analyses were run to compare the distribution of the three categories in each learning area among VPT, SLD
and TD children and adjusted residuals were analyzed (adj residuals > 2 were considered for significant differences). Only the
impaired learning areas (<-2) were further classified as isolated or in comorbidity.

3. Results
3.1. 1Q, cognitive and language phenotypic markers

Mean IQs of all groups fell within the normal range. A significant group effect was found in V-IQ, F (2, 167) = 5.46. p = .005,
ﬂp2 = .06. VPT children had lower scores (M = 107.9, SD = 13.2) than TD children (M = 115.6, SD = 13.3; Bonferroni, p = .01),
whereas SLD children did not significantly differ from TD peers (M = 109.5, SD = 14.5). No significant group-related differences
were found in C-IQ scores (VPT: M = 103.3, SD = 11.2; SLD: M = 102.6, SD = 14.2; TD: M = 107.3, SD = 11.6) and NV-IQ scores
(VPT: M = 102.6, SD = 12.6; SLD: M = 98.6, SD = 14.2; TD: M = 102.4, SD = 13.6).

Concerning attention, digit span and semantic fluency, no differences were found among groups (Table 1). A significant group
effect was found in phonological fluency, phonological processing, and RAN. VPT children had lower scores than TD children in
phonological fluency (p = .001). SLD children had lower scores than VPT and TD children in phonological processing (VPT:
p < .001; TD: p < .001) and in RAN for both accuracy and time (VPT: p = .001, and p = .024; TD: p = .008, and p < .001).
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Table 1

The table summarizes means (and standard deviations, SDs) for cognitive and language phenotypic markers in children with specific learning
disorders (SLD), very preterm children (VPT), and typically developing children (TD). F, p and partial eta-squared (npz) values for ANOVAs are
reported.

SLD children VPT children TD children ANOVA

N M SD N M SD N M SD F P ny
Attention 28 106.7 20.7 37 108.3 16.7 105 107.0 16.3 0.10 .901 .01
Digit span 28 12.7 2.6 37 13.6 2.5 105 14.1 2.8 2.71 .070 .03
Semantic fluency 28 30.5 6.7 37 31.8 6.3 105 33.9 8.0 2.77 .066 .03
Phonological fluency 28 18.2 6.2 37 15.9 4.8 105 19.9 5.9 6.86 .001 .08
Phonological processing 28 42.4 3.6 37 46.7 2.4 105 47.5 2.8 34.29 <.001 .29
RAN (time) 27 97.1 17.1 37 86.1 18.7 105 79.5 14.5 13.82 <.001 .14
RAN (accuracy) 27 3.4 3.7 37 1.3 2.3 105 1.9 1.8 7.26 .001 .08

Note: In bold the significant results. Correct responses for attention, digit span, semantic fluency, phonological fluency, and phonological processing;
seconds for RAN (rapid automatized naming) time and errors for RAN accuracy.

3.2. Literacy and numeracy skills

A significant group effect was found in all reading tasks (Table 2). VPT children were slower than TD children (words: p = .052,
tendency; text: p = .003) and SLD children were slower than VPT (words: p < .001; non-words: p = .001; text: p < .001) and TD
children (for all tasks: p < .001). Fig. 1 shows the standardized differences (z scores) in VPT and SLD children. A significant group
effect was also found in reading comprehension, since VPT children made more errors than TD peers (p = .009) and SLD children
made more errors than VPT (p = .002) and TD peers (p < .001).

A significant group effect was found in all spelling tasks (Table 2). VPT children made more errors than TD peers in non-words
(p = .013). SLD children committed more errors than VPT children in words and sentences (p < .001) and more errors than TD peers
in all tasks (words and sentences: p < .001; non-words: p = .002).

A significant group effect was found on number knowledge and maths (Table 3). VPT children showed less advanced skills than
TD peers in number knowledge (p = .021), written calculations (p = .023) and problem-solving (p = .049). SLD children showed less
advanced skills than VPT and TD peers in all tasks (p < .001 for all comparisons). Fig. 2 shows the standardized differences.

3.3. Learning profiles and comorbidity

The analysis of children’s learning profiles (Table 4), revealed an unbalanced frequency distribution of participants among the
impaired, at risk and average range categories. Adjusted residuals in reading skills, A(4) = 96.975; p < .001, showed a higher than
expected proportion of VPT children in the at risk category and of SLD children in the impaired category. Considering spelling and
maths, no significant results were found for VPT children. By contrast, the frequency of SLD children in the impaired category was
higher than expected for spelling, A(4) = 53.428; p < .001, and maths, A(4) = 78.307; p < .001.

