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Aalto, Eija, Phonological skills in children acquiring Finnish at 3;6. The
associations with lexical, auditory word recognition, and pre-reading skills
University of Oulu Graduate School; University of Oulu, Faculty of Humanities, Logopedics
Acta Univ. Oul. B 207, 2023
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Children’s phonological development has been reported to have both universal and language-
specific features. At 3;6, phonological skills are still developing strongly, and children are in the
period of systematic phonological development. In Finnish, phonological development is well
studied in the early phases, but less is known about children’s phonological skills at 3;6. The
phonological skills have been noted to develop in conjunction with lexical skills in early
childhood. Auditory word recognition may also be associated with phonological development.
Furthermore, some evidence shows connections between phonological and pre-reading skills, at
least at the age when reading instruction starts. However, little is known about how these skills are
associated with children acquiring Finnish at the age when all the skills are developing
concurrently. The current dissertation investigates Finnish-speaking children’s phonological skills
at 3;6 (n=67) and the associations with early expressive lexicon size and concurrent lexical skill,
auditory word recognition in babble noise, and pre-reading skills. The results show that Finnish-
speaking children at 3;6 master the production of all vowels and on average 12/13 consonants.
Some challenges were found in the pronunciation of consonant clusters, especially word-initial
clusters. Phonological skills correlated significantly with lexical, auditory word recognition, and
pre-reading skills. Early expressive lexicon size at 2;0 predicted over 20% of the variation in
phonological skills one and a half years later whereas concurrent lexical ability explained only
10%. In the auditory word recognition task, speech sounds were concealed differently based on
their acoustic features, as reported in previous studies. Children tended to have difficulties
recognizing the phoneme /r/, which was missing from their phoneme inventory, confusing it with
/l/, which was /r/’s typical substitution. Good listening conditions in children’s daily environments
may therefore support their phonological development. Children start to learn letter naming
already during their phonological development. However, well-developed phonological skills
may support the learning of letter names. Letter-naming practice can already be advocated when
phonological development is ongoing.

Keywords: auditory word recognition, babble noise, Finnish acquisition, letter naming,
lexical skills, phonological skills





Aalto, Eija, Fonologiset taidot 3;6 iässä. Yhteydet sanastotaitoihin, kuulon-
varaiseen sanojen erotteluun sekä lukivalmiustaitoihin
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Humanistinen tiedekunta, Logopedia
Acta Univ. Oul. B 207, 2023
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä

Lapsen fonologisessa kehityksessä on havaittu sekä universaaleja että kielikohtaisia piirteitä.
Kolmen ja puolen vuoden iässä lapset ovat fonologisessa kehityksessään systemaattisen kehityk-
sen kaudella, jolloin ympäröivän kielen äänteiden ja niiden yhdistelyn omaksumisprosessi on
vielä kesken. Suomea omaksuvien lasten fonologinen kehitys on kartoitettu melko tarkasti var-
haisvaiheissa, mutta leikki-ikäisten lasten äänteellinen kehitys tunnetaan heikommin. Lasten
fonologiset taidot kasvavat rinnan sanastotaitojen kanssa. Myös kuulonvarainen erottelu ollee
yhteydessä fonologisiin taitoihin ja viitteitä fonologian ja lukivalmiustaitojen yhteyksistä on
havaittu erityisesti riskilapsilla. Suomea omaksuvien lasten osalta taitojen välisiä yhteyksiä ei
kuitenkaan ole juurikaan tutkittu. Tämä väitöskirjatutkimus keskittyy suomea omaksuvien las-
ten (n=67) fonologisiin taitoihin 3;6 iässä ja kartoittaa niiden mahdollista yhteyttä sanastoon,
kuulonvaraiseen erotteluun melussa ja lukivalmiustaitoihin. Havaittiin, että 3;6 iässä lapset hal-
litsivat jo kaikki suomen vokaalit ja keskimäärin 12 13:sta konsonantista. Lapsilla oli edelleen
haasteita erityisesti sananalkuisien konsonanttiyhtymien tuotossa. Fonologiset taidot olivat tilas-
tollisesti merkitsevässä yhteydessä sanastotaitoihin, kuulonvaraiseen erotteluun ja lukivalmius-
taitoihin. Varhainen ilmaistu sanasto kaksivuotiaana ennusti yli 20 % fonologisista taidoista
puoltatoista vuotta myöhemmin kun taas samanikäisenä arvioitu sanasto selitti 10% variaatios-
ta. Kuuloerottelutehtävässä äänteiden peittyminen meluun vaihteli äänteiden akustisten ominai-
suuksien mukaan, kuten aiemmissa tutkimuksissakin on havaittu. Lapsilla oli haasteita erotella
kuulonvaraisesti myöhään kehittyvää /r/-äännettä ja he sekoittivat sen usein /r/:lle tyypilliseen
korvausäänteiseen /l/:ään. Hyvien kuunteluolosuhteiden luominen lasten päivittäisiin ääniympä-
ristöihin saattaa tukea myös fonologian kehitystä. Lapset alkavat oppia kirjainten nimiä jo fono-
logian kehityksen ollessa kesken. Hyvät fonologiset taidot ovat kuitenkin yhteydessä hyviin kir-
jainten nimeämisen taitoihin. Kirjainten nimeämisen opetusta voi suositella jo lapsille, jotka vie-
lä omaksuvat fonologisia taitojaan.

Asiasanat: fonologiset taidot, kirjainten nimeäminen, kuulonvarainen erottelu,
pulinamelu, sanastotaidot, suomen fonologian omaksuminen
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1 Introduction  

Human communication is widely based on spoken language. To speak and 

understand what another person is saying seems simple but involves the acquisition 

of many skills like articulation, which refers to the production of speech sounds, 

recognizing words auditorily, and understanding their meaning. The development 

of these skills follows similar principles in different languages but also includes 

language-specific features. The concept of “phonology” can be defined as the study 

of the speech sounds and the rules on how the sounds are composed and how they 

can be combined in a language (Idsardi & Monahan, 2016). Children gradually 

learn to speak according to the phonology of their native language. This can be 

called “phonological development.” To gain a clear picture of Finnish children’s 

phonological development and areas that may affect it, it is important to study 

speech production skills and their relationship with skills that have been shown to 

influence phonological development in other languages. This dissertation focuses 

on Finnish children’s phonological skills at the age of 3;6 and the abilities that may 

interact with the typical development of speech production at that age.  

To learn to speak, children need speech input; hearing speech directed to and 

around them. Children hear speech already in utero, and the first signs that infants 

recognize their ambient language have been observed soon after birth (Moon et al., 

2013). Children tune into their native language already during the first half-year of 

their life (Kuhl, 2004). The bases of auditory word recognition are hearing speech, 

recognizing sounds and the structures of words, and connecting them with 

corresponding word meanings in the long-term memory. By listening to different 

speakers, children learn to categorize speech sounds. They also start to outline word 

forms auditorily and connect meaning with them. Receptive (i.e., understanding) 

vocabulary begins to form. Although children already hear speech before birth, 

their auditory skills develop during childhood, and finally become adult-like during 

the elementary school years (Leibold & Buss, 2013). 

Children practice speech movements and produce sounds immediately after 

birth. Before the children speak their first meaningful words, they produce reflexive 

or vegetative sounds, like crying. From three month-of-age on, they produce pre-

canonical vocalizations like quasi- and fully resonant sounds and cooing, which are 

followed by pre-canonical syllable productions, where the syllables are pronounced 

separately without repetition (Oller, 1980). Next, from the age of five months on, 

emerges canonical babbling, where the child produces repetitive syllables that 

consist of vowel and consonant-like parts. In canonical babbling, the children’s 
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productions resemble ambient language (Oller, 1980). The canonical babbling may 

be first reduplicated (e.g. [papapa]) and later variegated (e.g. [apapamama]) (Stark, 

1980). 

During this practice, a mapping starts to develop between articulatory 

movements and sounds they hear in their productions. The basis for speech 

production lies in this articulatory practice with feedback from caregivers (Redford, 

2019). To produce a meaningful word, children need to connect the articulatory 

movements, phonemes, and the structures of the word, with word meaning in their 

long-term memory. This enables both phonological development and the 

acquisition of expressive (i.e., productive) vocabulary. The acquisition of first 

words is slow, but the lexicon starts to grow faster at the end of the first words 

period. With the growing lexicon, phonological skills also develop quickly during 

early childhood and become adultlike approximately at the same time as auditory 

recognition skills (Rvachew & Brosseau-Lapré, 2018).  

While phonological production and auditory recognition skills develop in early 

childhood, the children start to further analyze the speech they produce and hear. 

With caregivers’ support, they become aware of the phonemes and structures of the 

speech. Approximately at the age of 3 to 4, they learn to recognize letters, name 

them, and connect them with speech sounds. They realize that the written text 

corresponds to the spoken language they already know. Phonological development 

may therefore precede the emergence of pre-reading skills (Rvachew et al., 2003). 

However, as phonological and lexical skills develop in interaction with the 

environment, the learning of pre-reading skills, like letter names, may need more 

direct guidance from caregivers. 

At the age of 3;6 years, children are in an interesting phase of phonological 

development. They have learned basic skills in speech production but are still 

clearly developing their phonological skills (McLeod & Crowe, 2018) and auditory 

word recognition ability toward adult-like performance (Leibold & Buss, 2013). 

Their vocabulary is growing strongly (Owens, 2012), and their pre-reading skills 

start to emerge (Snowling et al., 2003). At this age, all these skills are developing 

quickly at the same time, providing a short time frame for a cross-sectional study. 

However, little is known thus far about how children’s phonological, lexical, 

auditory, and pre-reading skills are associated at this age.  

Studies on the acquisition of Finnish may provide an interesting perspective on 

phonological development. Finnish is an understudied language. Its phonology 

differs in many ways from well-studied Indo-European languages such as English. 

However, Finnish shares the western cultural heritage, thus providing bountiful 
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opportunities to discuss how native phonology may affect children’s phonological 

development. The early stages of Finnish children’s phonological development are 

well studied, but less is known about the development after the age of 2;6. 

Moreover, at 3;6, the associations between phonological skills and lexical 

development (pervious and concurrent), auditory word recognition, and very early 

pre-reading skills are not yet studied in Finnish, and the evidence is scarce, even 

internationally. However, understanding typical phonological development after 

the early phases is also vital, for example, to the practice of speech-language 

pathologists (SLP) in distinguishing needs of support. Furthermore, studying the 

association between areas of speech and language development may open wider 

perspectives on how children’s speech is developing, and how supporting different 

skills and enhancing children’s daily environments may influence their 

phonological development. 
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2 Literature review  

2.1 Overview of phonological development  

Phonological development refers to the gradual process from babbling in infancy 

toward adult-like pronunciation during childhood. It is a continuum in which 

children learn to produce the phonemes and words of their native language(s), 

phoneme combinations, syllable and word structures, and rhythmic patterns 

according to the native language’s dependencies. The current section ‘Overview of 

phonological development’ briefly describes a proposed theoretical framework of 

a multi-representational approach to phonological development (Beckman & 

Edwards, 2000; Munson et al., 2005; Pierrehumbert, 2003) that provides tools to 

understand the learning mechanism and the factors that may contribute to 

phonological development. To understand the language-specific features of 

phonological development in children acquiring Finnish, a short review of the 

relevant features of Finnish phonology is provided. Typical phonological 

development is reviewed using division into four developmental periods (e.g., 

Ingram, 1989; Vihman, 1996) and describing the development of both paradigmatic, 

i.e., phonemic inventories, and phonotactic, i.e., the ability to combine phonemes 

in words. 

