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Abstract

This study investigated whether primary school-aged children born with fetal growth restriction
(FGR) are at greater risk for poor communication, narrative skills, and reading and spelling skills
than children born with appropriate for gestational age (AGA) growth.

The participants belonged to a prospectively collected FGR cohort born in 1998−2001 at the
Oulu University Hospital, Oulu, Finland. The mothers with placental insufficiency were recruited
from the high-risk prenatal unit of the Oulu University Hospital, Oulu, Finland. This cohort of 73
FGR fetuses was followed-up prenatally until the deliveries at 24−40 gestational weeks.
Gestational age was confirmed in all cases with ultrasound before 20 gestational weeks. Fetal
growth restriction was defined as birth weight below the 10th percentile and/or significant
placental insufficiency (umbilical artery pulsatility index > 2SD for gestational age). Neonates
with chromosomal and structural anomalies were excluded. 36 AGA children (birth weight ≥ 10th
percentile for gestational age) were selected for the control group and matched with gestational
age and delivery within ± 2 weeks of the index FGR neonate.

Children born with FGR had more difficulties with all the studied language-based skills than
their gestational age and age-matched AGA peers. Children born with FGR were more likely to
have problems in communication skills than their AGA peers. The general communication skills
according to the CCC-2 questionnaire, which embodies communication skills as a whole and gives
a profile on the weaknesses and strengths of a child’s communication, were poorer for the FGR
group than the AGA group. Children in the FGR group produced less informative and shorter
narratives with simpler utterances than the children in the AGA group. Significantly more children
in the FGR group performed below the 10th percentile normal values in word reading skills than
children in the AGA group. 9- to 10-year-old third graders in the FGR group performed less well
in word reading and spelling skills, reading fluency and accuracy, as well as in reading
comprehension tasks than the third graders in the AGA group.

FGR was found to increase the risk for lower communication and narrative as well as reading
and spelling skills at primary-school age. As language-based skills form a basis for learning
abilities, the results of this study indicate a need for continuous linguistic evaluations of children
born with FGR. Early identification of these problems is vital to providing preventive targeted
support to children born with FGR to optimize their later academic performance.

Keywords: children, communication, fetal growth restriction, gestational age, narrative,
placental insufficiency, reading, school-age, spelling
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Tiivistelmä

Tutkimuksessa tarkasteltiin, eroaako lasten, joilla on todettu sikiöaikainen kasvunhidastuma
(FGR, fetal growth restriction), kommunikoinnin, kerronnan ja lukemisen sekä kirjoittamisen
taidot normaalisti kohdussa kasvaneiden lasten vastaavista taidoista alakouluiässä.

Tutkimuslapset kuuluivat vuosien 1998─2001 aikana syntyneeseen Oulun yliopistollisen sai-
raalaan syntymäkohorttiin. Tutkimukseen kutsuttiin äidit, joilla todettiin istukan vajaatoiminta.
Kasvultaan hidastuneiden sikiöiden (N=73) tilaa seurattiin 24–40 raskausviikoilla tapahtuneisiin
synnytyksiin saakka. Raskauden kesto vahvistettiin ultraäänitutkimuksilla ennen 20. raskaus-
viikkoa. Sikiöaikaisen kasvunhidastuman kriteerinä oli alle 10 persentiilin syntymäpaino raskau-
den kestoon suhteutettuna ja/tai merkittävä istukan toimintahäiriö (napavaltimon pulsatiliteetti-
indeksi > 2SD raskauden kestoon suhteutettuna). Kaikki lapset, joilla todettiin kromosomi- ja/tai
rakennepoikkeavuuksia suljettiin pois tutkimuksesta. Kohortin lapset kutsuttiin seurantatutki-
mukseen. Tutkimukseen osallistui 42 lasta, jotka tutkittiin vuosien 2007─2011 aikana Oulun yli-
opistollisessa sairaalassa (OYS) heidän ollessaan 8─10-vuotiaita. Kontrolliryhmänä toimivat
saman ikäiset, raskauden keston ja syntymäajankohdan (±2 raskausviikkoa) suhteen kaltaistetut
normaalipainoisina (syntymäpaino ≥ 10 persentiiliä suhteutettuna raskauden kestoon) syntyneet
lapset (N=31). Lapsilta tutkittiin kommunikointitaidot vanhempien täyttämällä kyselyllä. Lisäk-
si arvioitiin kerronnan taidot sekä lukemisen ja kirjoittamisen taidot.

Tuloksista kävi ilmi, että lapsilla, joilla oli todettu sikiöaikainen kasvunhidastuma, oli enem-
män vaikeuksia kaikissa tutkituissa, kieleen perustuvissa taidoissa verrattuna normaalisti kasva-
neiden kontrollilasten taitoihin. Arjen kommunikointitilanteet olivat heille haastavampia eivätkä
mahdolliset vahvuudet riittäneet kompensoimaan kommunikoinnin eri osa-alueilla ilmeneviä
haasteita. Lapset, joilla oli todettu sikiöaikainen kasvunhidastuma, käyttivät kuvasarjakerronnas-
sa lyhyempiä ja yksinkertaisempia lauseita kuin kontrollilapset. Lisäksi heillä oli enemmän vai-
keuksia ymmärtää kertomuksen sisältöä kuvissa näkyvien tietojen perusteella. Ryhmässä, jossa
lapsilla oli todettu sikiöaikainen kasvunhidastuma, oli merkitsevästi enemmän oppilaita, jotka
teknisen lukutaiton alueella kuuluivat alle 10 persentiilin heikompaan ryhmään. Lukemisen ja
kirjoittamisen vaikeudet ilmenivät erityisesti kolmosluokkalaisten lukemisen sujuvuudessa ja
tarkkuudessa sekä luetun ymmärtämisessä.

Yhteenvetona voidaan todeta, että sikiöaikainen kasvunhidastuma on yhteydessä varhaisessa
kouluiässä olevien lasten kommunikoinnin, kerronnan ja lukemisen sekä kirjoittamisen vaikeuk-
siin. Tutkitut kieleen perustuvat taidot muodostavat pohjan oppimiselle, minkä vuoksi on tärkeä
seurata lasten, joilla on sikiöaikainen kasvunhidastuma, kielellisten taitojen kehitystä varhaises-
ta lapsuudesta kouluikään. Näin voidaan varmistaa varhainen tuki näille lapsille, jotta oppimi-
sen taidot olisivat mahdollisimman hyvät kouluiässä.

Asiasanat: istukan vajaatoiminta, kerronta, kirjoittaminen, kommunikaatio, kouluikä,
lapset, lukeminen, raskauden kesto, sikiöaikainen kasvunhidastuma
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1 Introduction  
In 2019, about 6% of infants were born before 37 gestational weeks in Finland, and 
the incidence of fetal growth restriction (FGR) was about 3% according to the 
Finnish Institute for Health and Welfare (2020). Birth weight and gestational age 
are major determinants of survival without major complications (Vollmer & 
Edmonds, 2019). It is also widely recognized that FGR and placental insufficiency 
are risk factors for impaired neurocognitive development, and prematurity may 
intensify the undesirable consequences (Charkaluk et al., 2012). Severely growth-
restricted children with preterm delivery have been reported to be at the greatest 
risk for these difficulties (Kallankari, Kaukola, Olsén, Ojaniemi, & Hallman, 2015). 
However, term-delivered FGR fetuses may experience long-term effects on 
cognitive function as well. These difficulties emerge typically at school age and in 
adulthood (Lohaugen et al., 2013; Tideman, Maršál, & Ley, 2007).  Despite 
intensive research on FGR, the timing for delivery to optimize long-term outcomes 
is still under intensive evaluation.  

The communication skills of children start to develop from the first repeated 
social interactions with the caregivers (Dave, Mastergeorge, & Olswang, 2018) and 
are fundamental for a children’s development (Bishop & Baird, 2001). With 
advancing age, children must learn to understand and to use more complex speech 
and language utterances with other people. They learn social-communicative skills 
such as turn taking in conversation, the ability to listen and react in appropriate 
ways, as well as the use of gestures and eye contact, all of which support social 
interaction. They also learn to understand the intentions of communication partners, 
both peers and adults, to adjust their own thoughts and expressions in different 
situations (Buckley, 2003). Communication skills are the basis for the different 
types of relationships that are essential for playing and social communication 
(Buckley, 2003). Problems in communication are often related to intellectual 
abilities and challenges to behaviour and language structure, e.g. lexicon, syntax, 
semantics, and narration (Katsos & Bishop, 2011; Ketelaars, Cuperus, Jansonius, 
& Verhoeven, 2010; Ptok, 2005). 

Narrative skills start to develop together with communication and other 
language skills (Botting, 2010). The ability to tell stories requires appropriate 
vocabulary, language structure, and knowledge of linguistic schemes (Hudson & 
Shapiro, 1991; Johnston, 2008). Narrative skills also require interaction with 
common knowledge about the world along with cognitive and pragmatic skills 
(Cummings, 2017; Leinonen, Letts & Smith, 2000). These skills are essential to 
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expressing oneself and to understanding others in daily situations at home and at 
school (Bento & Befi-Lopes, 2010). Children need to understand what information 
is relevant in different situations and with different people (Leinonen et al., 2000).  
Narrative skills and literacy abilities are closely interconnected skills (Botting, 
2002; Mäkinen, Loukusa, Gabbatore, & Kunnari, 2018), and literacy abilities such 
as reading and spelling are critical for academic success (Mäkinen et al., 2018; 
Suggate, Schaughency, McAnally, & Reese, 2018; Torppa, Lyytinen, Erskine, 
Eklund, & Lyytinen, 2010). In that sense, challenges to learning to read and write 
may have negative consequences for social life and self-esteem (Bento & Befi-
Lopes, 2010).  