Concerning comorbidity, 89.2% of the VPT children had no impairments, whereas only 10.7% of the SLD group had this profile

Table 2
The table summarizes means (and standard deviations, SDs) for literacy in children with specific learning disorders (SLD), very preterm children
(VPT), and typically developing children (TD). F, p and partial eta-squared (npz) values for ANOVAs are reported.

SLD children VPT children TD children ANOVA

N M SD N M SD N M SD F p >
Reading speed
Words 28 2.2 0.7 37 3.2 0.7 105 3.5 0.7 38.66 <.001 .32
Non-words 28 1.4 0.4 37 1.9 0.5 105 21 0.7 16.49 <.001 .16
Text 28 2.5 0.7 37 3.5 0.9 105 3.9 0.9 42.17 <.001 .34
Reading accuracy
Words 28 9.1 7.3 37 2.6 2.9 105 1.6 1.6 52.41 <.001 .39
Non-words 28 12.2 5.7 37 3.9 4.8 105 3.3 2.4 66.49 <.001 44
Text 28 9.0 6.2 37 2.5 1.9 105 2.2 1.7 59.71 <.001 .42
Reading Comprehension 27 7.7 2.2 37 9.7 2.4 103 10.9 2.1 23.76 <.001 22
Spelling
Words 28 5.2 5.6 37 1.2 1.4 103 0.8 1.0 34.36 <.001 .29
Non-words 28 5.1 3.1 37 4.5 2.3 103 3.2 2.3 8.86 <.001 .10
Sentences 27 6.7 4.1 37 2.7 2.2 103 1.8 1.6 29.11 <.001 .37

Note: In bold the significant results. Syllables/second for reading speed, errors for reading accuracy and spelling, correct responses for reading
comprehension.
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Fig. 1. Mean z-scores and 95% confidence intervals for very preterm children (VPT) and children with specific learning disorders (SLD) with respect
to the TD group on reading speed.
Note. The raw scores of VPT and SLD children were z-standardised according to the TD children’s mean and SD values (M = 0, SD = 1).

Table 3
The table summarizes means (and standard deviations, SDs) for numeracy skills and maths in children with specific learning disorders (SLD), very
preterm children (VPT), and typically developing children (TD). F, p and partial eta-squared (npz) values for ANOVAs are reported.

SLD children VPT children TD children ANOVA
N M SD N M SD N M SD F P qu
Number knowledge 28 15.4 3.4 37 18.3 2.8 105 19.7 2.3 29.56 <.001 .26
Written calculation 28 4.1 21 37 6.3 1.3 105 7.0 1.0 51.84 <.001 .38
Mental calculation 28 2.2 1.6 37 1.0 1.0 105 0.8 1.0 17.81 <.001 17
Time 27 192.1 57.5 37 115.3 33.8 105 104.0 325 58.83 <.001 41
Problem-solving 24 2.1 1.9 37 4.1 2.4 105 5.2 2.4 19.00 <.001 .19

Note: In bold the significant results. Correct responses for number knowledge, written calculation and problem-solving. Errors for mental calcu-
lation. Seconds for Time.

(Table 5). The remaining VPT children showed a single-domain impairment (2.7% for each domain), or reading and spelling deficits
in comorbidity (2.7%). In SLD children both single-domain impairments (28.6% reading, 3.6% spelling, and 7.1% maths) and
comorbidity of impairments (25% reading and spelling; 3.6% reading and maths, 3.6% spelling and maths; 17.9% reading, spelling
and maths) were found.

4. Discussion

The analysis of cognitive and linguistic phenotypic markers revealed some similarities (e.g., non verbal IQ, sustained attention,
digit span, semantic fluency) among VPT children, children with SLD and TD peers as well as some differences (e.g., verbal IQ,
phonological verbal fluency, phonological processing and RAN). As in previous studies, VPT children showed lower skills than TD
peers in phonological verbal fluency (Mulder, Pitchford, Hagger, & Marlow, 2009) and verbal IQ (Kerr-Wilson, Mackay, Smith, & Pell,
2012), even if still identified as falling within the normal range (Anderson, Doyle, & Victorian Infant Collaborative Study Group,
2003). SLD children showed lower scores in phenotypic markers of dyslexia and dyscalculia (phonological processing and RAN; Price
& Ansari, 2013; Snowling, 1998), but not in IQ scores, confirming an absence of general cognitive deficits (American Psychiatric
Association, 2013).