2.1.1 Multi-representational approach to phonological acquisition 

The multi-representational approach to phonological acquisition arises from the 

theory of dynamic systems (Rvachew & Brosseau-Lapré, 2018). In dynamic 

systems, learning is seen to happen gradually and nonlinearly through the 

interaction of multiple components (Munakata & McClelland, 2003). Endogenous 

biological functions and exogenous input from the environment are equally 

important in the developmental process. Munson et al. (2011) state: “The 

phonological development can be understood as the gradual development of 

progressively more abstract structures in individuals’ representation of language (p. 

35).” The following three levels of representation may be needed to develop speech 

accuracy gradually: perception; articulation; and phonology (Munson et al., 2005). 

To develop phonological knowledge, the infant starts to form acoustic exemplars 

based on speech input in their environment (Redwood, 2019). The mapping 

between articulatory movements and the sounds they produce leads to articulatory 
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schemes (Redwood, 2019). Perceptual and articulatory knowledge is linked to 

higher-level phonological representations that reflect the phonemes of the native 

language(s), and how to combine them in words (Munson et al., 2011). The 

representations are considered a storage place in long-term memory, containing 

phonetic, phonological, articulatory, and semantic information about the word in 

abstract form (Constable et al., 1997; Redford, 2019) and may play an important 

role in linguistic development (Spencer & Schöner, 2003). 

The perceptual exemplars and acoustic-phonetic representations of the 

phonemes are required to first start to understand and then produce speech. 

Perceptual knowledge is considered a part of phonetic level representations, 

including parametric phonetics and phonetic encoding  (Rvachew & Brosseau-

Lapré, 2018). The parametric phonetics includes the physical reality of speech 

sounds, and the encoding covers abstract phonetic categories formed from the input. 

Children’s perceptual exemplars start to form when they hear speech. During the 

second half of their first year, children tune into the language(s) they hear around 

them, and the ambient language(s) modifies children’s perception of the phonetic 

units (e.g., Kuhl, 2004; Vihman, 2017). The acoustic-phonetic representations are 

needed for the child to recognize phonemes pronounced by different speakers of 

the language. Children develop a language-specific strategy of organizing input 

with a statistical learning mechanism, i.e., the acoustic-phonetic input gradually 

forms category prototypes and boundaries of phonemes (Pierrehumbert, 2003). To 

develop the exemplars, a child needs access to the input. The access may be 

hindered by child-related issues like hearing difficulties or by environmental issues 

like background noise (Rvachew & Brosseau-Lapré, 2018). 

The foundation for articulation is laid during the pre-lexical period through 

canonical babbling. The mapping between target sounds and articulatory 

movements develops through sensory-motor feedback (Rvachew, 2014). The 

endogenous motoric schemes lead to articulatory representations which start to 

form with the first words (Redwood, 2019). At the same time, language-specific 

speech sounds are heard (e.g., DePaolis, Vihman, & Kunnari, 2008; Kunnari, 2003, 

Warren, 2001, Vihman, 2010). The articulatory representations are modified 

through trial and error. The errors motivate the child to modify their speech 

production towards the auditory exemplars they have acquired (Redford, 2019). 

Thus, the details in acoustic-phonetic exemplars play a vital role in consonant 

acquisition (Rvachew & Brosseau-Lapré, 2018). 

As children’s lexicon starts to grow rapidly with exposure to the language, 

mental representations reorganize toward more fine-tuned phonological 
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representations to ensure efficient access to lexical items when speaking and 

listening (Beckman & Edwards, 2000; Walley et al., 2003). The representations 

develop from holistic whole word schemas to more segmented phonological 

representations (Edwards, Beckman, & Munson, 2004; Metsala & Walley 1998). 

The phonological representations are an abstract knowledge of the ambient 

language’s phonology, i.e., phonemes, how to combine them in syllables and words, 

intonation, and prosody. 
The multi-representational theoretical approach is a good basis to investigate 

the interactions between speech production, lexical development, auditory word 
recognition, and very early pre-reading skills. Investigating connections between 
areas that may share the underlying representations may reflect the accuracy of the 
phonetic-acoustic, articulatory, and especially the phonological representations. 
This information may strengthen the theoretical framework but also provide 
intervention tools on how to support children’s speech and language acquisition by 
intentionally targeting the accuracy of underlying representations in the mental 
lexicon. 

2.1.2  Features of Finnish phonology affecting phonological 

development 

Finnish belongs to the Finno-Ugric language family, which is part of the Uralic 

language group (Suomi et al., 2008). Finnish has a small number of indigenous 

consonants, only 13 (/s m t k n ʋ j p h l r d ŋ/). The consonants (indigenous and 

non-native) are ranked based on their frequency in an adult speaker’s speech from 

most common to the least common, as /s m t k n ʋ j p h l r g b d f/ (Warren, 2001). 

The frequency of the phoneme /ŋ/ was not reported in Warren’s (2001) study, 

although it is a Finnish phoneme. It should be noted that the phoneme /d/ carries a 

low functional load, even though it is an indigenous consonant. Furthermore, it is 

not part of the paradigm in all Finnish dialects. The vowel inventory is relatively 

big (/ɑ, e, i, o, u, y, æ, ø/), and diphthongs are numerous (18) (Suomi et al., 2006, 

2008). 

The most notable difference between Finnish and Indo-European languages is 

the quantity distinction, which is full-fledged (Suomi et al., 2008). This means that 

the length of vowels and consonants (singleton/geminate) creates distinctions in 

word meanings (e.g., [tuli, tulː,i, tuːli] “fire, customs, wind”). If the different vowel 

lengths (short and long) were counted as separate phonemes, as is sometimes 

suggested, the phoneme inventory would double (Harrikari, 2000). The length of 
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the phoneme also affects the syllable and word structures, bringing the analysis 

from the phonemic level to the phonotactic area.  

The syllables can be analyzed using their moraic structure (Suomi et al., 2006). 

The first vowel in the syllable creates the nucleus and is counted as the first mora. 

The phonemes that follow the nucleus in the syllable, vowels, or consonants are all 

counted as moras as well. Syllable onset, i.e., the consonants or consonant clusters 

that precede the nucleus, is not counted in the mora analysis. The possible mora 

structures in Finnish are one mora (e.g., [o.vi] “a door”) two moras (e.g., [ok.sɑ] “a 

branch”), and a three mora-structure (e.g., [soin.tu] “a chord”). In addition, word-

medial heterosyllabic consonant clusters, in which consonants are in separate 

syllables (e.g., [kɑr.hu] “a bear”), are common, and the word-medial tautosyllabic 

clusters, where the consonants in a cluster are within a syllable, are typical but less 

common (e.g., [puls.kɑ] “chubby”). Word-initial tautosyllabic clusters exist but are 

rare (e.g., [prinsesːɑ] “a princess”). Word-final clusters occur only in interjections 

and reductions in spoken language (e.g., [hups] “oops” and [yks] for [yksi] “one”). 

Bisyllablic words are the most common words in Finnish; monosyllabic words 

are rare (Karlsson, 1983). However, some very frequent words are monosyllabic 

(e.g., [jɑ] “and,” [ei] “no”; Warren, 2001). Long words and compound words are 

common. Word length is further increased due to Finnish being highly agglutinative 

and the inflexions and suffixes added to word stems (e.g., [tɑlo] “a house”; [tɑloni] 

“my house”; [tɑlosːani] “in my house”; [tɑloisːɑni] “in my houses”). Another 

interesting feature of Finnish phonology is vowel harmony, which restricts how 

vowels can be combined in words, and what diphthongs are possible in the 

language (Suomi et al., 2008). In Finnish, the vowels /i/ and /e/ can be combined 

freely with all vowels, but the vowels /ɑ, o, u/ form one group, and vowels / y, æ, 

ø/ another group. These groups are the basis of vowel harmony, and vowels from 

different groups can be combined only within the group and the vowels /i/ and /e/. 

Vowel harmony also expands to suffixes (e.g., [talosːa] “in a house” but [kylæsːæ] 

“in a village”). 

Finnish is an understudied language, with a phonological structure which 

differs from the Indo-European languages. However, Finland shares the western 

lifestyle and culture. Finnish language and speech acquisition can therefore provide 

interesting contrasts, as well as confirmation of which features in phonological 

development are shared across languages. 
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2.1.3 Periods of phonological acquisition 

Phonological development is often divided into four periods: prelexical; first words; 

systematic phonological development; and finalizing phase (e.g., Ingram, 1989; 

Vihman, 1996). A phase-based description of phonological development is by no 

means an all-inclusive model, because children’s phonological development may 

appear non-linear (Menn & Vihman, 2011), for example, if a child is 

overgeneralizing a newly acquired phoneme for a short period (e.g., Savinainen-

Makkonen & Kunnari, 2004). Nevertheless, the approach is a useful tool for 

outlining the acquisition of phonology. It is also relevant to this study, because the 

only review article concerning Finnish children’s phonological development from 

early childhood until the age of ten, categorizes the data according to 

developmental periods (Saaristo-Helin et al., 2011). It thus provides a comparison 

basis for children’s phonological skills at 3;6 in the current dissertation. In this brief 

review, the emphasis is on the period of systematic phonology, because children at 

3;6 are most likely to be in this developmental period. 

Within the developmental periods, phonological development is described by 

dividing it into paradigmatic and phonotactic areas. The paradigmatic area contains 

the consonant inventories in word-initial, medial, and final positions, and the vowel 

inventory (Kunnari et al., 2012). The phonotactic area includes children’s ability to 

produce syllable and words structures, as well as to combine phonemes to 

pronounce diphthongs and consonant clusters, for example (Kunnari et al., 2012). 

Phoneme length, which is an important feature in Finnish, is also counted under 

phonotactic development, because changing the phoneme length also changes the 

length and structure of the syllable, the rhythmic pattern of the word, and the 

meaning of the word.  

The prelexical period and the period of first words 

During the prelexical period before the first words (Ingram, 1989), infants tune into 

their native language(s) (Kuhl, 2004), and their babbling may already be influenced 

by their language environment (Lyakso & Silvén, 2002; Vihman et al., 2010). In 

the pre-lexical period, auditory exemplars of the phonemes start to form (Redford, 

2019) along with mapping of motor and auditory information (Rvachew, 2014).  

The period of first words starts with a child’s first meaningful words and 

continues until s/he has acquired approximately 50 words. At the end of the period 

of first words, a child starts to combine words (Bates et al., 1995). However, 50 



24 

words is not a strict cutline for the children to start combining words, because a 

large variation has been noted in children’s expressive lexicon size at the start of 

their first word combinations (Stolt et al., 2009). During the period of first words, 

the speed of expressive vocabulary acquisition is slow, and it starts to speed up at 

the end of the period (Bates et al., 1995).  

Regarding children’s paradigmatic development, they have limited consonant 

inventories (Saaristo-Helin et al., 2011). In a sample of ten Finnish-speaking 

children at the stage of 50 words, they produced an average of seven out of 13 

indigenous consonants correctly (/p, m, t, n, l, k, h/) (Kunnari, 2000). The consonant 

inventory size of Finnish-speaking children corresponds to consonant acquisition 

in other languages (McLeod & Crowe, 2018). Regarding phonotactic development, 

children’s syllable structures are still simple (Vihman & McCune, 1994), and the 

words have extensively individual pronunciation patterns and differences (Stoel-

Gammon, 2011). Native language affects first word structures. For example, in 

English, first words are reported to be monosyllabic, but in Finnish, children 

already target bisyllabic and even longer words during their first-word period 

(Savinainen-Makkonen, 2000). At the end of this period, as many as 79% of the 

target words, whether the children can pronounce them accurately or not, have been 

reported to be bisyllabic, 13% being multisyllabic and only 8% monosyllabic 

(Saaristo-Helin et al., 2006). 