This study is part of an interdisciplinary study focusing on the influence of 
prenatal factors on long-term outcome in children with FGR. The aim of this study 
was to obtain detailed information about the potential effect of FGR on language-
related neurocognitive skills with a focus on communication, narrative, reading, 
and spelling skills.  
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2 Literature review 

2.1 Fetal growth restriction  

Antenatal maternal care is offered to all pregnant women in Finland, free of charge. 
Antenatal care includes ultrasound screening services and frequent visits to the 
primary caregiver’s office (nurse/general physician). Over 95 % of the women 
choose to participate in the first trimester in the combined screening for 
chromosomal abnormalities around 10-12 gestational weeks and fetal anomaly 
screening at 18-22 gestational weeks (Atrial fibrillation: Current Care Guidelines 
Abstract, 2019). Maternal blood pressure measurements and the estimation of fetal 
growth and the amount of amniotic fluid determined by the size of the uterus are 
included in all visits to the primary caregiver’s office. If problems are detected, or 
with risk pregnancies, the mothers are referred to maternity clinics in delivery 
hospitals.  

Fetal growth restriction (FGR) is defined as the failure to achieve genetically 
derived growth potential during the fetal period (Acharya, Wilsgaard, Berntsen, 
Maltau, & Kiserud, 2005; Gordijn et al., 2016). Maternal, placental, fetal and 
environmental factors all impact fetal growth. The most common cause for poor 
fetal growth is placental insufficiency, but FGR is also associated with fetal 
chromosomal and structural anomalies as well as maternal infectious diseases, 
substance abuse and malnutrition (Nardozza et al., 2017). The incidence of FGR is 
between 3 and 9% of pregnancies in the Western world, depending the diagnostic 
criteria used (Malhotra et al., 2019). Several terms for poor fetal growth have been 
used, such as small for gestational age (SGA), small for date (SFD), intrauterine 
growth restriction (IUGR) and FGR. Definitions for these terms vary among studies 
and the criteria have changed over the years, making the interpretation and 
comparison of earlier research results challenging (Lee, Chernausek, Hokken-
Koelega, &Czernichow, 2003). Furthermore, the diagnosis of FGR cannot be based 
solely on fetal size because a fetus with a growth percentile within normal limits 
may have not reached his genetically determined growth potential. Growth below 
the 10th growth percentile is commonly used to indicate poor fetal growth, but the 
cut-offs of the 5th and the 3rd percentiles have also been used, especially in the 
current literature. In the recent years, the scientific community has added Doppler 
ultrasound assessment of umbilical artery in the evaluation of these fetuses to better 



20 

identify the cause of FGR (Acharya, Wilsgaard, Berntsen, Maltau, & Kiserud, 2005; 
Gordijn et al., 2016) 

If poor fetal growth is detected, serial detailed clinical investigations will be 
performed. Evaluation of fetal structures and activity, the amount of amniotic fluid, 
and various Doppler measurements of placental and fetal central and peripheral 
circulations and fetal heart rate tracings are used to examine fetal wellbeing 
(Gordijn et al., 2016). Umbilical artery (UA) Doppler ultrasound measurements 
reflect placental function. Abnormal UA blood flow is associated with a decrease 
in the number of placental tertiary villi (Giles, Trudinger, & Baird, 1985), which 
indicates placental insufficiency because tertiary villi are responsible for nutritional 
and oxygen supply to the fetus. Umbilical artery pulsatility index (PI) can be 
measured from the free loop of the umbilical cord. The PI findings are categorized 
as normal, increased pulsatility (UA PI > 2 SD), or absent /reversed end-diastolic 
(ARED) flow (Acharya et al., 2005; Giles et al., 1985).  

Impaired transplacental nutrition and oxygen supply may further cause a 
redistribution of blood flow in favour of vital fetal organs, the heart, and the brain 
(Wladimiroff, vd Wijngaard, Degani, Noordam, van Eyck & Tonge, 1987). 
Significant impairment of placental function with the redistribution of blood flow 
and signs of congestive heart failure may require preterm delivery because no 
intrauterine treatment is available (Ganzevoort et al., 2020; Gordijn et al., 2016; 
Mäkikallio, Jouppila, & Räsänen, 2003; Mäkikallio, Jouppila, & Tekay, 2004). 
However, despite intensive research (Andraweera et al., 2016; Mäkikallio, 2008; 
Mäkikallio et al., 2012; Mäkikallio et al., 2016), optimal timing of delivery remains 
challenging because of complex maternal, placental, and fetal cross talk, difficulties 
in finding intensive non-invasive monitoring methods, and a lack of data on long-
term outcomes.   

Physiological adaptations that enable the fetus to survive in utero may cause 
permanent reprogramming of developing key organs with pathological 
consequences in later life (Godfrey & Barker, 2000). Non-optimal neurologic and 
neuropsychological outcomes with neurologic, neurocognitive, motor, and 
language delays have been reported among growth-restricted children (Levine et 
al., 2015; Murray et al., 2015; Sacchi et al., 2018; von Beckerath et al., 2013). These 
problems become more evident with advancing school-age and with a higher 
demand on executive cognitive functions (Kallankari et al., 2015; Morsing, Åsard, 
Ley, Stjernqvist, & Maršál, 2011; Tideman et al., 2007). 

Severe FGR may be a medical indication for the necessity of preterm delivery. 
Prematurity itself is a risk for language and learning skills at early school-age 
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(Heikkinen, Kallankari, Partanen, Korkalainen, Kaukola & Yliherva, 2020; 
Kallankari et al., 2015). Children born preterm have been found to experience 
greater difficulties with complex language functions, discourse comprehension and 
use of language in context (van Noort-van der Spek, Franken, Weisglas-Kuperus, 
2012), as well as in phonological awareness (Barre, Morgan, Doyle & Anderson, 
2011). Preterm birth is defined using gestational weeks. Gestational age refers to 
completed weeks between the first day of the last menstrual period and the day of 
delivery (The Committee on the Fetus and Newborn (CONF), 2004). In the era of 
early pregnancy ultrasound examinations, the gestational age is checked at the first 
trimester screening and the estimated delivery date is changed according to the fetal 
crown rump length measurement if the difference is greater than +/- 3-5 days from 
the date calculated from the last menstrual period (ACOG Committee Opinion No. 
700, 2017). The sub-categories of preterm and term births based on gestational age 
are presented in Table 1. 

Table 1. The classifications of full term and preterm births based on gestational age. 

Sub-category of birth Gestational age (weeks+days) 

Term > 37+0 

Late preterm 34+0 – 36+6 

Moderately preterm 32+0 – 33+6 

Very preterm 28+0 – 31+6 

Extremely preterm < 28+0 

(World Health Organization, 2018) 

2.2 The relationship between communication, narrative, and 
reading and spelling skills 

There is wide consensus on the relationship between communication and narrative 
skills (Arciuli J, Stevens K, Trembath D & Simpson I, 2013) and between narrative 
and literacy skills (Boudreau, 2008; Crosson & Geers, 2001; Mäkinen et al., 2018; 
Suggate et al., 2018; Thompson et al., 2015) all of which are based on language. 
Problems in communication are often related to general intellectual functioning, 
behaviour (Ketelaars et al., 2010), structural language, and linguistics (Ptok, 2005), 
and problems in these domains may have an influence on social acceptance (Katsos 
& Bishop, 2011). Communication and narration require the same skills:  precise 
structure, vocabulary, and accurate linguistic symbols (Botting, 2010; Botting, 
2002; Hudson & Shapiro, 1991; Johnston, 2008) along with a good working 
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memory, metalinguistic intelligence such as phonological (observing, 
discriminating, manipulating and remembering sounds), morphological (breaking 
down words into smaller units), and orthographic (capitalisation, hyphenation, 
punctuation, spelling) awareness and pragmatic skills referring to the ability to use 
language in an appropriate way, taking into consideration the social and 
conversational context. (Heilmann et al., 2010; Johnston, 2008). 

A relationship has been found between narrative skills and single-word reading 
skill (Barton-Hulsey et al., 2017; Botting, 2002) as well as between narrative and 
reading comprehension (Barton-Hulsey et al., 2017). In a follow-up study of 
typically developing Finnish-speaking children, story generation was connected to 
reading comprehension and word recognition skills when the children were 8 years 
of age (Mäkinen et al., 2018). In another follow-up study, oral narrative skills prior 
to school-age predicted reading comprehension at the age of 16 years (Suggate et 
al., 2018). Difficulties in narrative skills may reflect problems in linguistic, 
cognitive, and pragmatic abilities (Miniscalco, Nygren, Hagberg, Kadesjö, & 
Gillberg, 2006).  

Adequate narrative skills are important for academic performance, not only as 
a predictor of reading fluency and reading comprehension (Boudreau, 2008; 
Mäkinen et al., 2018; Suggate et al., 2018) but also to understand instructions and 
materials given verbally in teaching situations, which requires the ability to 
understand the implicit and literal meanings of words and utterances  (Grosson & 
Geers, 2001). Telling narratives and communicating are sophisticated and complex 
skills that require the interaction and coordination of both higher-order cognitive, 
linguistic, pragmatic, and social abilities (Veneziano & Nicolopoulou, 2019). These 
language skills are expected to be stable and adult-like at primary school-age (Barre 
et al., 2011).  

2.3 Communication skills 

Language and communication skills are necessary for a child’s cognitive and 
academic development. With advancing age, children participate in more 
demanding situations with different types of communication partners (Bishop & 
Baird, 2001), and they are expected to handle utterance interpretation on a 
competent level (Loukusa, Ryder & Leinonen, 2008). Teaching at school is based 
on language as is social interaction with other people (Bishop & Baird, 2001). 
Communication skills consist of multiple skills such as the ability to utilize the 
rules of language structure, to use language in different contexts, and to be 
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conscious of social rules and behaviour (Katsos & Bishop, 2011; Prutting, 1982). 
Communication also includes the ability to produce speech clearly at an 
understandable range and fluency (Hedge & Pomaville, 2016). Using syntactically 
varying utterances intelligibly is essential for functional communication (Bishop, 
2003; Katsos & Bishop, 2011). Semantically correct utterances require an 
understanding of words and phrases and their relationships (Ninio & Snow, 2018).  