Concerning academic achievements, lower scores in reading, spelling, and math abilities were found in SLD children as expected
(Butterworth, Varma, & Laurillard, 2011; Vellutino, Fletcher, Snowling, & Scanlon, 2004). By contrast, the profile of VPT children
was characterized by strengths and weaknesses. In each area of reading, spelling and maths, VPT in comparison to TD children
showed adequate scores in some abilities besides some delayed abilities, even if delays were less severe than in children with SLD.
The detailed description of impaired vs. unimpaired skills in VPT children were presented in the following paragraphs concerning
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Fig. 2. Mean z-scores and 95% confidence intervals for very preterm children (VPT) and children with specific learning disorders (SLD) with respect
to the TD group on maths.
The raw scores of VPT and SLD children were z-standardised according to the TD children’s mean and SD values (M = 0, SD = 1).

Table 4
The table summarizes the percentage of children in each group as impaired (<-2 SD), at risk (between —2 and —1 SD) or in the average range
(= —1 SD) in reading, spelling and maths.

SLD children VPT children TD children
Impaired At risk Average Impaired At risk Average Impaired At risk Average
Reading 75% 10.7% 14.3% 5.4% 18.9% 75.7% 0% 6.7% 93.3%
Spelling 50% 14.3% 35.7% 5.4% 13.5% 81.1% 0% 12.6% 87.4%
Maths 32.1% 42.9% 25% 2.7% 10.8% 86.5% 0% 1% 99%
Table 5
The Table summarizes the prevalence of learning impairments and comorbidity in each group, with a cut-
off of z < -2.
SLD children VPT children
No deficit 3 (10.7%) 33 (89.2%)
Reading only 8 (28.6%) 1 (2.7%)
Spelling only 1 (3.6%) 1 (2.7%)
Maths only 2 (7.1%) 1 (2.7%)
Reading and spelling 7 (25%) 1 (2.7%)
Reading and maths 1 (3.6%) 0 (0%)
Spelling and maths 1 (3.6%) 0 (0%)
Reading, spelling and maths 5 (17.9%) 0 (0%)

reading, spelling and maths.

The study identified new evidence for delays in decoding and reading comprehension at the end of primary school, previously
described in VPT children exposed to English, i.e., an opaque and orthographically irregular language (Aarnoudse-Moens et al., 2009;
Kovachy et al., 2015; Twilhaar, de Kieviet et al., 2018). In the present study these delays were found in VPT children exposed to a
transparent and orthographically regular language, i.e. Italian. VPT children had less severe delays than SLD children, with mean
scores falling in a normal range. However, residual delays were found in text reading speed, that we assume could be generalized to
VPT children native speakers of other transparent languages. These findings suggest that difficulties in the consolidation of reading
processes, previously found in Italian VPT children at the end of the second year of primary school (Guarini et al., 2010), persist up to
the end of primary school without taking benefit from the contextual clues provided by text. These findings are consistent with
difficulties found in reading comprehension that increase with age (Kovachy et al., 2015).

The present study showed that VPT birth also affected spelling skills, but with less severe difficulties than those described in
English-speaking VPT children (Aarnoudse-Moens et al., 2009). In addition, whereas widespread delays were previously found in VPT
Italian children at 8 years of age (including word, non-word and sentence spelling; Guarini et al., 2010), in the current study only a
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residual delay in non-word spelling was found at the end of primary school. Non-word spelling is a complex task, involving pho-
nological and memory skills, and is considered a sensitive index of spelling difficulties in orthographically regular languages
(Marinelli, Romani, Burani, & Zoccolotti, 2015). We thus hypothesize that those VPT children exposed to regular languages maintain
residual difficulties in complex spelling tasks.

Concerning maths, the present study showed that VPT children had less advanced skills than TD peers, as found in previous
studies (Aarnoudse-Moens et al., 2009), but highlighted that only some skills were affected (number knowledge, written calculations,
and problem-solving) with mean scores still falling in a normal range. Difficulties of VPT children in maths were widespread since
both low-level skills (i.e., numerical knowledge) and higher-order skills (i.e., written calculations and problem-solving) were affected.
With regard to low-level skills, i.e., number knowledge and numerical reasoning, previous studies have shown difficulties at pre-
school age (Aarnoudse-Moens et al., 2011) until 6 years, but no longer at 8 years (Guarini et al., 2014). However, our study suggests
that delays persist at the end of primary school, thus new studies on this topic are needed. Concerning higher-order skills, i.e.,
application of mathematical concepts, in line with previous studies (Rose et al., 2011; Simms et al., 2013), our results suggest the
persistence of a relevant difficulty until adolescence. Difficulties in mathematical problems might also depend on the weaknesses
found in text comprehension that is fundamental for understanding math problems.