The period of systematic phonological development 

The third phase, from around age 2;0 to approximately 4;0–5;0 years of age, is 

characterized by orderly simplified phonology and can therefore be called a period 

of systematic phonological development (Vihman 1996, p 142). At this age, a child 

acquires most of the phonemes of their ambient language (Ingram, 1989; McLeod 

& Crowe, 2018), and the phoneme inventory constraints decrease. Internationally, 

at the beginning of the age period of around 2;0, children tend to acquire the 

consonants in word-initial position first (Smith & Anderson, 1987; Stoel-Gammon, 

1985, 1987). However, the ambient language affects phoneme acquisition. In 

Finnish, a language-specific pattern has been reported in consonant acquisition. 

The word-medial consonant inventories were noted to be somewhat larger than 

word-initial ones (Kunnari, 2003) indicating that there may be a preference to learn 

the consonants first in the word-medial position rather than in the word-initial 

position. The phonology of Finnish and the geminate-pull effect may explain the 

difference (Vihman et al., 2010). The geminate-pull effect means the phenomenon 
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in which children’s attention may be attracted to the middle of the word away from 

the word-initial position, because the geminate and singleton consonants create a 

distinction only in the word-medial position (Vihman et al., 2010). 

A widely used way to describe children’s consonant acquisition is to calculate 

the percentage of consonants correct (PCC; Shriberg et al., 1997), where correctly 

pronounced consonants in the words are divided by the total number of consonants. 

The extensions to PCC can be calculated in the same way, which is the percentage 

of vowels correct (PVC) and the percentage of phonemes correct (PPC). Further 

accommodations to PCC are PCC-adjusted (PCC-A), where common clinical 

consonant distortions are counted as correct, and PCC-revised (PCC-R), where 

both common and uncommon clinical distortions are accepted. PCC-A and PCC-R 

provide information about the phonological level, because the original PCC does 

not acknowledge phonemically correct productions that are allophones (like 

distorted /s/ sounds), thus treating distorted sounds as comparable to consonant 

omissions (Shriberg et al., 1997). These measures have been used in studies of 

typical phonological development (e.g., Dodd et al., 2003; Fabiano-Smith & 

Goldstein, 2010). At the age of 4;0, the internationally reported value of PCC was 

92, and PVC was 98 (McLeod & Crowe, 2018). In Finnish phonological acquisition, 

Martikainen (2021) reported a PCC-R of 98 and PVC-R of 100 in a group of 

typically developing children (mean age 4;3, n=20). The norming sample of the 

Finnish phonology test (FPT; Kunnari et al., 2012, n=50) also showed that at the 

age of 4;0-4;11, children had nearly complete consonant inventories. However, 

some typically developing children still had difficulties with the phoneme /r/, an 

apical trill. Trills are acquired late across languages, usually before children turn 

five (McLeod & Crowe, 2018). Typical substitution sounds for /r/ are non-nasal 

coronal sonorants (Stemberger & Bernhardt, 2018). In Finnish, the phoneme /d/ 

may also still be challenging after the fourth birthday, because it has a very low 

functional load (Kunnari et al., 2012; Saaristo-Helin et al., 2011). Although the 

main features of Finnish phoneme acquisition are known, more information is 

needed to strengthen the understanding the language-specific features and their 

extent in Finnish during the period of systematic phonological development.  

If the paradigmatic development during the period of systematic phonological 

development is fast, the phonotactic development is no less interesting. In Finnish, 

two studies reporting similar findings in the development of phonotactics between 

3;0 and 3;11 have been published (Kunnari et al., 2012 Finnish phonology test, FPT, 

norming study, n=50; Martikainen, 2021, a study of intraword consistency, n=20). 

During this period, children’s speech is characterized by simplifications of the 
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target words and restrictions of the phoneme sequences the child can pronounce, 

i.e., phonotactic constraints (Rvachew & Brosseau-Lapré, 2018). These simplified 

surface forms of words have also been seen as a result of so-called phonological 

processes (Rvachew & Brosseau-Lapré, 2018). The concept of phonological 

processes arises from natural phonology theory starting with Stampe (Stampe & 

Donegan, 1979). It assumes adultlike representations of words that are modified 

with the phonological processes to enable children to pronounce words with their 

immature speech production system. The phonological processes are noted as 

patterns of simplification rather than separated phoneme errors at this age period. 

The phonological processes include features like final consonant deletion, fronting, 

stopping of fricatives, consonant assimilation, and cluster reduction. The processes 

are suppressed as the child matures. 

The phonotactic development has both language-specific and universal 

features. These language-specific constraints arise from the phonological structures 

of the ambient language. In a quantity language such as Finnish, it has been noted 

that rhythmic patterns are so important in early childhood that a child may target 

syllable and word structure at the expense of correct phoneme pronunciation 

(Torvelainen, 2007). The geminate pull effect may also influence the 

simplifications in production (Vihman et al., 2010). These phonological features of 

the language lead to language-specific simplifications such as the omission of 

initial consonants in early development (Saaristo-Helin, 2009; Savinainen-

Makkonen & Salovaara, 2008). Word-initial consonant omissions have been noted 

to take place in Hebrew (Keren-Portnoy & Segal, 2016), Italian (Vihman, 2017), 

and French (Wauquier & Yamaguchi, 2013) due to the rhythmic patterns in 

phonology. In contrast, initial omissions are less likely to occur in typical 

development in languages like English (Rvachew & Brosseau-Lapré, 2018), 

Spanish (Petinou & Okalidou, 2006), and Cypriot Greek (Vihman & Croft, 2007).  

Another language-specific feature in the phonological acquisition of Finnish 

has been noted to be the extreme rareness of omissions in word-medial consonant 

clusters in speech production (Savinainen-Makkonen, 2006; Savinainen-

Makkonen et al., 2009). In a follow-up study of five children (Saaristo-Helin, 2009), 

the average number of medial clusters (heterosyllablic) mastered at 3;0 was 83%, 

and at 3;6 the average had grown to 91% in that small sample of children. Rather 

than consonant omissions, consonant assimilation (e.g., [lɑpːi] for [lɑpsi] “a child”) 

or compensatory lengthening of a vowel (e.g., [kiːjɑ] for [kirjɑ], “a book”) have 

been noted to be typical ways to simplify the pronunciation and at the same time to 

keep the syllable and word structure intact (Savinainen-Makkonen, 2006; 
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Savinainen-Makkonen et al., 2009; Torvelainen, 2007). It seems that by the age of 

3;0, the omissions in word medial heterosyllablic consonant clusters have 

disappeared, even from long words (Saaristo-Helin, 2009). In Finnish, 

heterosyllablic clusters are more common than tautosyllabic. Conversely, in 

English, tautosyllabic clusters are common, and omissions in word-medial 

consonant clusters may continue in multisyllabic words up to the age of seven in 

typically developing children (James et al., 2008). Both the tauto- and 

heterosyllabic clusters, which are word-medial, change the word structure and the 

rhythmic pattern of the word. More information is needed on the late phases of the 

period of systematic phonological development in Finnish to verify how long the 

language-specific phonological constraints continue in typical development. 

The finalizing phase 

The last period of phonological acquisition can be called the ‘finalizing phase’ 

(Ingram, 1989). This period starts around the age of 4 or 5 and continues until the 

production of the phonemes and phonological structures of the ambient language 

are mastered. Regarding paradigmatic development, children finalize their 

consonant paradigm during their early years in elementary school. At 5;0 in the 

multilingual review, children’s PCC was 93.8, at 6:0 it was 95.1, at 7:0 already 97.8, 

and finally at 8:0 PCC was reported to be 99.7 (McLeod & Crowe, 2018). In the 

Finnish population, 32% of five-year-olds have been reported to have articulatory 

problems (Luotonen, 2000). According to the Finnish Phonology Test manual 

(Kunnari et al., 2012), typically developing children master the production of all 

Finnish consonants phonemically at the age of 6;0. In the phonotactic area, children 

still learn to pronounce the most difficult consonant clusters, and word-initial 

clusters may remain challenging for some five- and six-year-old Finnish children 

(e.g., [tɑktori] for [trɑktori] “a tractor”) (Kunnari et al., 2012). 

To conclude, the data on Finnish children’s phonological development at 3;6 

remain scarce, based only on two datasets so far that report children’s skills from 

the age group of 3;0–3;11 (Kunnari et al., 2012, n=50; Martikainen, 2021, n=20). 

More detailed information is required to build a robust understanding of 

phonological development in the period of systematic phonological development. 

This information is needed to gather a full picture of phonological development in 

Finnish but also as comparison data for SLPs. Children usually start speech and 

language interventions around this age if they have difficulties in speech or 
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language development. Further specific knowledge of typical phonological 

development at this age is therefore necessary. 

2.1.4 Effect of demographic factors on phonological skills 

Demographic factors like a child’s gender and maternal education level have been 

studied to gain information about what environmental and biological variables may 

influence speech and language development (Korpilahti et al., 2016; McKean et al., 

2017; Urm & Tulviste, 2016). Regarding phonological development, some studies 

report an advantage in girls (e.g., Dodd et al., 2003; Kunnari et al., 2012; Moyle, 

2005), while others find no differences in performance based on gender (e.g., 

Pascoe et al., 2015; Priester et al., 2011). In the Finnish Phonology test norming 

sample, boys received results with a percentile of eight and under significantly 

more often than girls, indicating weak phonological skills (Kunnari et al., 2012). 

Maternal education level has been seen as one of the strongest indicators of 

socioeconomic status in studies of child development (Hoff et al., 2012). This 

association may reflect the quality and quantity of the interaction well-educated 

mothers may provide to their children (Hoff-Ginsberg, 1994). However, 

contradictory results have been reported on the possible effect of maternal 

education level on phonological development. Some studies have noted a positive 

effect of maternal education level on phonological development (Campbell et al., 

2003; Dollaghan et al., 1999; To et al., 2013), while some did not find an association 

(Kunnari et al., 2012; Reilly et al., 2009). Since both the child’s gender and 

maternal education level may influence phonological development, it is relevant to 

take these factors into account when studying the connections between 

phonological development and other language-related skills. 

2.2 Associations between phonological skills and lexical, auditory 

word recognition, and pre-reading skills 

Children’s phonological skills do not develop in segregation to other linguistic 

skills. Rather, concurrently developing skills interact with each other. As the multi-

representational approach to phonological development (Munson et al., 2005) 

suggests, phonological development may be connected with lexical and auditory 

recognition skills. As in phonological development, some universal and language-

specific features may also be found in its connections with other language-related 

skills. Thus far, regarding Finnish language development, the connections between 



29 

phonological and lexical skills have only been studied in children at 2;0 (Kunnari 

et al., 2006) and regarding intra-word consistency (Martikainen et al., 2021). There 

are still no studies on how phonological and auditory word recognition skills may 

be associated in Finnish acquisition. Furthermore, pre-reading skills may share the 

same basis in phonological representations as phonological skills (Rvachew, 2007). 

These skills may already start to develop at the same age (Lyytinen et al., 2004) as 

phonological skills are acquired. However, there are no studies so far that describe 

whether phonological skills and very early pre-reading skills have concurrent 

associations in Finnish in children as young as 3;6. 

2.2.1 Phonological skills and lexical ability 

Previous studies have reported that phonological skills grow in relation to lexicon 

size rather than the child’s age (e.g., Kunnari et al., 2006). It is therefore relevant 

to investigate lexicon size at an early age. At the age of 2;0, expressive lexicon size 

has been reported to be on average between 200 and 350 words in various 

languages (Bleses et al., 2008; Fenson et al., 2007), including Finnish (Korpilahti 

et al., 2016; Stolt et al., 2008). Expressive lexicon size grows fast, and at the age of 

5;0, children use more than 2,000 different words (Owens, 2012). The rapid growth 

in expressive lexicon size therefore shifts the lexical assessment methods from 

gathering information about size (e.g., MCDI; Fenson et al., 2007) to investigating 

lexical ability like naming accuracy (e.g., BNT; Kaplan et al., 1983). 