Pragmatic language refers to the use of language in conversation and in 
different social contexts (Loukusa, Mäkinen, Gabbatore, Laukkanen-Nevala & 
Leinonen, 2017; Prutting, 1982) and includes the inner knowledge of social 
cognition, such as understanding the intentions of the communication partner and 
continuous processing of different information during conversation (Katsos & 
Bishop, 2011; Loukusa et al., 2017; Prutting, 1982; Ptok, 2005). Pragmatic 
language skills develop during childhood in this manner, (Loukusa et al., 2017) 
evolving the individual’s  ability to comprehend and express utterances in different 
contexts relevantly and using appropriately non-verbal communication like eye-
contact, facial expressions, and gestures (Bishop, 2004; Katsos & Bishop, 2011). 
Consequently, the ability to use language as an effective tool to interact across 
social contexts involving communicative intention implies good communicative 
competence (Lopes-Herrera, Abe, Bratanha, Bozza & Ferraro, 2013).  

Communication skills are challenging to evaluate in clinical situations with 
formal tests. A widely used method to screen communication skills is the Children’s 
Communication Checklist -2 (CCC-2), which is designed to give knowledge about 
a child’s communication skills in daily situations filled out by parents or other 
familiar people (Bishop, 2003). It measures language structure, language use, and 
social language skills and can be used to test 4- to16-year-old children (Bishop & 
McDonald, 2009). CCC-2 has been validated for use in clinical child populations  
(Helland, Biringer, Helland, & Heimann, 2009; Norbury, Nash, Baird, & Bishop, 
2004) and has been utilized to identify children with language impairment  (Helland 
et al., 2009) as well as to evaluate the language and pragmatic profiles of children 
with specific language impairment (SLI), Asperger syndrome (AS), autism 
spectrum disorder (ASD), and attention deficit hyperactivity disorder (ADHD) 
(Baixauli-Fortea, Miranda Casas, Berenguer-Forner, Colomer-Diago, & Roselló-
Miranda, 2019; Geurts & Embrechts, 2008; Helland et al., 2009; Timler, 2014; 
Vaïsänen, Loukusa, Moilanen, & Yliherva, 2014)  
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2.4 Narrative skills 

Narratives are elements of the everyday discourse of school-aged children and their 
teachers  (Barton-Hulsey, Sevcik, & Romski, 2017), family members, and other 
people (Botting, N., 2010; Botting, 2002; Hudson & Shapiro, 1991; Johnston, 
2008). A narrative is a story that tempts the companion to listen, expresses 
information with characters as part of a scheme, and a narrative ends a set of 
schemes in a meaningful way (Heilmann, Miller, Nockerts, & Dunaway, 2010).  
Fluent narration demands good working memory, meta-linguistic intelligence, and 
pragmatic skills like sensitivity to the listener’s knowledge, interests, needs, and 
reactions to make quick adjustments, if required (Heilmann, Nockerts, & Miller, 
2010; Johnston, 2008; Norbury, Gemmell, & Paul, 2014) All these types of 
knowledge, combined with the natural speed of language production, contribute to 
the cognitive demands of narratives (Colozzo, Morris, & Mirenda, 2015). To 
produce good narratives, children need general knowledge about the world around 
them, story knowledge like how to start and end a story, structural knowledge about 
producing a narrative with a distinguishable beginning, middle, and end, and how 
to link these elements to form a scheme. Linguistic knowledge of vocabulary and 
a variation of syntactic forms is needed to create an appropriate narrative (Colozzo, 
Gillam, Wood, Schnell, & Johnston, 2011; Norbury et al., 2014). 

 The ability to tell narratives is considered a basic language skill acquired in 
childhood as personal narratives comprise around 80% of our everyday language 
(Botting, 2010). Narrative skills start to develop with other language skills at an 
early age and continue to develop throughout the school years, becoming more 
syntactically and episodically complex (Bento & Befi-Lopes, 2010). Developing 
children as early as the age of 2 years 6 months typically know a lot about their 
surroundings, and at 3 years of age, children are able to tell about real-life events 
with emotional expressions (Stein & Albro, 1997). The quality of the narrative 
continues to become diverse with advancing age (Bishop & Donlan, 2005) with 
more prolonged, more episodically and syntactically complex contents  (Bento & 
Befi-Lopes, 2010; Katsos & Bishop, 2011; Mäkinen, Loukusa, Nieminen, 
Leinonen, & Kunnari, 2014; Mäkinen et al., 2018). Different narrative elements 
have been found to develop at different paces. Linguistic structure continues to 
develop until around 10 years of age (Ukrainetz, Justice, Kaderavek, Eisenberg, 
Gillam & Harm, 2005), and narrative complexity continues to develop until the 
teen years (Bishop, 2004; To, Stokes, Cheung, & T'sou, 2010). 
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Narrative skills have been studied with different measurements, depending on 
what type of information is needed. One method to measure narrative skills in 
linguistic studies is a story-generating task. This method is used for example in 
Frog, where are you? (Mayer, 2003); the Expression, Reception and Recall of 
Narrative Instrument, the ERRNI test (Bishop, 2004); the Edmonton Narrative 
Norms Instrument, the ENNI test (Schneider, Dupé & Hayward, 2005); and 
Kissatarina – Lapsen kerrontataitojen arviointimenetelmä (Cat story – Children’s 
narrative assessment) (Mäkinen, 2019), in which children are asked to create stories 
from sequencing cards or a wordless, pictured storybook. The propositional content 
is compared to the story content provided by the child when analysing the 
information of the story and story comprehension. Propositional assumptions of 
factual and false beliefs as well as emotions are used to determine whether or not a 
child interprets these features when composing their story (Bishop & Donlan, 2005). 
The story-generation task allows a child to access a broad range of structural 
variation and content, generally offering a good indication of vocabulary or word-
finding skills (Vandewalle, Boets, Boons, Ghesquière, & Zink, 2012). This task 
challenges the child’s ability to interpret pictures and draw conclusions about 
events (Miniscalco et al., 2006). Retelling a story gives information on how much 
the child remembers from the content afterwards (Bishop & Donlan, 2005), which 
reflects how much information the child is able to store in their long-term memory 
(Bishop, 2004). In contrast, Dodwell and Bavin (2008) have written that it is easier 
for a child to remember a story they have composed themselves instead of 
remembering a story they have heard from a tester. 

 The length of the produced story is one measurement used to assess language 
skills. Language skills can be measured with the amount of words and utterances 
used and by counting the mean length of utterances (MLU) either in morphemes or 
in words (MLUw) (Bishop & Donlan, 2005; Fey, Catts, Proctor-Williams, Tomblin, 
& Zhang, 2004; Ukrainez et al., 2005). Linguistic elements such as ‘for example’, 
however’, ‘but if’ used to generate cohesion in narratives are called cohesive 
markers, which can refer to earlier words (Halliday & Hasan, 2013). Adverbs such 
as ‘where’, ‘when’ and conjunctions ‘both..and’, ‘either..or’ also clarify the 
relationship between different words in a narrative  (Halliday & Hasan, 2013). The 
number of cohesive markers has been found to increase with age and with longer 
MLU (Petersen, Gillam, Spencer, & Gillam, 2010). Syntactic complexity such as 
length of production, sentence complexity and subordinate clauses measured using 
MLU is a powerful predictor for differentiating language impairment from 
typically developing peers (Botting, 2002; To et al., 2010). In practice, narration 
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makes it possible to evaluate language structure and language use along with 
cognitive performance (Botting, 2010; Botting, 2002; Hudson & Shapiro, 1991; 
Johnston, 2008).  

2.5 Reading and spelling skills 

Learning to read and write are basic tasks for children during their early school 
years. Reading is defined from the cognitive point of view as ‘a set of external 
symbols that represent words, which in order to be understood and verbalised, need 
to be mentally represented and connected to the corresponding items of the mental 
lexicon’ (Landerl et al., 2013). According to a widely used theoretical model of 
reading acquisition (Frith, 1985), the first stage is logographic reading, during 
which children learn to identify words as a whole in their surroundings (e.g. the 
names of shops) and learn to understand the meaning of these words. In the second, 
alphabetic stage, children learn to focus on single characters of the alphabet and 
learn to decode them to phonemes and to link these characters to syllables and 
words. Decoding is based on phonemic knowledge, letter-sound knowledge, which 
is a part of the phonological awareness through which awareness of the sounds 
develops to the word level (Lyytinen et al., 2006; Suggate et al., 2018; Thompson 
et al., 2015). Along with adequate phonological skills, children start to read more 
fluently when they reach the third, orthographic stage, which is being able to read 
whole words (Bryant, Nunes, & Barros, 2014; Landerl & Wimmer, 2008; 
Thompson et al., 2015). Spelling to dictation is an ability to decode words from 
sounds to graphemes and their written forms, letters in order to be able to write the 
words (Lyytinen, Erskine, Hämäläinen, Torppa & Ronimus, 2015) and there is a 
consensus that reading and spelling are strongly interconnected (Torppa, Georgiou, 
Niemi, Lerkkanen, & Poikkeus, 2017). 

Automatized word recognition and reading fluency are integral skills for 
reading comprehension (Lyytinen et al., 2006; Papadimitriou & Vlachos, 2014; 
Perfetti, Landi, & Oakhill, 2005), which in its simplest form is defined as being 
able to read fluently and understand the given text at a reasonable level  (Stuart, 
Stainthorp, & Snowling, 2008). In other words, reading comprehension is a 
complex cognitive linguistic process involving phonology, morphology and syntax, 
semantics, knowledge about text composition, and pragmatics, along with attention, 
executive function, and memory (Schwartz, 2009). Visual abilities are also needed 
to attain a clear image of each word and utterance (Jainta & Kapoula, 2011). 
Sufficient vocabulary is an important part of reading comprehension. A child needs 
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decent vocabulary to understand the meaning of the separate words and to make a 
synthesis of what they already know about the subject (Butcher & Kintsch, 2013). 
Reading comprehension involves combining reading with thinking as it is a 
prerequisite for advancement in academic domains (Cano, García, Berbén, & 
Justicia, 2014). Reading and spelling skills, along with oral language skills, are 
tightly connected to reading comprehension (Kajamies, Poskiparta, Annevirta, 
Dufva, & Vauras, 2003; Papadimitriou & Vlachos, 2014). 