The description of learning profiles adds further information. As expected, a higher proportion of SLD children fell into the
impaired category in all areas. By contrast, VPT children showed a higher proportion of risk in reading. The profile analysis showed
that preterm birth increases the risk of learning delays, but not of disorders, bringing further and more generalized evidence to the
hypothesis made by Jaekel and Wolke (2014) for math difficulties, who suggested that preterm birth does not increase the risk of
dyscalculia, but lower gestational age is associated with a higher risk of mathematic impairments.

Concerning reading, spelling, and math impairments, many SLD children showed an isolated impairment (39.4%) or comorbidity
among impairments (50.1%). By contrast, only 10.8% of the VPT sample had impairments; nevertheless, this percentage was higher
than that of the Italian population (2.5-3.5%; Consensus Conference, 2010). Our findings are in line with a study on ELGA children
native speakers of an orthographically irregular language (Johnson, Wolke, Hennessy, & Marlow, 2011), revealing a specific learning
impairment in 14% of the sample. Our study also revealed that impairments in VPT children were equally distributed among reading,
spelling, maths, and in reading and spelling comorbidity (2.7% for each category), confirming the suggestion of Pritchard and
colleagues (Pritchard, Bora, Austin, Levin, & Woodward, 2014) that maths was more prominently delayed at 6 years, whereas reading
and maths were similarly affected at 9 years. Indeed, our study, differed from others (Johnson et al., 2011, 2016; Taylor et al., 2009)
and did not confirm that impairments in maths were more common than in reading at the end of primary school. Our findings could
be explained by the fact that we included VPT children with no neurological damages or intellectual disabilities, whereas, in a
previous study, math impairments were more frequently associated to cognitive deficits and lower gestational age (Johnson et al.,
2016).

4.1. Limitations

Some limitations of the current study need to be taken into account. First, the sample size of the present study was adequate to
detect medium to large effects, according to the previous literature on VPT children (Simms et al., 2013). However, since our study
revealed small to medium effect in VPT children, a further study with a larger sample could be carried out in order to detect also
subtle difficulties. A larger sample could be also useful to investigate differences in the academic achievement profile of VPT children
in function of their neonatal immaturity. Secondly, measures of socio-economic status (SES) were not collected in the present study,
even if the three samples were comparable for social background characteristics. The information of SES will be useful in further
studies to better generalize the findings and understand the role of this factor in moderating the effect of preterm birth on academic
achievement. Third, besides standardized tests, experimental tasks should also be used in future studies to assess online processes
underlying the delayed skills. Fourth, this cross-sectional study investigated the profile of learning skills in VPT children at the end of
primary school. Further longitudinal studies are needed to describe the developmental trajectories in adolescence and to confirm the
pattern of our results over time. Indeed, as described by Thomas et al. (2009) “an optimal design for studying developmental
disorders is to combine initial cross-sectional designs with longitudinal follow-up” (p. 336). In the end, in the present study we have
compared the academic achievement profile of VPT children with SLD peers. However, since several studies have revealed delays also
in attention and executive functions in VPT children (Mulder et al., 2009), further studies should be carried out in order to compare
VPT children with children with attention deficit hyperactivity disorder, characterized by such difficulties in the attentional and
executive function domains. The comparison with different populations with neurodevelopmental disorders will be very useful to
understand the developmental trajectory of VPT children.

5. Conclusions

The present study describes the learning profile of VPT children, pointing out two main considerations. First, according to a
neuroconstructivist approach, it suggests that biological and socio-environmental constraints associated with preterm birth lead to an
atypical development with residual delays in reading, spelling and maths at the end of primary school. However, this atypical
academic achievement profile in VPT children cannot be considered similar to that of SLD children, since delays were less widespread
(involving only some learning abilities, i.e., reading text speed, reading comprehension, non-word spelling, number knowledge,
written calculations and problem-solving) and less severe (i.e., mean scores comprised within —1 SD). In addition, phenotypic
markers were different between the two populations since VPT children showed lower skills than TD peers in phonological verbal
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fluency and verbal IQ, whereas SLD children showed lower scores in phonological processing and RAN. In the end, compared to TD
children, a higher rate of SLD children fell into the impaired category, with a high percentage of comorbidity among learning areas,
whereas VPT children showed a higher proportion of at-risk performance in reading. Considering the atypical and specific academic
achievement profile of VPT children at the end of primary school, follow-up programs and effective interventions on delayed abilities
should be proposed for the preterm population.
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