A connection between phonological and lexical development has been shown 

in several studies and reviews on early development (Davis et al., 2018; Kehoe et 

al., 2018; McCune & Vihman, 2001; Schwartz et al., 2006; Smith et al., 2006; Sotto 

et al., 2014; Vihman, 2017). For example, a Finnish study (Kunnari et al., 2006) 

reported very high correlations between the number of expressive words used and 

consonant inventories in a videotaped sample of two-year-old children (n=24). 

However, in Finnish, there are no studies targeting the connection between 

phonological and lexical skills in children older than 2;0, or studies that take both 

paradigmatic and phonotactic areas into account.  

While studies on the association between phonological and lexical 

development from the period of first words are plentiful, during the period of 

systematic phonological development and the finalizing phase, the evidence is 

scarce. However, Zanobini et al. (2012) reported thet phonological skills were 

associated with naming skills and other linguistic measures in Italian children at 

3;0 and 3;6. Moreover, associations have been reported using non-word repetition, 
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where the child hears and repeats a meningless word that follows the phonotactic 

rules of the ambient language (Edwards et al., 2004; Munson et al., 2011) and intra-

word consistency, where the consistency of production skills of a phoneme in a 

word in multiple repetitions is measured (MacRae, 2013; Macrae & Sosa, 2015), 

for example. However, not all studies showed a connection between intra-word 

consistency and lexical skills (Martikainen et al., 2019). Martikainen et al. (2019) 

proposed that the reason for the contradictory result might be due to phonological 

differences between Finnish and English, leading to more robust phonological 

skills earlier in a language with simple phonological structures than in a language 

with more demanding phonology.  

Evidence of the connection between phonological and lexical skills has also 

been shown in longitudinal studies, most of them reporting results from late talkers 

and a control sample (Bortolini & Leonard, 2000; Fletcher et al., 2004; Hawa & 

Spanoudis, 2014; Hong et al., 2018; Lyytinen et al., 2005; Preston et al., 2010; 

Rescorla, 2005; Rescorla et al., 2000; Rice et al., 2008). Late talkers, i.e., children 

with a small expressive lexicon size at 1;6–2;6 without explaining neurological or 

sensory deficits (Fisher, 2017), have been shown to have poorer linguistic skills, 

including phonological skills, later in their lives. Furthermore, a recent study 

showed that expressive lexical skills measured with a parent reporting inventory 

screening tool (FinCDI, short form) completed at 2;0 were connected with 

linguistic skills at 3;6, including a phonological measure (Vehkavuori & Stolt, 

2019). 

Storkel and Morrisette (2002) proposed a so-called bi-directional, or two-

representational, model of word processing. The model links phonological and 

lexical skills. In the bi-directional model, the lexical representations and 

phonological representations interact. The parts of the lexical representations, the 

neighbourhood density (the number of words that are close in pronunciation to the 

target word) and word frequency, affect phonological development. In turn, 

phonological representations, including phonotactic probability (how typical the 

phonological structure of the word is in the language), influence expressive lexicon 

growth. In light of this theory, on one hand, it would be more likely for a child to 

learn pronunciation of a word that is frequently used in the language or that has 

many words that sound almost the same (e.g. hat, rat, mat, mad). On the other hand, 

the child would acquire a word easier in their expressive lexicon if the word has a 

typical sound structure to the ambient language. The phonetic complexity of a word 

has been reported to influence lexical acquisition (Kehoe et al., 2018). Moreover, 

Davis et al. (2018) found evidence of a multifactorial relationship. They 
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investigated the connection between phonological and lexical skills in the period 

of first words. They noted that the child’s phonological skills influenced the 

acquisition of a new word especially regarding the word-initial position. The lexical 

skills affected rather the end of the words. Indeed, word acquisition was seen to 

relate to both lexical and phonological factors. It has been hypothesized that 

phonological representations grow increasingly segmented and accurate with a 

growing vocabulary (Edwards et al., 2004; Metsala & Walley, 1998). The larger 

lexicon a child has, the better phonological skills s/he may have through more fine-

tuned phonological knowledge. To sum, the interaction therefore seems mutual and 

multifactorial, influencing both the phonological and lexical components of the 

words the child chooses to say (Davis et al., 2018).  

The quality of phonological representations has been noted to be specific to 

ambient language (Munson et al., 2011). If the language has a simple phonological 

structure, the sufficient level for phonological representations may be lower than in 

a language with complex phonology (Martikainen et al., 2019; Munson et al., 2011; 

Stoel-Gammon, 2011). For example, Finnish has a small number of consonants and 

mainly long words, and children’s phonological representations may therefore be 

sufficiently developed from an early age (Martikainen et al., 2019). 

Given the unique Finnish phonology and the information about phonotactic 

development, the study of associations between phonological skills and lexicon 

may provide a valuable comparison with the international literature on children’s 

speech and language development. Furthermore, the results may provide 

intervention ideas to SLPs on how to choose target words, and the extent to which 

and in which population lexical development should be supported when targeting 

growth in phonological skills and vice versa.  

2.2.2 Phonological skills and auditory word recognition  

Auditory word recognition is a process in which a listener connects the underlying 

auditory representations with the lexical representations included in their semantic 

long-term memory (Rönnberg et al., 2010). In child development, the growing 

exposure to the ambient language leads to more segmental phonological 

representations (Edwards et al., 2004; Metsala & Walley, 1998).  

A recent review of how infants tune to their native language (Sundara et al., 

2022) shows that infants are already attuned to the vowel harmony of the ambient 

language before they turn eight months old. Infants are also sensitive to native 

phonotactic patterns, and between eight and ten months of age, the sensitivity to 
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native dependencies is already established. From this point, the auditory word 

recognition system develops during childhood and becomes adultlike in late 

childhood (Rvachew & Brosseau-Lapré, 2018). The development of auditory word 

recognition skills can also be seen in how background noise affects younger 

children’s performance more than older children’s and adults’ (Leibold et al., 2016; 

Nishi et al., 2010; Talarico et al., 2006; Fallon et al., 2000; Klatte et al., 2013).  

Leibold and Buss (2013) studied how listening condition affects children’s auditory 

word recognition. The level at which a child recognizes at least 95% of the input 

can be called a sufficiently good level of auditory recognition. Children understand 

speech in noise better the older they are. Six-year-old children need a signal-to-

noise ratio of 15.5 dB for a sufficiently good recognition level. For eleven-year-

olds, this has already reduced to 8.5 dB. Finally, the auditory word recognition 

matures to be adultlike at between the ages of 11 and 13 (Leibold & Buss, 2013). 

Even though children are vulnerable to the effect of noise, they may spend their 

days in noisy facilities with noise levels of 60–78 dB (Rantala et al., 2011). 

Previous studies show evidence of how auditory word recognition and 

production systems develop together. There is little evidence on how auditory word 

recognition is associated with speech production skills in typically developing 

children (Eilers et al., 1976; Ohberg, 2006). More is known about the connection 

regarding children with speech sound disorders (SSD) (Broen et al., 1983; Edwards 

et al., 2002; Rvachew, 2006; Rvachew & Jamieson, 1989). An association between 

the phonological skills of the SSD population and auditory word recognition has 

been found in many but not all studies (see review by Hearnshaw et al., 2019). 

There is some evidence that before school age, auditory recognition abilities 

contribute to speech accuracy (Rvachew, 2006; 2007), but it is also suggested that 

auditory perception ability arises from the practice of speaking (Diehl et al., 2004; 

Fowler, 2013; Vihman, 2002). Furthermore, the auditory recognition accuracy of a 

sound may increase the possibility that the child will learn to pronounce it soon 

(Rvachew & Brosseau-Lapré, 2018). In a preliminary study by Brosseau-Lapré et 

al. (2020), both typically developing children and children with SSD (at 4;6–6;6) 

recognized an early acquired phoneme, /p/, better than a late acquired phoneme, /ʃ/. 

Thus, the speech sound acquisition order may be connected with the maturity of 

auditory word recognition, as well as articulatory factors. However, this is not 

straightforward, as younger children (4;0–5;0) have been reported to have more 

difficulties in recognizing labial stops in a quiet environment than older children or 

adults (Nishi et al., 2010), even though labial stops are phonemes that develop very 
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early (McLeod & Crowe, 2018). More studies on the connection between speech 

production and auditory word recognition are needed. 

Children’s auditory skills can be assessed, but the task is not simple. For 

example, in SAILS (The Speech Assessment and Interactive Learning System; 

Rvachew, 2014) child listens to words and identifies correct and incorrect 

pronunciations by pointing to a picture of a target word if they heard the word 

pronounced correctly, and to an X-symbol if they did not hear a correct 

pronunciation. The task is usually understood by children aged 4;0 onwards. In the 

Hearing in Noise Test (Nilsson et al., 1994), the stimulus grows gradually more 

difficult. Such tasks may not be suitable for children under four years of age yet, 

because the concepts may be unfamiliar and children may still have difficulties 

focusing on tasks that require prolonged and increasing focus. Vance et al. (2009) 

provided guidelines for testing 4–5-year-old children’s auditory skills. They noted 

that the task paradigm and vocabulary should be appropriate for age, and no speech 

output should be used. Background noise makes listening difficult, and it is not 

generally recommended for children’s auditory tasks. However, background noise 

can be used when trying to avoid the ceiling effect in a task (Vance et al., 2009). 

Background noise may also reveal underlying auditory discrimination deficits 

(Vance & Martindale, 2012). In Finnish, there are no auditory recognition 

assessment methods for children, and little is known about how children recognize 

Finnish words in noise, and if the skill is associated with phonological development. 

Auditory word recognition in babble noise 

Auditory exemplars need an input to develop. Background noise is a significant 

environmental variable that could hinder the development of an auditory exemplar, 

as well as auditory word recognition (Rönnberg et al., 2010). The background noise 

interferes with the recognition of various speech sounds in different ways. The type 

of noise itself may contribute differently to word recognition. For example, babble 

noise, industrial noise, and white noise have varying noise spectrums that interfere 

with listening differently (Phatak et al., 2008; Phatak & Allen, 2007). From these 

noise types, the babble noise is likely the most familiar for children from daycare 

centers and play areas. Babble noise creates general background noise but may also 

interfere with listening by creating informational masking. In informational 

masking, the competing words and information from the speakers in the masking 

noise may challenge listeners’ ability to focus on the targets (Freyman et al., 2004). 

The informational masking level decreases with an increasing number of speakers 
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in the masking noise, and with ten speakers, the informational masking already 

fades away (Freyman et al., 2004). A background babble noise that includes more 

than ten speakers would create a babbling voice texture that sounds like many 

speakers are talking simultaneously, but no words or content can be detected. 

Babble noise has been reported to impair normal hearing children’s immediate 

passage comprehension (Brännström et al., 2018). 

Background babble noise may blur phoneme recognition but also complicate 

the formation of lexical and phonemic representations (Ahissar et al., 2006). In 

general, the phonemes easiest to recognize in babble noise, i.e., that are noise 

resistant, are those that have an energy above the babble noise like sibilants (Meyer 

et al., 2013; Moreno-Torres et al., 2017; Phatak & Allen, 2007). Moreno-Torres et 

al. (2017) divided consonants based on their babble noise resistance into three 

groups. The low scoring group, i.e., consonants that are easily masked by the noise, 

had limited energy across the spectrum (e.g., /f, θ, v, ð, b/, and /m/). The middle 

group contained consonants with energy in the first 4,000 Hz (e.g., /n, p, g, k, d/, 

and /r/ and /l/). The consonants that contain energy above the babble noise are in 

the high noise-resistant group (/t, s, z, ʃ/, and /ʒ/). There are no studies thus far on 

whether Finnish children’s word and phoneme recognition patterns resemble 

previously reported results.  