2.6 Fetal growth restriction and language-related skills 

There is a wide range of studies on the long-term consequences of SGA (Guellec 
et al., 2016; Rooney, Hay & Levy, 2003; Volmer & Edmonds, 2019) and some 
studies have explored the association between IUGR and neurodevelopment 
throughout childhood (Geva, Eshel, Leitner, Valevski, & Harel, 2006; Geva, Eshel, 
Leitner, Fattal-Valevksi, & Harel, 2008, Geva et al., 2009). However, only a few 
studies have evaluated neurocognitive outcomes at school-age,  defining  the 
aetiology of FGR explicitly as in the present study (Kallankari et al., 2015; Morsing 
et al., 2011; Tideman et al., 2007). Previous studies on IUGR /and FGR (Charkaluk 
et al., 2012; Geva et al., 2006; Geva et al., 2008; Geva et al., 2009; Korzeniewski 
et al., 2017; Leitner et al., 2007; Lohaugen et al., 2013) have reported that poor 
fetal growth is a risk factor for impaired cognitive competence, intelligence 
quotient (IQ), verbal IQ, and school achievement, as well as poor language-related 
findings. These studies have reported lower academic achievement of children aged 
6 to 7 years (Geva et al., 2009) and 8-years (Charkaluk et al., 2012), problems in 
the phonological skills of 9-year-old children (Geva et al., 2006), and lower full-
scale IQ and verbal IQ of 8-year-old children (Morsing et al., 2011).  

Prematurity together with poor fetal growth has been found to increase risks 
even further (Geva et al., 2006; Geva et al., 2008; Geva et al., 2009; Korzeniewski 
et al., 2017; Morsing et al., 2011). Kallankari et al. (2015) have studied children 
with very preterm birth and found that FGR was the  only independent risk factor 
for poor neurocognitive outcome. FGR predicted problems in language and 
memory-learning in psychological tests at 9 years of age compared to term-born 
peers. Similarly, Korzeniewski et al. (2017) have reported that 10-year-old children 
born extremely preterm with severe restriction in fetal growth performed poorly in 
language and in pragmatic and social interaction, such as coherence, using context, 
non-verbal communication, and interests. Term-born children with poor fetal 
growth have also been reported to experience long-term effects on cognitive 
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functions  (Geva et al., 2008; Leitner et al., 2007), and this negative influence on 
neurocognitive development continues to emerge in adulthood (Lohaugen et al., 
2013; Tideman et al., 2007).  

However, detailed knowledge of the influence of FGR, defined as birth weight 
below the 10th centiles for gestational age and / or significant placental 
insufficiency verified with Doppler ultrasound, on communication and narrative 
skills and on reading and spelling skills is missing. 
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3 Aims of the study 
The purpose of this study was to explore the communication and narrative skills as 
well as the reading and spelling skills of primary school-aged children born with 
fetal growth restriction (FGR). 

The specific aims were: 

I  To compare the overall communication skills of 8- to 10-year-old children born 
with FGR to the skills of their peers with appropriate for gestational age (AGA) 
growth. (I) 

II  To evaluate the narrative skills of 8- to 10-year-old children born with FGR 
compared to their appropriate for gestational age (AGA) born peers. (II)  

III  To study the reading and spelling skills of 8- to 10-year-old children born with 
FGR compared to their appropriate for gestational age (AGA) born peers. (III) 
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4 Materials and methods 
The study groups, aims, and measurements/tests used in different studies (I‒III) are 
shown in Table 1. Measurements, test procedures, and test scores in communication 
(CCC-2), narration (ERRNI-test), and reading and spelling (Word-chain test, Ytte-
test, Lukilasse-test) are presented in Appendix 1. 

Table 2. Study groups of fetal growth restriction (FGR) and appropriate for gestational 
age (AGA), aims and measurements/tests   used in Studies I‒III.  

Studies Study I Study II Study III 

Study groups FGR n=42  

AGA n=31 

FGR n=36 

AGA n=31 

FGR n=37 

AGA n=31 

Aims Communication skills 

language, pragmatics, 

social interaction 

Narrative skills  

story composition, 

retelling, story 

comprehension, mean 

length utterance in 

words, forgetting index 

Reading and spelling skills 

word reading, reading 

comprehension, reading 

fluency, reading accuracy, 

orthography 

Measurements/Tests Children’s 

Communication 

Checklist -2 (CCC-2) 

Expression, Reception 

and Recall of Narrative 

Instrument (ERRNI) 

Word-chain test (word 

reading, orthography), Ytte 

test (reading 

comprehension, reading 

fluency, reading accuracy), 

Lukilasse test (orthography) 

4.1 Subjects 

4.1.1 Children born with fetal growth restriction 

The participants belonged to a prospectively collected FGR cohort born between 
the years 1998 and 2001 at the Oulu University Hospital, Oulu, Finland (Mäkikallio, 
Räsänen, Mäkikallio, Vuolteenaho, & Huhta, 2008).  The mothers were recruited 
from the high-risk prenatal unit of the Oulu University Hospital. This cohort of 73 
FGR fetuses was followed-up prenatally until the deliveries at 24−40 gestational 
weeks. Gestational age was confirmed with ultrasound before 20 gestational weeks 
in all cases. Pregnancies with major structural and chromosomal abnormalities, and 
those complicated by acute inflammation of the membranes and chorion of the 
placenta and/or ruptured membranes (‘water breaks’) were excluded. None of these 
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fetuses demonstrated significant signs of birth asphyxia. Fetal growth restriction 
was defined as birth weight below the 10th percentile and/or significant placental 
insufficiency (umbilical artery pulsatility index > 2SD for gestational age) 
(Acharya et al., 2005; Hadlock, Harris, & Marinez, 1991). When the children were  
8−10-years they were invited by mail and/or telephone and asked to participate in 
this follow-up study (Korkalainen, Partanen, Räsänen, Yliherva, & Mäkikallio, 
2019). 65 children and their families were invited to participate in the speech and 
language assessment. We were unable to recruit 23 families due to inaccurate 
contact information or refusal to participate because of the long distance to the 
study site and insufficient Finnish language. This left 42 children born with FGR 
in the study group. All children included were Finnish (Caucasian), and their native 
language was Finnish. Figure 1 describes the study protocol and shows the number 
of children included in Studies I-III. 

4.1.2 Children born with appropriate for gestational age 

36 children with appropriate for gestational age (AGA, birth weight ≥ 10th 
percentile for gestational age) (Hadlock et al., 1991)) formed the control group. 
These were matched with gestational age and delivery within ± 2 weeks of the 
index FGR neonate (Figure 1), who were selected from delivery room records at 
Oulu University Hospital, Oulu, Finland. They were approached by mail and/or 
telephone and asked to participate in this study (Korkalainen et al., 2019). One child 
in the control group died neonatally and due to significant prematurity-related 
problems identified in the medical records and confirmed by the parents. Four 
control children were excluded due to severe handicaps, which left 31 children in 
the control group (Figure 1). 



33 

Fig. 1. Flow diagram of the included and excluded children in the cohorts prenatally 
collected between the years 1998 and 2001. 42 children in the FGR (fetal growth 
restriction) group and 31 children in the AGA (appropriate for gestational age) group 
participated in the assessments performed by speech and language therapists. 
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4.1.3 Characteristics of the studied groups 

The ratio of term, late preterm, moderately preterm, very preterm, and extremely 
preterm born children were similar in the FGR and AGA groups (Table 2). All 
children included in this study participated in the national health follow-up program 
during their childhood. Children born prior to 32 gestational weeks were frequently 
screened during their first year of life according to the recommendations of 
paediatricians in Oulu University Hospital.  

Table 3. Number of participants in different gestational age groups of children with fetal 
growth restriction (FGR) and appropriate for gestational age (AGA) growth. Values 
are %(n). 

Gestational weeks FGR n=42 AGA n=31 

>37  40 (17) 39 (12) 

32-36 29 (12) 29 (9) 

28-31 21 (9) 19 (6) 

24-27 10 (4) 13 (4) 

The characteristics of the groups did not differ significantly from each other, but 
the FGR group had received special education at school age more frequently 
(p=0.016) than their AGA peers (Table 3). Children with FGR had more often 
received speech and language therapy at preschool age (p=0.05) than the children 
in the AGA group (Table 2).  The indications for speech and language therapy were 
difficulties in language skills (10/20 children with FGR and 2/10 children with 
AGA) and articulation disorders (12/20 children with FGR and 8/10 children with 
AGA). Approximately 65% of the children in both groups had received speech and 
language therapy once a week or once every other week for approximately two 
years from the age of four to six years. The rest of the children had received speech 
and language therapy for less than once a week for a 6- to 12-month period. 58% 
of the children in the FGR group were first born when in the AGA group 35% of 
children were first born (p=0.003) (Table 3). 
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Table 4. Background information on the group with fetal growth restriction (FGR) and 
the group with appropriate for gestational age (AGA) growth. The values are median 
(range), % (n). 