When a person mishears a consonant and confuses it with another, confusion 

between consonants that differ minimally from the target consonants is likely. The 

manner, place, and voicing of consonants have been reported to be sources of 

confusion (Benkí, 2003; Christiansen & Greenberg, 2012; Leibold & Buss, 2013; 

Meyer et al., 2013; S. Phatak & Allen, 2007). Confused consonants may also share 

the same level of noise resistance (Benkí, 2003; Moreno-Torres et al., 2017). 

Children and adults have mostly been reported to have similar patterns in their 

consonant confusion, but children have also had increased difficulties in perceiving 

labial stops (Nishi et al., 2010). Results from individuals with hearing loss and 

cochlear implants show some similar patterns like confusion sources differing by 

place of articulation in stop and nasal consonants (Rødvik et al., 2018). 

2.2.3 Phonological skills and very early pre-reading skills 

Pre-reading skills are the underlying skills needed to learn to read and write, and 

they therefore predict the development of literacy skills well (Puolakanaho et al., 

2007). The prediction rate for literacy skills stays equal whether the pre-reading 

skills are assessed immediately before the reading instruction starts or a year earlier 
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(Bartl-Pokorny et al., 2013; Snowling et al., 2003). The earlier assessment gives 

time to provide interventions for children with weak pre-reading skills. Some 

studies have therefore investigated pre-reading skills already from children 

younger than 4;0 (Puolakanaho et al., 2007; Snowling et al., 2003). Puolakanaho et 

al. (2007) reported very good prediction rates for literacy skills by using letter 

naming, rapid automatized naming (RAN), and information about the familial risk 

of dyslexia at 3;6, even though many false-positive cases were also noted. The use 

of familial risk in prediction may be important, because the familial dyslexia risk 

has been estimated to be between 40% and 60% (Raskind et al., 2013). 

Some of the skills that are often considered pre-reading skills are letter naming, 

rapid automatized naming (RAN), phonological awareness, and the knowledge of 

how graphemes and phonemes correspond (Puolakanaho et al., 2007). Of these, 

letter naming is one of the tools that can be used earliest. Worden and Boettcher 

(1990) mentioned, that letter naming ability may start to develop earlier than 

phonological knowledge in English speaking children. Letter naming may also 

precede grapheme-phoneme correspondence (Piasta & Wagner, 2010). Letter 

naming has been seen as a central pre-reading skill (Hjetland et al., 2017; Piasta & 

Wagner, 2010; Puolakanaho et al., 2007), and it supports the development of 

phoneme-grapheme correspondence (Piasta & Wagner, 2010; Torppa et al., 2016). 

The first letter children usually learn to name is the initial of their first name, 

possibly because they feel ownership and interest in their name (Phillips et al., 

2012). At the age of 3;0, English-speaking children have been reported to name an 

average of four letters. At the age of 4;0, they already name 15 letters (Worden & 

Boettcher, 1990). In Lyytinen et al.’s (2004) study, Finnish children at 3;6 named 

fewer letters, on average 2,7. The difference may be explained by the children’s 

culture in different countries. A delayed letter-naming skill has been considered one 

of the strongest indicators of later literacy difficulties (Lyytinen et al., 2015). 

Finnish children who name at least four letters at 3;6 are reported to create good 

reading skills later on (Lyytinen et al., 2004). The letter-naming skill is considered 

part of reading not only because text consists of letters but also because both letter 

naming and reading are based on the same skills of phonological processing, 

phonological memory, rapid naming, basic cognitive capacity (de Jong & Olson, 

2004; Molfese et al., 2006; Torppa et al., 2006), and the accuracy of underlying 

phonological presentations (Justice et al., 2006). 

Previous studies have reported associations between phonological skills and 

letter-naming ability, among other variables, in longitudinal studies and studies 

regarding the SSD population. The phonological development level at the age of 
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9–30 months (Farquharson et al., 2018), at 2;6 years (Scarborough, 1990), and at 

3;9 (Snowling et al., 2003) was associated with letter-naming skills at 5;0. Studies 

among children with SSD also reveal the connections, because children with SSD 

may have an increased risk of developing reading difficulties (Anthony et al., 2011; 

Hulme et al., 2015; Storch & Whitehurst, 2002), especially if they also have 

difficulties in speech perception (Rvachew, 2007). Speech production and letter-

naming ability may be connected through speech perception skills and 

phonological awareness rather than having a direct relationship (Rvachew, 2007). 

Some children with SSD may have difficulties in speech perception, leading to 

poorly specified acoustic-phonetic representations in the mental lexicon and further 

difficulties in pre-reading skills (Rvachew, 2007). Although previous studies show 

evidence of the connection between phonological and letter-naming skills, less is 

known about connections between phonological skills and letter-naming ability in 

typically developing younger children when both skills are developing concurrently. 

Another relevant pre-reading skill is RAN. In several studies, it has been shown 

to be an important pre-reading skill (e.g., Kirby et al., 2008; Ozernov-Palchik & 

Gaab, 2016; Puolakanaho et al., 2007; Warmington & Hulme, 2012). The reason 

why RAN is a good indicator of the development of literacy skills may lie in the 

similar cognitive processes needed for RAN and reading, like the activation of the 

neural naming circuit in the left hemisphere of the brain (Lervåg & Hulme, 2009; 

Norton & Wolf, 2012). Åvall et al. (2019) studied the development of RAN skills 

from the age of 4;0 onward. They reported rapid growth in RAN performance from 

the age of 4;0 to 6;0. Some children seemed to have difficulties in RAN at the age 

of 4;0. However, it may not have been due to a lack of comprehension of the task, 

because their performance remained slower than their peers when they grew older. 

RAN has been used with children as young as 3;6 (Puolakanaho et al., 2007), even 

though it is usually assessed from 5;0 on.  

RAN is a well-defined task where the subject names a set of highly familiar 

items as quickly as possible, and the time is measured in seconds (Wolf & Bowers, 

1999). The items are usually numbers or letters. These are often called 

alphanumeric items. However, colors or objects are also used in the task. Even 

though the alphanumeric RAN has been reported to be more strongly correlated 

with literacy skills than a task with colors or objects, i.e., non-alphanumeric tasks, 

the non-alphanumeric version has also been shown to predict later literacy skills 

(Kirby et al., 2008; Landerl & Wimmer, 2008). The advantage of an alphanumeric 

task is the closed set of words. A number or a letter can be named only with one 

specific word from a well-defined word group. The non-alphanumeric task has one 
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further step, semantic processing (Åvall et al., 2019; Kirby et al., 2008). However, 

the non-alphanumeric version can be used with children who are still learning their 

numbers and letters, because only highly familiar items should be used (Lervåg & 

Hulme, 2009). When the task contains objects, they can be named with various 

words, and the naming process slows down (e.g., for a shoe: runner, boot, slipper, 

sneaker, loafer, etc.). 

To be successful in RAN, the subject must retrieve phonemic information 

rapidly from their long-term memory. It has been seen to reflect the retrieval 

process of phonological representations from the mental lexicon (Bowey et al., 

2005; Lervåg & Hulme, 2009; Ziegler et al., 2010), measuring phonological and 

visual processing speed, accuracy, and their integration (Lervåg & Hulme, 2009). 

However, to complete RAN, other necessary skills include feature detection, visual 

discrimination and identification, attention, articulation, activation and integration 

of semantic information, and access to phonological labels (Wolf & Denckla, 2005). 

When young children are studied, from this list, at least attention, articulation, and 

access to phonological and semantic information may challenge their performance.   

Phonological skills may be connected to RAN through phonological 

processing and phonological representations (Munson et al., 2011). If children 

show delays in phonological development, the accuracy of their phonological 

representations may be affected at such a level that the impact is not seen only in 

articulation but also in pre-reading skills (Eadie et al., 2015; Sutherland & Gillon, 

2007). Furthermore, children with SSD have been noted to have increased 

difficulties in pre-reading tasks (e.g., Macrae & Tyler, 2014;Rvachew et al., 2007; 

Cabbage et al., 2018; Rvachew et al., 2003). Thus, little is known about how 

phonological skills and RAN may be associated in typically developing young 

children. 
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3 Aims of the study  

This dissertation has two main aims, presented in Table 1. The first aim is to 

describe Finnish-speaking children’s phonological skills at 3;6. So far, Finnish 

children’s phonological development has been mostly studied in the early phases, 

in the period of first words and at the beginning of the period of systematic 

phonology. Only two studies thus far (Kunnari et al., 2012; Martikainen, 2021) 

have examined the phonological skills in children acquiring Finnish at 3;6. More 

detailed analyses are required for a good understanding of the kind of phonological 

development typically developing children have at the age when many of the 

children needing SLP support enter the SLP services. Second, this dissertation 

investigates how phonological skills at 3;6 are associated with lexical, auditory 

word recognition, and very early pre-reading skills. The connection between 

language-related skills may provide further information about the factors that may 

interact with phonological development. The results are based on three original 

publications. Table 2 presents the main study questions in the articles. 

Table 1. The main aims of the dissertation and articles studying the topics. 

Main aims Article addressing the 

topic 

Phonological skills of children acquiring Finnish at 3;6 Article I  

Associations between phonological skills at 3;6 and lexical skills at 2;0 and 3;6 Article I 

Associations between phonological skills and auditory word recognition in 

babble noise at 3;6 

Article II 

Associations between phonological skills and pre-reading skills at 3;6 Article III 

This dissertation and the original articles are part of the adaptation, norming and 

validation study of the Finnish short-form versions of the MacArthur-Bates 

Communicative Development Inventories (Sanaseula Study; principal investigator 

of project: Associate Prof. Stolt) which has been ongoing since 2010. In this 

dissertation, the data collected at 2;0 and 3;6 by the project is utilized. The author 

of this dissertation took part to the data collection at 3;6 by testing the language 

skills of roughly 50% of the children. The ethical committee at the University of 

Turku approved the study protocol of the adaptation, norming and validation study 

of the Sanaseula in the fall of 2010. Turku Health Services granted permission to 

recruit participants from the child welfare clinics in the Turku area. Parents received 

written information about the FinCDI short form study, and those interested in 

participating signed an informed written consent form. The assessing SLPs/trained 
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SLP students (supervised by SLP) provided written feedback on the child’s 

assessment result to the parents at the ages of 2;0 and 3;6. When there were 

concerns about speech or language development, the issues were discussed over 

the phone and parents were directed to contact their local child welfare clinic for 

further SLP support if required.  

Table 2. The main study questions in articles I, II, and III. 

 Research question 

Article I What kind of phonological skills do Finnish children have at 3;6? 

Is there an association between phonological development at 3;6 and lexicon size at 

2;0 and/or lexical ability at 3;6? 

Which explains phonological skills at 3;6 better, lexicon size at 2;0 or lexical ability at 

3;6 when the effect of background factors (gender, maternal education) is taken into 

account? 

Article II Is there an association between phonological skills and auditory word recognition 

ability in babble noise in children acquiring Finnish at 3;6? 

How much children's auditory word recognition skills explains phonological skills at 

3;6 when the effect of background factors (gender, maternal education) is taken into 

account? 

Do the following phoneme-related aspects affect word recognition in babble noise: a) 

word includes the noise resistant sibilant /s/; b) word includes the late-acquired apical 

trill /r/? 

What are the most common mutual phoneme confusions in auditory word recognition 

in babble noise? 

Article III Is there an association between phonological skills and prereading skills (letter 

naming and RAN) in children acquiring Finnish at 3;6? 

What kinds of associations exist between the phonological development at 3;6, and 

the following variables: very early pre-reading skills; auditory word recognition ability 

in babble noise at 3;6; and lexical skills at 2;0 and at 3;6? 
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4 Participants and methods 

4.1 Participants 

The subjects of the study were 67 children in total (30 boys). However, not all the 

assessment results were available from all the participants, and the number of 

subjects varied between the publications. The number of participants in Article I 

was 67 (30 boys), in Article II 65 (29 boys), and in Article III 66 (29 boys). The 

public health nurses at the Child Welfare Clinic in Turku invited the parents of 

eight-month-old children to take part in the study. Baby Health Care clinics are 

used widely in Finland, since 99.7% of mothers and their newborn babies access 

the services (THL, 2019). 

Participating children were from monolingual Finnish-speaking families, 

healthy, and born full-term (>37 weeks of gestation). The child-based exclusion 

criteria were a diagnosis (or suspicion) of cerebral palsy, intellectual disability, 

hearing impairment, or autism spectrum disorder. In addition, parent-based 

exclusion (one or both parents) criteria were severe mental health problems and 

narcotic or alcohol addiction. Parental education levels are reported in Table 3. The 

parental education level corresponded roughly to the education level of the Finnish 

population (Statistics Finland, 2019). As with the parents, all the children were 

healthy during the 3;6 assessment sessions; none of them had an acute respiratory 

infection or ear infection that could have affected their listening, speaking, or 

focusing that day. The frequency of the child’s possible ear infections and the 

child’s current health status were collected from parents in a structured interview 

at the beginning of the assessment session. 

Table 3. Background factors—gender, parental education level, and history of ear 

infections—are reported. 

Background factor n % 

Gender   

 Girls 37 55 

 Boys 30 45 

Regular ear infections (at least 2/year) 7 10 

Parental education level mother/father*   

 Compulsory education (9 years) 3/1 4/1 

 Secondary education (12 years) 10/21 15/31 

 Advanced vocational education 24/17 36/25 

 University level education 31/26 46/39 

*Educational information missing from two fathers. 
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4.2 Methods and study design  

The study in Article I is longitudinal, containing the age points 2;0 and 3;6. The 

studies in Articles II and III comprise concurrent data from the age point 3;6, and 

they are therefore cross-sectional. 

4.2.1 The assessment of phonology 

At the age of 3;6, children’s phonological skills were assessed using the “Finnish 

Phonology Test” (FPT; Kunnari et al., 2012). The FPT is designed to assess Finnish 

phonological development and is thus highly language-specific. It is normed for 

children from 2;0 to 6;11. The norming sample was 50 children in each age cohort. 

Children under 3;0 were divided into two cohorts: 2;0–2;5 and 2;6–2;11. Children 

from 3;0 to 6;11 were divided into yearly age cohorts (e.g., children aged 3;0–3;11, 

with a mean of 3;6 years were the cohort of 3-year-olds). In each cohort, the 

children’s age distribution was balanced, and the same number of children were 

assessed from every monthly age (four children). In the FPT, the child names 90 

colored pictures of familiar objects from their everyday life. The assessment 

includes two analyses of children’s speech production: paradigmatic and 

phonotactic. The paradigmatic part assesses children’s consonant inventories in 

word-initial (max. 12), medial (max. 13), and final (max. 2) positions. Vowel 

inventory is also analyzed (max. 8), as well as children’s ability to pronounce word-

initial vowels (max. 2). The phonotactic part investigates children’s syntagmatic 

skills, i.e., the ability to produce various word and syllable structures and combine 

phonemes in words (max. 127). Phonetic allophones of the sounds /s/ and /r/ are 

ignored in the analysis of the test, because the test focuses on phonological, not 

phonetic skills. Moreover, Finnish has only one trill and one sibilant.  

4.2.2 The assessment of lexicon 

Lexical skills were assessed at two age points, at 2;0 and 3;6. Two different types 

of assessments were used, because at the start of the data collection, there were no 

lexical assessment tools in Finnish that covered both age points. 

At the age of 2;0, a standardized parental questionnaire, the Finnish long-form 

version (FinCDI) of the MacArthur-Bates Communicative Development Inventory 

(MCDI; Fenson et al., 1994; Lyytinen, 1999) was used to assess expressive lexicon 

size. The toddler version of FinCDI includes 595 words. Parents marked the words 
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that were included in their child’s expressive vocabulary at the age of 2;0. The 

FinCDI form was sent to parents at the time of their child’s second birthday (+/- 2 

weeks). The original version of MCDI is widely studied. It provides accurate 

information about children’s expressive lexicon size at 2;0 (Bleses et al., 2008; Stolt 

et al., 2009). The FinCDI has been adapted for the Finnish language and culture 

and normed and validated for the Finnish population (Lyytinen, 1999). 

The Boston Naming Test (BNT; Kaplan et al., 1983) was used to assess 

children's lexical ability at 3;6. The BNT contains 60 pictures. It is designed to 

assess both naming ability and naming speed. The Finnish version of the BNT was 

originally adapted, translated, and standardized for children of 5;0 and older (Laine 

et al., 1997). Later, the naming ability part of the BNT has also been used with 

children from 3;0 to 9;0 (Loukusa, 2007) and 3;6 (Lyytinen et al., 2005). The 

correct spontaneous answers and answers after a semantic cue are calculated 

together to obtain a final score.  

4.2.3 The assessment of auditory word recognition in babble noise 

Auditory word recognition ability was assessed using a closed-set picture-pointing 

auditory word recognition task (AWRT) in multi-talker babble noise at 3;6. The 

AWRT was designed and piloted for the current study (the author of this 

dissertation), because no standardized auditory discrimination assessment methods 

were available in Finnish for this age group. In the AWRT, children were asked to 

point to pictures that matched a word they heard (36 drawn color pictures). The 

pictures were presented on five picture boards (3x8 and 2x6 pictures). In the 

assessment, the words were presented in multi-talker babble noise with a signal-to-

noise ratio of 13dB. The babble noise was layered to such an extent that the 

possibility of informational masking was excluded, i.e., the listener was unable to 

detect the speaker’s words, phonemes, intonation, or language. There was a 

recorded word set for each picture board. The main energy level of each set of 

words was measured in Praat (Boersma & van Heuven, 2001) and the signal-to-

noise ratio was set to 13dB, using the main energy in each set. The level of 

background noise was set based on earlier findings on children’s listening skills in 

noise (Vance et al., 2009) and the pilot study. The target words were recorded using 

Audacity software and a Dynamic MT-58 Vocal Microphone in a quiet studio 

setting. The speaker, a female SLP, was instructed to speak with a neutral tone, 

good voice quality, medium speech rate, and the falling intonation that is typical of 

Finnish. The proximity to the microphone was 10 centimeters. 
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The target words were two-syllable words familiar to Finnish children. Four of 

the picture boards contained words that are phonetic neighbors to each other. They 

differed by one or two consonants (e.g., [pɑlɑ, rɑhɑ, kɑnɑ, sɑhɑ, pɑhɑ, pɑtɑ, kɑsɑ, 

kɑlɑ], “piece, money, chicken, saw, bad, pot, pile, fish”). The syllable structure was 

controlled, and only the initial and medial consonants varied. The target words 

ended with an open syllable, a typical word structure in Finnish (Suomi et al., 2008). 

The fifth board contained four geminate-singleton word pairs, i.e., words that 

differed by the length of a phoneme (e.g., [mɑtːo–mɑto] “rug–worm”). Consonant 

frequency (Hakulinen et al., 2005) was taken into account in the creation process. 

Table 4 presents the complete list of words on each picture board. The uneven 

number of words on picture boards was due to the exclusion of less well-recognized 

pictures during the pilot study. The words rejected during the pilot study are also 

shown in Table 4. 

At the start of an assessment, the child was familiarized with the task. First, the 

pictures were examined and named with the child, using elicited naming (e.g., This 

animal says “meow.” It is a …). If the child had difficulties naming the picture 

correctly, s/he was supported with extra semantic cues (e.g., for steering wheel: this 

is in a car. The driver holds it and turns it to steer the car). Finally, the assessing 

SLP/trained SLP student named all the pictures to confirm the words. The word 

familiarization was completed on each picture board just before the child listened 

to the words in babble noise to ensure s/he remembered the words well during the 

listening task. Second, the speaker’s voice in the recording was introduced using 

two example words ([kukː ɑ] “flower” and [mɑhɑ] “belly”). Third, the babble noise 

was introduced without target words. It was described as a daycare classroom, or a 

noisy party if the child did not attend daycare. Fourth, the two example words were 

played in babble noise as many times as required to confirm that the child 

understood the instructions. The sound pressure level was chosen with the child to 

match her/his comfort level. During the test phase, each target word was presented 

in babble noise once. Any number of breaks during the test was allowed to maintain 

the best possible focus. 
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Table 4. Total recognition of words on the five picture boards (PB) and the words in the 

Auditory Word Recognition Task, their recognition percentages (in table: %), and 

translations to English. The rejected words (rejected during the pilot study due to lower 

picture recognition) are also presented. 

Target % Target %   

Total recognition in PB 1 83 Total recognition in PB 2 75   

[rɑtːi] a steeringwheel 93 [siːli] a hedgehog  98   

[nɑkːi] a hotdog 92 [hiːri] a mouse 87   

[tɑkːi] a jacket 88 [ʋiːsi] five 82   

[lɑkːi] a cap 87 [ʋiːli] yogurt  73   

[kɑtːi] a kitty  82 [hiːʋi] tiptoe 50   

[nɑpːi] a button  68 [piːri] a circle  50   

rejected word:  

[tɑtːi] a mushroom 

 rejected words:  

[hiːli] coal  

[ʋiːri] a pennant  

[tiːli] a brick 

   

 

 

Target 

 

 

% 

 

 

Target 

 

 

% 

  

 

% 

Total recognition in PB 3 59 Total recognition in PB 4 89 Total recognition in PB 5 83 

[kɑuhɑ] a scoop  88 [sɑhɑ] a saw 100 [kisː ɑ] a cat 98 

[lɑutɑ] a board 72 [pɑtɑ] a pot 98 [pɑlːo] a ball  93 

[nɑulɑ] a nail 70 [kɑsɑ] a pile  95 [mɑtːo] a rug  93 

[lɑulɑ] sing 62 [kɑlɑ] a fish  95 [mɑto] a worm 90 

[nɑurɑ] laugh  58 [kɑnɑ] a chicken 92 [kisɑ] a race 77 

[kɑulɑ] a neck  40 [rɑhɑ] money 80 [pɑlo] a fire  77 

[rɑutɑ] an iron  38 [pɑlɑ] a piece 68 [uni] a dream  72 

[nɑuhɑ] a ribbon 35 [pɑhɑ] bad 77 [uːni] an oven  60 

no rejected words  no rejected words  rejected words [kukɑ] who  

The author of this dissertation completed the pilot study in a daycare setting in the 

fall of 2013. The goal of the pilot study was first to confirm that pictures and words 

were familiar to the children and then choose a suitable signal-to-noise ratio. The 

purpose of using background babble noise was to avoid the ceiling effect in the 

auditory task (Vance et al., 2009). The trialed signal-to-noise ratios were based on 

previous findings of sufficient (95% comprehension rate) listening conditions in 

schools (Bradley & Sato, 2008). The trialed signal-to-noise ratios were 15dB 

(corresponding sufficient rate for 6-year-old children), 13dB (12;5 dB being 

sufficient for 8;0), and 10dB. The aim was to create more challenging than 

“sufficient conditions for listening” to avoid the ceiling effect.  
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The pilot subjects were 11 children (7 girls) between the ages of 2;8 and 4;7. 