 Study I 

FGR n=42 

Study II 

FGR n=36 

Study III 

FGR n=37 

Studies  

I, II, III 

AGA n=31 

Child     

Female 57 (24) 56 (20) 57 (21) 58 (18) 

Age at study entry, year:month  9:1 (8:8-10:7) 9:1 (8:8-10:2) 9:1 (8:8-10:6) 9:1 (8:10-9:10) 

Gestational age at delivery, 

weeks 

35 (24-40) 35 (24-40) 35 (24-40) 35 (26-40) 

Preterm (< 37 weeks) 60 (25) 58 (21) 57 (21) 61 (19) 

Birth weight, grams 1733 (370-

2940) 

1733 (370-

2940) 

1750 (370- 

2940) 

2700 (815- 

4300) 

Umbilical artery pulsatility index 

≥2SD 

60 (25) 69 (25) 68 (25) 0 

Neonatal complications     

Respiratory distress 

syndrome 

28 (11)  24 (9) 22 (7) 

Bronchopulmonary 

dysplasia 

18 (7)  16 (6) 3 (1) 

Retinopathy of prematurity 8 (3)  8 (3) 0 (0) 

Intraventricular 

haemorrhage 

8 (3)  5 (2) 0 (0) 

Necrotizing enterocolitis 3 (1)  3 (1) 0 (0) 

Diagnosis/Therapies prior to study entry 

Disability/Handicap 10 (4) 9 (3) 9 (3) 16 (5) 

Hearing impairment 5 (2) 5 (2) 6 (2) 3 (1) 

Speech and language 

therapy 

55 (23) 58 (21) 60 (22) 32 (10) 

Special educationa 24 (10) 25 (9) 24 (9) 3 (1) 

Physio/occupational 

therapy 

31 (13) 32 (12) 31 (12) 32 (10) 

Mother     

Age at delivery, years 31 (18-41) 30 (18-41) 30 (18-41) 31 (21-43) 

Educationa     

University 31 (13) 35 (12) 34 (13) 33 (10) 

Vocational education 62 (26) 58 (21) 57 (21) 67 (21) 

Compulsory education 7 (3) 8 (3) 8 (3) 0 
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 Study I 

FGR n=42 

Study II 

FGR n=36 

Study III 

FGR n=37 

Studies  

I, II, III 

AGA n=31 

Family     

Siblings     

First born child  58 (21)  36 (11) 

Second born child  31 (11)  16 (5) 

Third or later born child  11 (4)  48 (15) 

Speech/language/learning 

problems among siblings 

 23 (8) 22 (8) 30 (9) 

Parental background     

Two parents  89 (34) 92 (33) 74 (23) 

Single parent  8 (3) 8 (3) 19 (6) 

Missing value    7 (2) 

Note: aCompulsory education refers to the compulsory 9-year primary and middle school programme for 

all Finnish children, and vocational education refers to a 3-year programme that provides practical 

occupational fields of study. Special education includes participation in mainstream education with special 

assistance or attendance in a special class/school. 

4.2 Data collection  

Speech and language assessments were made during the years 2007-2011 when the 
children were aged 8 years 8 months to 10 years 7 months. The parents were asked 
to fill in questionnaires to explore parental background and education along with 
the children´s possible diagnoses and therapies prior to study entry, children’s 
school achievement and speech and language skills. Data sheets included questions 
concerning maternal age and education, number of siblings in the family, speech 
and language therapy / other therapy / special education received by the child, the 
child’s visual and hearing impairments, and other possible disabilities and diseases. 
The characteristics of the groups and their differences are presented in Table 3. 

The test battery included screening methods for communication skills (the 
Children´s Communication Checklist-2, CCC-2), narrative skills (Expression, 
Reception and Recall of Narrative Instrument, ERRNI), and reading and spelling 
skills (the YTTE test, Lukilasse test and Word-chain test). Subtests of the ERRNI 
and YTTE tests were videorecorded and transcribed by the researcher (LP). The 
duration of the assessment varied from 60 to 120 minutes including one 15- to 30-
minute break during the ERRNI test to take a pause between the initial storytelling 
and the retelling. Measurements, test procedures, and test scores are presented in 
Appendix 1. 
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4.2.1 Children’s Communication Checklist -2 

A Finnish version of the CCC-2 questionnaire (Bishop, 2003; Yliherva, Loukusa, 
& Väisänen, 2015) with British norms  (Bishop, 2003) for 8−10-year-old children 
was employed because standardized normative data for Finnish-speaking children 
was only available for 4−9-year-old children at the time of data collection. The 
CCC-2 questionnaire was completed by parents after oral instructions given by the 
researcher (see Yliherva et al., 2015 see Bishop, 2003) 

The CCC-2 contains 10 subscales: Speech, Syntax, Semantics, Coherence, 
Inappropriate initiation, Stereotyped language, Use of context, Non-verbal 
communication, Social relationships and Interests (Bishop, 2003). Each subscale 
category was analysed using scaled scores defined by the age group; the higher the 
score, the better the performance. Subscales give information about a child’s 
language structure, language use, and social behaviour (Väisänen et al., 2014). Two 
composite scale scores were given: the General Communication Composite (GCC) 
and the Social Interaction Deviance Composite (SIDC). GCC distinguishes 
children with language impairment from typically developing children, and the 
SIDC provides an index of mismatch between structural language skills and 
pragmatics/social behaviour skills. Bishop recommends evaluations of percentiles 
as follows: ‘CCC-2 subscales and the GCC scores above or at the 15th percentile 
should be regarded as within normal limits, scores around the 10th percentile in 
more than three subscales out of 10 or in the GCC indicate a need for further 
investigation, and scores ≤ the 5th percentile in two or more subscales suggest 
clinically significant communication problems. In the GCC, the cut-off scores of ≤ 
60, ≤ 54, ≤ 45 refer to the 15th, 10th and 5th percentiles respectively’.  The present 
study used the 15th percentile values as the cut-off as these values are considered 
to indicate the level of normality (Bishop, 2003). According to Bishop (2003) 
performances < 15th percentile threshold value mean potential communication 
problems and performances < 10th and < 5th percentile severe impairment in 
communication skills. The effect of age on CCC-2 performance was analysed by 
forming subgroups according to the age at assessment, the cut-off point was 9:0 
years as in the original scoring system by Bishop (2003). Short descriptions of the 
subtests and values indicating <15th and <10th percentile threshold levels are 
presented in Appendix 2. 
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4.2.2 Expression, Reception and Recall of Narrative Instrument 

The Expression, Reception and Recall of Narrative Instrument (ERRNI) test 
(Bishop, 2004) was used to measure the expressive language and story 
comprehension of a child. The test measures an individual’s ability to narrate, retell, 
and understand the idea of a pictured story (Bishop, 2004). Ideas of initial 
storytelling and retelling a story without looking at the picture book reflect the 
ability of an individual to interpret the pictured story and describe it verbally. The 
forgetting index, which can reveal deficiencies in verbal long-term memory, was 
calculated. The comprehension questions about the essential episodes of the story 
were asked after retelling the story to evaluate whether the child had understood 
the main ideas. The narrative productivity was measured by mean length of 
utterances in words (MLUw). The expected ERRNI standard scores should be close 
to 100 with a standard deviation (SD) of 15 for the average performance (Bishop, 
2004). Short descriptions and threshold values indicating performances -1SD and -
2SD of the ERRNI test are presented in Appendix 3. Two age groups were formed 
while the ERRNI test results were standardized according to age, with a cutting 
point of 9:0 years.  

4.2.3 Reading and spelling skills 

The Word-chain test (Nevala & Lyytinen, 2000a; Nevala & Lyytinen, 2000b) is a 
standardized test for Finnish second to sixth graders aged 8 to 12 years. It gives 
information about processes in children’s word reading skills. The test measures 
skills connected to technical reading such as orthographic (letter knowledge) and 
phonologic word recognition, word identification, and word segmentation. It 
evaluates how accurate and fast a child identifies words from different contexts. 
The Ytte test (Kajamies, Poskiparta, Annevirta, Dufva, & Vauras, 2003) is 
standardized for Finnish second and third graders aged 8 to 10 years. It measures 
reading and listening comprehension, reading fluency, and reading accuracy. 
Stories about the cats Moris (2nd grade) and Vilpe (3rd grade) were selected from 
a series of stories and factual texts and assignments. The Lukilasse test (Häyrinen, 
Serenius-Sirve, & Korkman, 1999) is a screening test of reading, writing, and 
mathematics for Finnish first to sixth graders aged 7 to 12 years. Orthography was 
selected from a group of subtests to obtain information about a child’s ability to 
spell and write dictated words. In general, Finnish children start their second grade 
at school when they turn 8 years and their third grade when they turn 9 years.  
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While the raw scores for each literacy test were comparable only within each 
school grade, the outcome was dichotomised as extremely weak performance 
(<10th percentile of the normal population) and performance within the normal 
range (≥10th percentile of the normal population) (Häyrinen et al. 1999, Kajamies 
et al., 2003; Nevala & Lyytinen, 2000). All tests were standardized for Finnish-
speaking primary-school-aged children for different grades. Appendix 4 presents 
the maximum scores, the normal range, and the 10th percentile cut-off scores of 
normative data for second and third graders in these tests.  

4.3  Statistical analysis 

Categorical data on the groups’ characteristics and dichotomic test results were 
subjected to cross-tabulation analysis with Fisher’s exact test. While the 
distributions of the test scores were skewed, and the variances of the FGR and the 
AGA study groups were unequal, the Mann-Whitney U test was employed to 
analyse differences between performances of the FGR and AGA groups. Medians, 
quartiles, and minimum and maximum values were calculated from standard scores. 
The possible correlations between narrative skills, communication, and reading and 
spelling skills were examined with Spearman Correlation Coefficient with 2-tailed 
signification. The statistical analyses were performed by using SPSS version 21.0 
for Windows (IBM Corp., Armonk New York, USA).  

4.4 Ethical considerations 

The study was approved by the ethical committee of Oulu University Hospital, 
Oulu, Finland. Written parental informed consent was required prior to study entry. 
Written permission for videotaping was obliged.  All children were assured that 
they could discontinue the ongoing measurement at any moment. All data on the 
participants were coded and handled anonymously. 
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5 Results 
The main results of Studies I, II and III on the communication, narrative, and 
reading and spelling skills of the children in the FGR group are presented in Table 
4.  

Table 5. The main results of studies of communication profile (Study I), narrative skills 
(Study II), and reading and spelling skills (Study III) in primary-school-aged children 
born with fetal growth restriction (FGR) in comparison with their appropriate for 
gestational age (AGA) peers. 

Study Study groups (N) Measurements Main results 

Study I FGR n=42  

AGA n=31 

Children’s Communication 

Checklist -2    (CCC-2) 

FGR children had significantly more 

problems using syntax and context 

and in the GCC. 