Informed consent was obtained from the parents. Parents received verbal feedback 

on their children’s performance in the task. In the first phase, suitable pictures were 

chosen. Only pictures that were named correctly without any cues by at least 80% 

of the children were chosen. Table 4 shows the words that were rejected. All the 

children in the pilot study named 28/36 pictures without any cues, and all the 

pictures after a semantic cue (e.g., if the target word was “a button,” but the child 

named it “a circle,” a cue would have been “yes, the shape is circle. You have this 

on your coat”). In the second phase, children listened to the words at different levels 

of babble-noise. Due to the small number of children and the varying age range, 

statistical analyses were not completed. The signal-to-noise ratio was chosen based 

on children’s reactions to the noise levels. With the 15dB signal-to-noise ratio, most 

of the children recognized words auditorily very well, and the babble noise seemed 

to present only minimal challenges. When the target words were played with a 

signal-to-noise ratio of 10 dB, some children complained about the noise and had 

difficulties focusing on and detecting the target words. The signal-to-noise ratio of 

13dB challenged children’s auditory word recognition but did not overly disturb 

their focus. It was thus chosen. Every child in the pilot study recognized words on 

every picture board in the signal-to-noise ratio of 13dB. The children in the pilot 

study did not participate in the main study. 

4.2.4 The assessment of very early pre-reading skills 

At 3;6, pre-reading skills were assessed using the LUKIVA method (Puolakanaho 

et al., 2011). LUKIVA is a standardized method for investigating pre-reading skills 

and the risk of later reading difficulties in children from 3;6 to 5;6. LUKIVA 

contains two tasks for children and a parent questionnaire on possible dyslexia in 

the family. The tasks for children are letter naming and rapid automatized naming 

(RAN). The letter-naming task contains the 23 most common uppercase letters in 

Finish orthography (max. 23 points). The RAN task has five pictures that are 

randomly repeated six times. The child names a total of 30 pictures placed in five 

rows on a single sheet. The RAN items are “pallo” ball, “kynä” pen, “auto” car, 

“talo” house, and “kala” fish. The RAN time is taken with a stopwatch and reported 

in seconds.  

The parent questionnaire gathers information about the possible familial risk 

of dyslexia. Parents are asked if either or both of them had difficulties in learning 

to read (1 point), or if the difficulties continued to adulthood (1 point; max. 2+2=4 
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points). They are also asked if the child’s aunts, uncles, or siblings have/have had 

difficulties in reading (max. 1+1+1=3 points). In the parent questionnaire, the total 

points vary from zero to seven. The child is considered to have an increased familial 

dyslexia risk if s/he gets at least one point from both sections (e.g., one of the 

parents and an aunt, uncle, or sibling has/had difficulties in reading). The results 

from the letter naming and RAN, as well as information from the parent 

questionnaire, are typed into a formula that provides an index for pre-reading skills. 

The index is an inversion of the percentile. If a child receives an index of 20 or 

higher, her/his risk for later reading difficulties is increased (20% of the population 

with an index of 20 will have been reported to create dyslexia), and additional 

practice is recommended. 

4.3 Analysis 

In the assessment of phonological skills (FPT), phoneme inventory scores were 

added to obtain a paradigmatic score (max. initial consonants 12+ medial 

consonants 13+ final consonants 2+ vowels 8+ initial vowels 2 = 37 points). To 

enable a comparison with international results (McLeod & Crowe, 2018), the PCC-

A, PVC, and group level consonant acquisition percentages were calculated in 

addition to the paradigmatic results the FPT provided. PCC-A was used because 

typical clinical distortions were accepted in the FPT, as instructed in the manual, 

and the phonemic rather than the phonetic skill level was studied. The FPT data 

were used as a speech sample, because information about all the Finnish consonants 

was available in a balanced manner. The consonant acquisition percentages in the 

full sample level were calculated for all consonants in word-initial and word-medial 

positions.  

To compare phonotactic skills with the FPT normative sample (Kunnari et al., 

2012) at group level, the percentile distribution was calculated for the current group 

of children (see Appendix 1). To create a total score for the FPT, the paradigmatic 

and phonotactic scores were counted together (max 37+127 = 164). This enabled 

the comparison of total phonological skills with the other measured areas. 

The raw scores were used from both lexical measures, FinCDI and BNT, and 

AWRT results, as a continuum. To further analyze the results of children’s 

performance in the AWRT, the percentages of the correct recognition of words and 

consonants (initial/medial) were calculated. A consonant confusion matrix was 

created from the word pairs that were confused with each other similarly at least by 

10 children. The nature of the closed-set picture pointing task meant the Finnish 
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phonemes were not presented equally in the AWRT, and a full confusion matrix 

would not have given a correct picture of consonant confusions. The descriptive 

analysis was based on 60 children’s results, because some children’s answers were 

marked only correct/incorrect and therefore lacked further details. The number of 

letters named correctly and the RAN time in seconds were used separately in the 

analyses in LUKIVA.  

The statistical analyses were completed with R software (version 3.1.3 GUI 

1.65 Snow Leopard build, 6912). The Mann-Whitney U-test was used to analyze 

gender differences and the possible effect of maternal education level on the FPT. 

A forced dichotomy was used, and the maternal education levels were divided into 

two categories, university-level education and another education level. This 

division was chosen because of the number of mothers with a university-level 

education (46%). 

The Spearman correlation coefficient was used to analyze the associations 

between the assessment scores of the FPT, FinCDI, BNT, AWRT, and LUKIVA. 

Non-parametric statistical analysis was chosen because of skewedness, especially 

in the LUKIVA index. The significance limit was set to p<0.05. 

Three multiple linear regression analyses were used to predict phonological 

skills at 3;6. In the first model, FPT scores were predicted with FinCDI scores and 

background factors (maternal education level and child’s gender). In the second 

model, the dependent variable was the FPT score, and the independent variables 

were the BNT score and background factors. In the third model, the FPT scores 

were predicted with AWRT scores and background factors. The LUKIVA index was 

not used in linear regression models due to many indexes being 0, creating strong 

skewedness in the data. ANOVA was used to assess statistical significance. The 

significance limit was set to p<0.05.  
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5 Results  

5.1  Phonological skills at 3;6 

Table 5 presents the descriptive statistics for the total FPT and subtest scores.  

Table 5. The descriptive statistics for the Finnish Phonology Test (FPT), and mean 

values, standard deviation (SD), and the minimum and maximum values (min–max) are 

presented. C stands for consonant, and V for vowel. 

Part of 

assessment 

Skill areas Mean SD Min–max. 

FPT total score 142 16 77–164 

Paradigmatic score 34 2 25–37 

 Initial C 11 1 7–12 

 Medial C 12 1 8–13 

 Final C 2 0 0–2 

 V, total 8 0 8 

 Initial V 2 0 2 

Phonotactic score 108 13 52–127 

 Syllable length 26 1 20–26 

  Length of vowel 6 0 6 

  Length of consonant 8 0 7–8 

  2 moras 6 0 4–6 

  3 moras 6 0 1–6 

 Word length 18 1 11–18 

  2 syllables 6 0 6 

  3 syllables 6 0 3–6 

  4–5 syllables 6 1 2–6 

 Combining phonemes 63 13 21–83 

  Cs in separated positions 33 6 6–39 

  Diphthongs 8 0 5–8 

  Medial C clusters 22 7 3–33 

  Initial C clusters 1 1 0–3 

In the paradigmatic area, children mastered the production of most of the Finnish 

phonemes. All the children had complete vowel inventories, the PVC value thus 

being 100. Sixteen (24%) of the children also had complete consonant inventories. 

Overall, the PCC-A value was 90.4. A comparison with McLeod and Crowe’s (2018) 

review of PCC and PVC (summary of Arabic, Danish, German, English, French, 

Hungarian, Portuguese, Swahili, Setswana, Turkish, and Xhosa) is presented in 
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Table 6. Furthermore, Table 6 contains a comparison of how the phonemes that are 

part of Finnish phonology are acquired in other languages. Differences in the 

consonant acquisition level between the Finnish and international results were 

noted in /d/ and /s/. 

Table 6. Comparison of the international review (McLeod & Crowe, 2018) and Finnish 

(results of the current study). Presented values are the percentage of consonants 

correct adjusted (PCC-A) and vowels correct (PVC), the consonants that belong to 

Finnish phonology and their acquisition criteria (90–100%, 75–85%, <75%) between the 

ages of 3;0 and 3;11 in the international review and at 3;6 in the Finnish. 

 Finnish1    McLeod & Crowe (2018) 

PCC at 3;6 90 892  

PVC at 3;6 100 973  

90–100% criteria at 3;0-3;11/3;6 /m, n, ŋ, p, t, k, s, l, j, ʋ, h/ /m, n, ŋ, p, t, d, k, l, j, ʋ, h/ 

75–85% criteria   /s/ 

under 75% criteria  /r, d/ /r/ 

1. The Finnish data include results from 66 children in the current study. 

2. Languages reviewed: Arabic; Danish; German; English; French; Hungarian; Portuguese; Swahili; 

Setswana; Turkish; and Xhosa. 

3. Languages reviewed: Danish; English; Swahili; Setswana; and Xhosa. 

The consonants produced by all the children were /m, n, p, t/, and /h/. At least 90% 

of the children also had the consonants /k, s, l, j, ʋ/, and /ŋ/ in their productive 

consonant inventories. The two remaining consonants, /d/ and /r/, were less well 

mastered. Table 7 shows the group level percentage of consonant acquisition in 

word-initial and medial positions for the consonants that had a mastery of 

production level of less than 100%. The word-medial consonants showed 2–6 

percentage points higher mastery of production levels than the word-initial 

consonants except for the consonant /k/, which was missing from two children’s 

medial but not initial inventory. The most common substitution for the apical trill 

/r/ was the lateral approximant /l/ (27 children, 84% of the substitutions). Other 

substitutions were a voiced labial approximant /w/ (2 children) and a voiced 

labiodental approximant /ʋ/ (3 children). Information about the substituting 

phoneme was missing from 14 children. Table 8 presents a comparison of the 

paradigmatic skills (mean, min–max) with the normative sample of the FPT at the 

ages of 3;0–3;11 and 4;0–4;11, and the current results. 
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Table 7. Consonant acquisition percentages for word-initial and word-medial positions 

are presented. Only the consonants that had a mastery of production of lower than 100% 

in the initial or medial word position are presented. 

placement in the word /r/  /d/ /s/ /l/ /ʋ/ /j/ /ŋ/ /k/ 

initial 31% 63% 90% 90% 97% 97% n/a* 100% 

medial 37% 67% 93% 93% 99% 100% 94% 97% 

* Cannot be an onset consonant in Finnish phonology 

In the phonotactic area, only two children had some difficulties with the length of 

the phoneme, syllable, or word. More variation was found in the ability to combine 

phonemes, which Figure 1 presents. Word-initial consonant clusters were still 

especially challenging. Although the initial consonant clusters included the 

phoneme /r/, even fewer children pronounced the initial clusters correctly compared 

to initial and medial /r/ as a singleton. Only two children pronounced all the initial 

clusters correctly. The omission was the most usual way to simplify the 

pronunciation of word-initial consonant clusters (45 children, 72%). The rest of the 

children used phoneme substitution (e.g., [plinsesːɑ] for [prinsesːɑ] “a princess”). 

 

Fig. 1. Variation in children’s ability to combine phonemes in words is presented. 
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Based on the FPT norms, most of the children presented with typical or good 

phonotactic skills for their age (55 children, 82%), twelve children had excellent 

skills (percentile >90, 18%), and one presented with weak skills (percentile <10). 

Overall, the children in this sample achieved slightly higher scores than expected 

based on the FPT norms (n=50, norming population 3;0–3;11, mean age 3;6). Table 

8 presents a comparison of the normative sample of the FPT at the ages of 3;0–3;11 

and 4;0–4;11 and the current results. Appendix 1 presents the percentile distribution 

for the current sample of children. The FPT score did not differ between girls and 

boys (U=625, p=0.38). However, the FPT scores differed based on maternal 

education level (U(37.30) = 743, p<0.01). A strong correlation was found between 

paradigmatic and phonotactic skills (r=0.85, p<0.001).  