Study II FGR n=36  

AGA n=31 

Expression, Reception and 

Recall of Narrative 

Instrument (ERRNI) 

FGR children had significantly more 

problems in storytelling, retelling, and 

MLUw.  

Study III FGR n=37  

AGA n=31 

Word-Chain test Ytte test      

Lukilasse test 

Significantly more FGR children 

performed below the 10th percentile 

in word recognition, word 

identification, orthography, and in 

reading comprehension.  

FGR, fetal growth restriction; AGA, appropriate for gestational age; GCC, general communication 

composite; MLUw, mean length utterance in words. 

5.1 Communication skills (Study I)  

Children in the FGR group performed significantly poorer in syntax (subscale B) 
according to the CCC-2 questionnaire filled in by parents. Difficulties emerged in 
using insufficient and short utterances. The FGR group used their first names when 
speaking about themselves, such as ‘Tiina takes’ instead of ‘I take’. The FGR group 
also had problems with grammatical tenses. It was not always clear if a child was 
speaking about something that had happened in the past or will happen in the future. 
However, CCC-2 subscale scores representing speech, syntax, semantics, and 
coherence (subscales A-D) demonstrated that half of the FGR group performed as 
well as the children in the AGA group (Fig. 2). At the same time, the FGR group 
had scores in lower quartiles more frequently than their AGA peers, and their 
minimum scores were lower. Nearly one quarter of the FGR group performed 
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below the 15th percentile in pronunciation (A. Speech) and in understanding the 
meanings of words and phrases (C. Semantics) 

Fig. 2. Standard scores of language structure (A-D) measured with the Children’s 
Communication Checklist-2 in the fetal growth restriction (FGR, n=42) group and the 
appropriate growth for gestational age (AGA, n=31) group. Equating threshold values 
were the following: 15th percentile=6 standard score, 10th percentile=5 standard score, 
5th percentile=4 standard score. 

The FGR group also had significantly more problems understanding contextual 
situations in their communication (G. Use of context, Figure 3), which was detected, 
for example, in misunderstanding jokes or in literal interpretations of descriptive 
words and utterances. Their communication was better with adults than with their 
peers. The FGR group also more often failed to understand when to be polite 
without criticizing the people around them than the AGA group. There were no 
significant differences between groups in subscales, which present social behaviour 
(I. Social relationships and J. Interests). 
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Fig. 3. Standard scores of language use (subscales E-H) measured with Children’s 
Communication Checklist-2 (CCC-2) in the fetal growth restriction (FGR, n=42) group 
and the appropriate for gestational age (AGA, n=31) group. Equating threshold values 
were the following: 15th percentile=6 standard score, 10th percentile=5 standard score, 
5th percentile=4 standard score. 

The General Communication Composite (GCC) evaluates a child’s abilities in 
general and gives a profile of the strengths and weaknesses in the child’s 
communication. The performance of the FGR group in GCC was significantly 
poorer than that of their AGA peers (p=0.05). Nineteen percent (n=8) of the FGR 
group performed below the 15th percentile threshold value. One of these children 
performed below the 10th percentile and five of them performed below the 5th 
percentile value. Seven percent in the AGA group (n=2) performed below the 10th 
percentile cut-off value. The scores for the social interaction deviance composite 
(SIDC) did not differ significantly between the two groups. 

The communication problems became more evident at the age of 9 years (FGR, 
n=29, AGA, n=20). Children in the FGR group performed significantly poorer in 
pronouncing words clearly at a normal rate and in fluency of speech (A, Speech, 
p=0.04) than the AGA group. The FGR group used shorter utterances and less 
complicated grammar (B, Syntax, p=0.01) than the AGA group. The FGR group 
also tended to set phrases inappropriately, focusing on their own specific interests 
(F, Stereotyped language, p=0.03 and J, Interests, p=0.04) compared with the age-
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matched children in the AGA group. The FGR group scored significantly poorer on 
the GCC (p=0.05) than the AGA group at the age of 9 years and older. However, 
there were no significant differences in the performance of the FGR and AGA 
groups in CCC-2 (n=13) and (n=11), respectively, for children younger than 9 years 
of age.  

Regardless of gestational age, FGR had a negative influence on children’s 
communication skills. Term-born children with FGR (n=17) used significantly 
more stereotyped language (subscale F, p=0.034) and their overall communication 
skill (GCC, p=0.021) was poorer than that of full-term AGA children (n=12). 
Preterm children and with FGR (n=25) had significantly lower scores in using 
context (subtest G, p=0.042) than their preterm AGA peers (n=19).  

5.2 Narrative skills (Study II) 

In the ERRNI test, the FGR group produced significantly (p=0.001) less relevant story 
content in narrating their own story (Initial storytelling) and in retelling the story 
(p=0.01) than the AGA group (Figure 4).  
The FGR group produced significantly shorter and simpler utterances measured with 
MLUw in their narratives than the AGA group (p=0.001). There were no significant 
differences between the groups in forgetting index and story comprehension tasks.  
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Fig. 4. Standard scores of the Expression, Reception and Recall of Narrative Instrument 
(ERRNI) test subscales in the fetal growth restriction (FGR) group and the appropriate 
for gestational age (AGA) group. The lines indicate normal level (100), -1SD (85), and -
2SD (70). 

At the age of 9 years or more, children in the FGR group used significantly shorter 
utterances measured with MLUw in their storytelling (p=0.01) than the age-
matched children in the AGA group. The children younger than 9 years old in the 
FGR group performed significantly poorer in initial storytelling (p=0.011), retelling 
(p=0.023), comprehension tasks (p=0.025), and MLUw (p=0.034) than their age-
matched AGA peers. 

FGR had a negative influence on children’s narratives regardless of gestational 
age. Term-born children in the FGR group (n=17) produced shorter utterances 
(MLUw, p=0.028) than their term-born AGA peers (n=12). Likewise, the children 
born preterm in the FGR group (n=21) created significantly poorer story content 
(initial storytelling, p=0.001) than the AGA children born preterm (n=19). The 
children born preterm in the FGR group also had more difficulties in retelling their 
own stories (p=0.020) and understanding story content (comprehension, p=0.015) 
than the preterm AGA children. The children born preterm in the FGR group used 
significantly shorter and less complicated utterances (MLUw, p=0.027) in their 
storytelling than their preterm AGA peers.  
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5.3 Reading and spelling skills (Study III) 

In the evaluation of technical reading by the Word-chain test, significantly more 
children in the FGR group performed below the 10th percentile normal values in 
identifying proper words among false words (p=0.02) and in finding errors when 
reading a list of words (p=0.009) compared to the AGA group. In addition, 
significantly more children in the FGR group performed below the 10th percentile 
value in recognition of false versus true propositions in reading comprehension 
tasks in the Ytte test (p=0.01). There were no significant differences in performance 
between the FGR and AGA groups below the 10th percentiles in reading fluency, 
reading accuracy, and reading comprehension, which were measured with oral 
questions about the key issues in a text.  

A comparison of the children in the second grade in the FGR and AGA groups 
showed no significant differences in any of the studied reading and spelling subtests. 
The third graders in the FGR group performed significantly poorer in the Word-
chain test than the AGA third graders (see Figure 5).  

Fig. 5. Word reading and spelling skills of the third graders in the fetal growth restriction 
group (FGR, n=16) and in the appropriate for gestational age (AGA, n=14) group 
measured with the Word-chain and Lukilasse tests. 

The third graders in the FGR group had more difficulties in separating single words 
from a continuous string of words without spaces (Word recognition) in the Word-
chain test than their AGA peers. The FGR third graders also had difficulties 
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identifying a visual model and the meaning of a word when searching for real words 
among false and meaningful words (Word identification). Identifying short and 
long vowels or single and double consonants as well as dividing words into 
syllables (Orthography) in the Word-chain test was harder for the third grader in 
the FGR group than the third graders in the AGA group (Figure 5). The third graders 
in the FGR group had longer reading times (reading fluency) and made more errors 
(reading accuracy) in reading in the Ytte test than their AGA peers. The reading 
comprehension of the third graders in the FGR group was poorer in the Ytte test 
than that of the third graders in the AGA group (Figure 6). There were no significant 
differences in orthographic skills (spelling skills) measured by Lukilasse.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  

Fig. 6. Reading fluency, reading accuracy, and reading comprehension of the third 
graders in the fetal growth restriction (FGR, n=16) group and the appropriate for 
gestational age (AGA, n=14) group measured with the Ytte test. 

No significant differences were detected between the full-term children in the FGR 
and AGA groups in performances below the 10th percentile normal values. 
Statistically significantly more preterm children in the FGR group performed  
<10th percentile normal values in the Word-chain subtest word identification 
(p=0.05) and in finding errors among written words (p=0.007) than preterm 
children in the AGA group.  
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6 Discussion 
Fetal growth restriction is a common obstetric problem. The aim of this study was 
to investigate the impact of FGR on the communication, narrative, and literacy 
skills of primary school-aged children. Deep knowledge in this field could help to 
plan timely preventive measures for optimal academic and social growth for 
children born with FGR.  

6.1 Communication skills (Study I) 

The children in the FGR group experienced difficulties in communication 
according to CCC-2 questionnaire filled in by their parents. The consequences 
might be, for example, difficulties in being understood by a communication partner 
or difficulties in understanding a communication partner’s intentions if the child 
has difficulties in communication. Understanding and using context, non-verbal 
communication, or figurative language might be demanding (Bishop, 2003). 
Miscommunication can lead to discrimination and social difficulties with peers 
(Mackie & Law, 2010) and have a negative influence on academic abilities 
(Heilmann et al, 2010). Earlier studies have found neurocognitive problems in 
children born with FGR, regardless of gestational age. Problems with language, 
learning, and memory (Kallankari et al., 2015), and poor performance in verbal and 
full-scale IQ reflect fragility in language competence. These skills are 
interconnected with communication skills. 

Children participate in more demanding situations with advancing age, 
especially at school. Their cognitive and language abilities as well as their social-
pragmatic skills are expected to have developed at an elevated level (Loukusa, 
Leinonen, & Ryder, 2007; Loukusa et al., 2008).  Children in the FGR group had 
problems in handling correct grammatical forms, and their utterances were short 
and grammatically simple. They also had problems using language in different 
contexts, implying deficits both in language structure and in pragmatic 
communication. The children older than 9 years of age in the FGR group performed 
poorer in communication skills than the children in age-matched peers in the AGA 
group. In contrast, the children aged 8 years in the FGR group did not differ from 
age-matched peers in the AGA group. One explanation could be that the children 
in the FGR group might not be able to meet the increasing challenges, expectations, 
and demands of fluent conversations owing to problems in language structure and 
pragmatics. Previous studies (Lohaugen et al., 2013; Tideman et al., 2007) have 
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found that young adults with IUGR / FGR had problems with executive cognitive 
functions related to language, working memory, and visuospatial problem solving, 
indicating that the negative influence of poor fetal growth lasts into adulthood.  

FGR increased the risks for poor performance regardless of the gestational age, 
and the problems appeared to be emphasized in language use. In the study by 
Korzeniewski et al. (2017), extremely preterm children with severe FGR 
experienced a wide range of difficulties in language use and pragmatics compared 
to full term normally developing children. In the present study the comparisons 
were made between gestational age and age-matched FGR and AGA groups. It 
could be speculated that prematurity itself is a risk for poor performance and that 
FGR further increases the risk.  

6.2 Narrative skills (Study II) 

The children in the FGR group composed narratives with simple and short 
utterances (MLUw), indicating grammatical limitations and problems in handling 
long and complicated expressions (Botting, 2002; Bishop, 2004, To et al., 2010). 
Short utterances often mean that there is a lack of declarative subordinate clauses, 
which may have a negative influence on the production of a cohesive narrative 
(Barton-Hulsey et al., 2017; Mäkinen et al., 2014). Approximately half of the 
children in the FGR group had not understood the events of the illustrated story and 
failed to describe the causal relationships between the episodes in the initial 
storytelling and in retelling subtests.  It is suggested that these results might reflect 
broader challenges in the FGR group’s metalinguistic knowledge, pragmatic 
(Heilmann et al., 2010; Johnston, 2008; Norbury et al., 2014), and cognitive skills 
(Colozzo et al., 2015). A narrative is a basic language skill (Botting, 2010), and 
problems with narration affect everyday interaction at home, at school, and in other 
social environments (Botting, 2010).   

The children younger than 9 years old in the FGR group had significantly 
poorer narrative skills than age-matched peers in the AGA group. Children 9 years 
or older in the FGR group used shorter and simpler utterances (MLUw) than their 
age-matched peers in the AGA group. One third of the FGR group performed below 
-2SD in initial storytelling and retelling. Previous studies have related problems in 
composing a story to poor performance in literacy (Mäkinen et al., 2018; Suggate 
et al., 2018) and communication skills (Botting, 2002). Our findings are in 
agreement with earlier studies on the narrative skills of typically developing 
children, which found that narrative skills continue to develop to around 10 years 
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of age (Ukrainez et al., 2005; To et al., 2010). In contrast, Bishop and McDonald 
(2009) highlighted that ERRNI is a weak predictor of the poor language abilities of 
children at 9 to 10 years of age. They suggested that the ERRNI test better 
distinguished the narrative abilities of younger children, whose narrative skills 
were still developing.  

Interestingly, although children with FGR consistently produced poorer 
narratives than their AGA peers, the narrative profiles within the FGR group were 
different between preterm and full-term children, the preterm children showing 
poorer results. It may therefore be that preterm delivery further increases the risk 
of poorer narrative production intrinsically present in FGR children and decreases 
their ability to comprehend narratives presented to them. 

6.3 Reading and spelling skills (Study III) 

The FGR group had difficulties in reading and spelling skills at early school age. 
One third of the children in the FGR group exhibited extremely weak performance 
in identifying meaningful words and in error detection in the Word-chain test. These 
children had difficulties in reading comprehension (Ytte test). Perceiving phonemic 
length and quantity have been found to be a key problem, especially in reading 
comprehension among Finnish-speaking children (Lyytinen et al., 2015). This skill 
is crucial to distinguish Finnish words from each other and achieve pervasive 
reading comprehension (Lyytinen et al., 2015). Finnish children are expected to 
have fluent reading accuracy at the end of the first school year when they are 
approximately 8 years old  (Lyytinen et al., 2015; Seymour, Aro, & Erskine, 2003; 
Siiskonen, Aro, & Holopainen, 2001), and Finnish children with typical reading 
skills read relatively fluently and accurately both words and non-words by the end 
of the second grade (Lyytinen, H. et al., 2006). 

The poor performance of the children in the FGR group was more obvious 
among 9- to 10-year-old third graders who had problems in decoding words, which 
indicates that they had not achieved automatized word recognition as they should 
have (Lyytinen et al., 2015). No significant differences between 8- to 9-year-old 
second graders was found even though one fourth of the FGR group in that age 
group performed below the10th centiles of the normal population. Geva et al. (2009) 
have found that the academic achievement of IUGR children in the first grade was 
on the average level but lower than in the control group. The IUGR children had 
difficulties in general cognitive competence, including higher-order verbal skills 
such as verbal knowledge and reading skills, at the age of 9 years (Geva et al., 
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2006). Our findings of poorer performance in literacy skills for the FGR group are 
also in line with earlier studies reporting problems in the academic abilities of 
IUGR / FGR children at early school age (Charkaluk et al., 2012; Geva et al., 2009; 
Morsing et al., 2011). The demands at school and other environments increase with 
advancing age, and problems can accumulate and become more prominent, 
impacting school performance and compromising social performance (Geva et al., 
2006). Children born preterm with FGR in this study were most represented in the 
group with extremely poor performances in word reading skills implying that 
prematurity combined with FGR might increase the risk for learning problems at 
school. 

We found an association between communication, narrative, reading, and 
spelling skills in the FGR group. This finding has also been observed in typically 
developing children with different backgrounds and diagnoses (Botting, 2002; 
Griffin, Hemphill, Camp, & Wolf, 2004; Mäkinen et al., 2018; Suggate et al., 2018). 
Difficulties in using context in communication has been found to be connected with 
problems in composing and understanding narrative content (Loukusa et al., 2007; 
Mäkinen et al., 2018) as well as with deficits in reading comprehension (Butcher 
& Kintsch, 2013). Our findings are in line with those conclusions as the children in 
the FGR group had problems using syntactically complex utterances in their 
conversations, which might have caused limitations in using and understanding 
context. On the other hand, it is possible that limitations in understanding and 
forming concepts might cause syntactically simple utterances (Bishop & Donlan, 
2005). The children in the FGR group composed short narratives and story content 
with minor information, which might reflect poor language development (Bishop 
& Donlan, 2005; Leinonen et al., 2000) as well as poor word reading and reading 
comprehension  (Barton-Hulsey et al., 2017; Mäkinen et al., 2018; Suggate et al., 
2018). Even though around half of the children in the FGR group performed on the 
normal level in communication, narration and reading skills, a third of these 
children had problems with the measured skills. 

The children in the FGR group had received more support in language 
development during their preschool years, aged 6 years, than the children in the 
AGA group. There were more first- and second-born children in the FGR group, 
which have been shown to get more parental attention, thus leading to better 
vocabulary (Booth & Kee, 2009). This is an important element in the development 
of communication and narrative skills (Crosbie, Holm, Wandschneider & Hemsley, 
2011). Nevertheless, despite these supportive acts, the children in the FGR group 
had more problems with the measured skills. 
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6.4 Strengths and limitations  

The strength of this study is that all children in the FGR group were diagnosed with 
placental insufficiency during the prenatal period. The FGR and AGA groups were 
from the same birth cohort and were matched with gestational age and delivery date, 
making it possible to exclude the impact of gestational age on the results. The 
objective of the study protocol was to obtain detailed information on the 
communication, narrative, and learning skills of children born with FGR with 
prenatally detected placental insufficiency.  

CCC-2 has been widely scientifically studied and has been approved as a 
reliable screening method for the detection of children with risks for speech and 
language impairment (Bishop & McDonald, 2009; Helland et al., 2009), pragmatic 
language difficulties (Geurts & Embrechts, 2008; Philofsky, Fidler, & Hepburn, 
2007), and features of autism spectrum disorder (Bishop & Baird, 2001). It gives 
valuable additional information about children’s everyday communication features, 
which makes it possible to choose appropriate assessment methods in a clinical 
setting. The ERRNI test is a structured scientific test that gives quantitative 
information on narrative skills. The Ytte test and the Word-chain test measure 
reading and spelling skills and have been validated for Finnish school-aged 
children.  These tests are in everyday clinical use and give reliable information on 
how children manage compared to the age norms and school grades. The Lukilasse 
test is part of a broader screening of reading and spelling skills and has been 
validated for Finnish-speaking 1 – 6 graders. 

There are some limitations to this study, which was part of a longitudinal 
follow-up study starting with the prenatal period. The participation of children was 
based on availability, and in that sense, there was a loss of participants during the 
follow-up of 8- to 10-year-old children. We managed to recruit 58 % of the children 
from the original cohort to participate in the follow-up measurements of speech and 
language skills. However, no significant differences in the prenatal and neonatal 
data were detected between the participation and nonparticipation groups (data not 
shown). 

The results of the CCC-2 screening and the ERRNI test were rated with English 
standards and percentiles. The validation and standardization of CCC-2 screening 
took place currently with the speech and language measurements. Finnish norms 
for children aged 4 to 16 years are stricter than the norms for English-speaking 
children at the time of writing. For example, in Finnish validation children are 
placed around the 5th percentile with 3 raw scores when in English validation 
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children are placed around 15th percentile, respectively. The same situation applied 
to the ERRNI test; there were no standards for Finnish-speaking children, and that 
is why we compared the study groups with each other in narrative evaluation. The 
ERRNI test may also be more sensitive for children younger than 9 years of age 
than for children older than 9 years, as Bishop and McDonald (2009) have argued. 
Bishop (2004) has suggested that ERRNI is a good first-line test to be used prior to 
deeper linguistic analysis.  

6.5 Clinical implications 

55 % of the children in the FGR group had received speech and language therapy 
infrequently prior to study entry. Speech and language therapy started when the 
FGR children were 5−6 years of age except one child whose speech therapy started 
at the age of four years. None of the children continued the therapy beyond the 
onset of the first grade (beyond 7 years of age). The precise content and targets of 
speech and language therapy were not available.  25 % of the children in the FGR 
group who performed poorly received no support with their learning difficulties 
before school entry or at school. 

The combination of risks associated with language impairment suggest that 
early intervention can be critical for a child’s long-term neurodevelopmental 
outcome (Heidlage et al., 2020; Lyytinen et al., 2015; Sanfilippo et al., 2020). 
Preventive linguistic approaches, such as parent-implemented training sessions 
(Roberts & Kaiser, 2011), can play a key role in offering early, systematic support 
to a child’s communication, narrative, and learning skills. Thus, our findings 
suggest that children born with FGR will need language intervention focused on 
both language structure and on pragmatic communication to strengthen academic 
and social communication needs. It has been shown that very young children 
benefit from the systematic intervention of narrative skills (Gillam & Gillam, 2016; 
Petersen et al., 2010; Suvanto, 2012). With premeditated targets, a child could attain 
optimal cognitive and linguistic skills that support not only narrative skills but also 
reading and writing (Gillam & Gillam, 2016) as well as communication skills 
(Spencer & Petersen, 2020). Knowing the risks of FGR preliteracy, measures and 
interventions should be performed prior to school-age to prevent later difficulties 
with literacy (Lyytinen et al., 2015; Sanfilippo et al., 2020) and language skills (To 
et al., 2010). 

Finnish Current Care Guidelines (2019) recommend that professionals at 
childcare centres screen children continuously for standards of child language 
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development. Taking into account the observations and concerns of parents and/or 
early childhood educators, children at the age of two years should be included in 
more concise monitoring by childcare centres. In the event receptive and / or 
expressive language delay is suspected, the child should be sent for speech and 
language evaluation and, if necessary, for multiprofessional evaluation.  

This study provides applicable information for speech and language therapists, 
early childhood educators, and healthcare professionals who assess and work with 
children born with FGR. It is good to take into consideration that a child born with 
FGR might be at risk for learning problems, and that the effect of FGR may become 
evident only later in life with mounting academic demands (Geva et al., 2009; 
Korzeniewski et al., 2017; Tideman et al., 2007; Vollmer & Edmonds, 2019). It is 
important to screen a child with FGR regularly to track these changes over time at 
school and adjust the support of and possible changes in the learning environment 
accordingly. Intensive research will hopefully help to optimize the timing of 
delivery, neonatal care, and later support, including support for social and academic 
growth. 

6.6 Future aspects 

Children’s language skills start to develop at a very early age, and language skills 
are essentially associated with social communication skills. Parental involvement 
and support are essential for this development. No studies have explored the impact 
of early parental training on how to interact with neonates and toddlers born with 
FGR in order to improve their early communication skills. In order to optimize the 
long-term outcome, parental training and support could be offered immediately 
after the birth of a child with FGR or even during pregnancy. With advancing 
knowledge on the impact of FGR on language development, parental consciousness 
of potential challenges to a child’s development should be improved and training 
programmes developed. 

The influence of FGR on language-based skills should be registered in the 
Finnish Current Care Guideline, and the recommendations should include a 
protocol for screening. The early detection of language and narrative problems also 
calls for healthcare providers and educational teams to use appropriate assessments 
and preventive interventions in children born with FGR.  

Studies on the impact of evaluations and preventive interventions could be 
useful for all professionals and would help them to plan protocols for children with 
FGR to achieve their full academic and social potential.  
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7 Conclusions 
1. The communication skills of 8- to 10-year-old children born with FGR are 

poorer than those of their AGA peers. FGR increases the risks for poor general 
communication and the use of syntax and context in communication. (I).  

2. Children born with FGR have poorer story content and story recall when 
composing narratives at the age of 8 to 10 years. They use shorter and simpler 
utterances than their AGA peers.  (II) 

3. Children born with FGR have poorer reading and spelling skills than their AGA 
peers. FGR increases the risk for performance below the 10th percentile in 
word recognition, word identification, orthography, and reading 
comprehension. (III) 
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Appendix 1 
Measurements, test procedures, and test scores in communication (CCC-2), 
narrative (ERRNI test), and reading and spelling (Word-chain test, Ytte test, 
Lukilasse test) evaluations of children born with fetal growth restriction (FGR) 

Communication  

Children’s Communication Checklist, CCC-2 (Bishop, 2003) 
CCC-2 has ten subscales: A. Speech, B. Syntax, C. Semantics, D. Coherence, E. 
Inappropriate initiation, F. Stereotyped language, G. Use of context, H. Non-verbal 
communication, I. Social relationships, and J. Interests. Each subscale has seven 
categories. Five categories characterize communicative weaknesses and two 
communicative strengths. The CCC-2 questionnaire includes 50 questions on 
weaknesses/difficulties and 20 questions on strengths/positive features of a child, 
presented in a random order. The alternative answers are scaled by the frequency 
of their occurrence: 0 = less than once a week or never, 1 = at least once a week, 
but not every day, 2 = once or twice a day, 3 = several times (more than twice) a 
day (or always) (Bishop, 2003, 2015).  

The General Communication Composite, GCC, is formed by summing CCC-
2 subscales from A to H; low scores indicate impaired communication. The Social 
Interaction Deviance Composite, SIDC, is formed from the CCC-2 subscales as 
follows: SIDC = (E+H-J)–(A-D). SIDC should be interpreted only if a child obtains 
GCC scores < 55 combined with a SIDC score ⩽ 0, or if a GCC score > 55 is 
associated with a SIDC score of ⩽ –15 (Bishop, 2003).  
The answers from the CCC-2 datasheet filled by parents were entered into an excel 
calculator where the input formula from the CCC-2 manual calculated the raw 
scores for each subscale separately. The raw scores were transformed into standard 
scores according to the CCC-2 manual. Analyses were conducted separately for the 
10 subscales as well as for the GCC and SIDC of the CCC-2. 

Narrative 

The Expression, Reception and Recall of Narrative Instrument (ERRNI) 
The Fish story in the ERRNI book consists 15 wordless pictures, including episodes 
as follows: 
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A boy gets money from his mother to buy a fish from the pet shop. He goes to the 
shop and buys a fish, and on his way home he meets two friends. One of his friends 
swaps the fish out for a doll, and the boy and his other friend go buy ice-cream. 
After eating the ice-cream, the boy gets home and discovers the doll in his bag. His 
mother phones his friends, and they come over to exchange the doll and the fish. 
 
 Each child first looked through the 15 pictures before telling the story. After a 
period of ten to thirty minutes, the child was asked to recall the narrative with the 
instruction: ´You remember that story you told me about the boy and the fish? I 
want see how much of it you can remember. Tell me the story again now, without 
looking at the pictures. Tell me as much as you can`. 

Scores of 0, 1, or 2 were given for story generation and retelling for each of 24 
propositional content ideas in both storytellings with a maximum score of 48 on 
each. The forgetting index was calculated by subtracting the scores for ideas in 
retelling from the scores for ideas in initial storytelling.  Nine propositional 
comprehension questions were asked; six of these questions tested the ability to 
draw inferences from the story material, three of them tested the ability to 
remember incidental details of the story. Each question had a maximum score of 2. 
The information required to achieve a score of 1 or 2 is specified in the ERRNI 
manual. Mean length utterance in words, MLUw, was calculated by dividing the 
total number of words by the total number of utterances used in both storytelling 
tasks. The children’s storytelling was video recorded for scoring and transcribed 
afterwards. The number of words and sentences as well as the answers to the 
comprehension questions were calculated manually using an excel calculator with 
formulas from the ERRNI manual.   

Reading and spelling tests 

The Word-chain test included four subtests: 1) word recognition in which the child 
had to find out where a word started and where it ended from an endless word string; 
2) a word identification task measured the child’s ability to find proper words 
among nonsense words; 3) the orthography section focused on the child’s ability to 
find errors from incorrectly spelled words; and 4) word segmentation measured the 
child’s ability to syllabify words. Before the test, the children were told what they 
were about to do, and they were asked to do a practice sheet to ensure the task was 
understood. The children were asked to perform the test as quickly and precisely as 
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possible, and an examiner told them when to start and stop.  Each subtest had a 
time limit, and scoring was standardized according to the child’s school grade. 
 
The YTTE test measures reading fluency, accuracy, and comprehension. Second 
and third graders had separate texts, and scoring was standardised according to the 
child’s school grade. Children were asked to read a text aloud and were told that 
they would then be questioned about the content. Reading fluency was estimated 
by dividing the time spent on reading by the number of words read, and the number 
of reading errors was calculated from the text the child read out loud. After reading, 
the children were asked five oral questions about key issues in the text. The answers 
were scored from 0 (no, wrong, or inappropriate answers) to 3 (precise, adequate 
answers). The test also included six true-or-false items related to the text to measure 
recognition. This subtest, where the children answered yes or no to 6 questions 
about the text, was used if a child had severe comprehension impairments or was 
unwilling or unable to answer the questions. 
 
The Lukilasse test, which was standardised for Finnish 1st to 6th graders, measures 
orthographic skills. Second and third graders had separate word lists. Third graders 
had three sentences on their lists. The examiner told the children to write the words 
or sentences they heard as well as they could without time limit. The handwriting 
was not evaluated. The children received 2 points for each dictated and correctly 
written word. One point was subtracted for each mistake, including a missing dot 
over i/j/ä/ö or not crossing the letter T. If letters were in the wrong order, or if there 
were missing letters, the child got 0 points for that word.  
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