Table 8. Children’s paradigmatic skills (mean, min–max) and phonotactic skills 

(percentiles 2, 8, 16, 25, 50, and 75) in the current sample presented in the middle 

column. Results from a norming sample in the Finnish Phonology Test (FPT, n=50; 

Kunnari et al., 2012) for the age group 3;0–3;11 presented in the first, and for 4;0–4;11, 

in the last column. 

 FPT* 3;0–3;11 Current study 3;6 FPT* 4;0–4;11 

Paradigmatic skills    

 Mean 33.1 34 35.7 

 Min–max 16–37 25–37 27–37 

Phonotactic skills    

 percentile 2 (~ -2SD) 37 85 88 

 percentile 8 (-1.5 SD) 70 91 91 

 percentile 16 (-1 SD) 79 97 101 

 percentile 25 (~0.5SD) 88 102 108 

 percentile 50 (median) 103 109 116 

 percentile 84 (+1 SD) 119 123 124 

*(Kunnari et al., 2012) 

5.2 Associations 

5.2.1 Phonological and lexical skills 

Table 9 presents the descriptive statistics for expressive lexicon size (FinCDI) at 

2;0 and lexical ability (BNT) at 3;6. Due to the type of assessment, the variation in 

expressive lexicon measure, FinCDI was large (10–528 points), because there were 

595 items. In the BNT, the variation was narrower (10–35), because there were 60 
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items. FinCDI and BNT were moderately and significantly correlated (r(65)=0.41, 

p<0.001).  

Table 9. Descriptive statistics for expressive lexicon size (FinCDI) at 2;0 and lexical 

ability (BNT) ) at 3;6 are presented with mean, median, standard deviation (SD), and 

minimum and maximum values (min–max). 

Test Mean Median SD Min–max 

FinCDI at 2;0 271 288 149 10–528 

BNT at 3;6 22.5 21 6.1 10–35 

Table 10 presents the correlations between the total FPT score, paradigmatic and 

phonotactic areas at 3;6, and lexical measures, FinCDI (2;0) and BNT (3;6). All the 

correlations were significant, moderate, and positive, except for the paradigmatic 

score and BNT, which were not significant. The correlations between FPT and 

FinCDI seemed stronger than those between FPT and BNT. The paradigmatic and 

phonotactic areas in FPT were also correlated in approximately similar manners 

with FinCDI. Figure 2 presents the scatterplot presentation of total scores with a 

regression line and correlation coefficient.  

Table 10. Spearman coefficient correlations for phonological assessment results (FPT), 

its parts (paradigmatic and phonotactic), early expressive lexicon size at 2;0 (FinCDI), 

and lexical ability at 3;6 (BNT). 

 FPT total score at 3;6 FPT/ paradigm FPT/ phonotactic 

FinCDI at 2;0 0.41*** 0.44*** 0.38** 

BNT at 3;6 0.28* 0.21 0.30* 

*<0.05; **<0.01; ***<0.001 
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Fig. 2. Scatterplot presentation of the results in the Finnish Phonology Test (FPT) at 3;6 

and early expressive lexicon size at 2;0 (FinCDI), and the Finnish Phonology Test (FPT) 

and lexical ability (BNT) at 3;6 are presented with a regression line. Spearman 

correlation coefficient values are also presented. 

Two multiple regression models were fitted to the data to predict the FPT results. 

The independent variables were background factors (the child’s gender and 

maternal education level) and either FinCDI or BNT results. A significant 

regression equation was found (F(3.63)=7.00, p=0.0002) when predicting the FPT 

with FinCDI scores and background factors, with R2 of 0.24, adjusted R2 of 0.21, 

and an intercept of 115.4. The slope for the FinCDI was 0.046. The FinCDI score 

reached significance (ANOVA p<0.0001), while the maternal basic education level 

and the child’s gender did not (ANOVA p>0.1). When predicting FPT with BNT 

scores and background factors, a significant regression equation was 

(F(3.63)=3.158, p=0.02), with R2 0.14, and adjusted R2 squared 0.10. The intercept 

in the model was 118.3 with a slope for BNT scores of 0.67. The BNT score was a 

significant predictor for the FPT score at 3;6 (ANOVA p<0.02), while maternal 

basic education level and the child’s gender were not significant (ANOVA p>0.1). 

The FinCDI scores measured at 2;0 therefore explained 21% of the variation in 

phonological ability at 3;6, whereas the concurrent BNT scores explained only 10% 

of the variation respectively. 
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5.2.2 Phonological skills and auditory word recognition in babble 

noise  

In the AWRT, the children correctly recognized 78% of the words. Their 

recognition varied from 21 to 36 words, with a mean of 28 and a standard deviation 

of 3.2. Table 4 presents the recognition percentages for each picture board and word. 

Every child correctly recognized at least one word on every picture board. At least 

one child also recognized all the words correctly on each picture board. The 

recognition percentage based on the word-initial consonant was 79%, and it was 

83% for the word-medial consonant. Table 11 presents the consonant-based 

recognition percentages for word-initial and word-medial consonants. The 

consonant recognition levels are calculated from the closed-set task, where the 

consonants were not presented in similar numbers in words, and the results are 

therefore preliminary. The number of times a consonant occurred varied from three 

words (the phoneme /ʋ/) to twelve words (the phoneme /l/), with a mean occurrence 

of seven. Table 11 presents the consonant occurrence in the task.  

Table 11. Consonant recognition percentage for word-initial and word-medial 

consonants and overall consonant recognition are presented. The consonant 

occurrence in the task is presented next to the phoneme. 

Target consonant,  

(occurrence in task)  

Overall recognition Initial position Medial position 

/s/ (6) 96 99 92 

/k/ (9) 93 87 99 

/t/ (7) 89 88 89 

/n/ (8) 88 94 82 

/h/ (6) 83 85 80 

/p/ (7) 77 83 70 

/r/ (5) 73 71 75 

/l/ (12) 72 73 70 

/ʋ/ (3) 64 78 50 

The phonemes /m/ and /u/ are not included in the table, because these phonemes created a distinction 

only based on phoneme length. Note that due to the closed-set task type, the consonants were not 

presented in an equal number in the task, and the results are therefore preliminary. 

Furthermore, word recognition confusions were analyzed from the word pairs most 

prone to confusion, i.e., at least ten children confused the same two words in the 

same way. Table 12 lists the phonemes creating confusion in these word pairs. A 

word-medial consonant was the source of confusion in 72% of cases. Regarding 



56 

consonants, the phoneme /r/ was present in 38% of words (n=84) of the confused 

word pairs, /l/ in 17% (n=39), /h/ in 16% (n=36), /p/ in 13% (n=28), /ʋ/ in 9% 

(n=20), and /k/ in 8% (n=17) of confusions. When the apical trill /r/ was involved 

in the confusion, it was usually confused with its typical substitute sounds /l/ and 

/ʋ/ (70% of confusions).  

Table 12. The phonemes involved in the word pairs that created most confusion in the 

AWRT. The confused word pairs and the percentages are presented. The target word is 

presented on the left, and the word with which it was confused on the right. 

phoneme 

confusion 

pairs, (number of confusions) 

target word -> child heard as 

percentage (number of confusions)  

/r-l/ [rɑutɑ] an iron -> [lɑutɑ] a board (17) 

[nɑurɑ] laugh -> [nɑulɑ] a nail (12) 

[nɑulɑ] a nail -> [nɑurɑ] laugh (10) 

29% (39) 

/r/–/h/ [nɑuhɑ] a ribbon -> [nɑurɑ] laugh (25) 19% (25) 

phoneme length [kisɑ] a race -> [kisːɑ] a cat (13) 

[uːni] an oven -> [uni] a dream (10) 

17% (23) 

/r/–/ ʋ/ [hiːʋi] tiptoe -> [hiːri] a mouse (20) 15% (20)  

/k/–/p/ [nɑpːi] a button -> [nɑkːi] a hotdog (17) 13% (17) 

/h/–/p/ [piːri] a circle -> [hiːri] a mouse (11) 8% (11) 

Results from 60 children. 

The total FPT score was significantly and moderately correlated with the AWRT 

score (r(63)=0.34, p<0.01). Both the paradigmatic and phonotactic areas were 

similarly correlated with the AWRT (paradigmatic: r(63)=0.35, p<0.01; 

phonotactic: r(63)=0.32, p<0.01).  

A multiple regression model was fitted to the data to predict FPT results with 

AWRT scores and background factors (gender and maternal education level). A 

significant regression equation was found (F(3.61)=4.3, p=0.008), R2 of 0.18, and 

an adjusted R2 of 0.13. The FPT scores were predicted as follows: The intercept 

was 87.8 with the AWRT, with a slope of 1.62. The AWRT score was a significant 

predictor for the FPT score (ANOVA p<0.01), while maternal education level and 

the child’s gender did not reach significance (ANOVA p>0.1). With the AWRT 

scores, 13% of the variation in phonological skills could thus be explained. Figure 

3 presents a scatterplot presentation of FPT and AWRT scores with a regression 

line and correlation coefficient. 
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Fig. 3. Scatterplot presentation of Finnish Phonology Test (FPT) and Auditory Word 

Recognition Task in babble noise (AWRT) results are presented with a regression line. 

The Spearman correlation coefficient value is also presented. 

5.2.3 Phonological and very early pre-reading skills 

Table 13 presents the descriptive statistics for LUKIVA and its subtests, letter 

naming and RAN. Three children received a LUKIVA index higher than 20 

(indexes 21, 37, 38) and were therefore recommended additional pre-reading skills 

practice because of an increased risk of later reading difficulties. Two of these 

children were considered to have a familial dyslexia risk (indexed 37 and 38). A 

total of five children were considered to have a familial risk of dyslexia (at least 

one parent and at least one aunt/uncle/sibling has/had reading difficulties). The 

three other children with a familial risk all named more than 10 letters and received 
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a LUKIVA index of zero. In the LUKIVA assessment, letter naming and RAN were 

not significantly correlated (r(62)=-0.24, p=0.06).  

Table 13. Descriptive statistics for pre-reading measure (LUKIVA index), and its parts 

(letter naming and RAN). Mean, median, standard deviation (SD), and minimum and 

maximum (min–max.) values are presented. Note that the LUKIVA index is an inversion 

of the percentile. 

Test Subtest Mean Median SD Min–max. 

LUKIVA index  7.7 4.0 8.5 0–38 

 Letter Naming 4.4 1.5 6.6 0–23 

 RAN 62.6 61.0 12.4 38–93 

Table 14 presents correlations for the main FPT and LUKIVA scores and their 

subtests. The FPT scores were significantly correlated with the LUKIVA index. 

Letter-naming skills were significantly correlated with the total FPT and subtest 

scores, but RAN did not reach significance with any measure in the FPT. Figure 4 

shows a scatterplot representation of the FPT score and LUKIVA index and 

correlation coefficient for the main scores.   

Table 14. Spearman coefficient correlations for phonological assessment results (FPT), 

its parts (paradigmatic and phonotactic) and pre-reading skills (LUKIVA index) and parts 

of the pre-reading assessment (letter naming and RAN) are presented. The LUKIVA 

index is an inversion of the percentile, and the correlations appear as negative. 

Assessment  FPT total score FPT paradigmatic score FPT phonotactic score 

LUKIVA index -0.37** -0.29* -0.39** 

Letter naming 0.36** 0.28* 0.39** 

 RAN -0.19 -0.16 -0.21 

*<0.05; **<0.01; ***<0.001 
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Fig. 4. Scatterplot presentation of the Finnish Phonology Test (FPT) score and pre-

reading measure (LUKIVA index) are presented with the Spearman correlation 

coefficient value. 

5.2.4 Summary of associations 

The statistically significant correlations between the variables used in the present 

dissertation are illustrated in Figure 5. The phonological skills appeared to be the 

central skill connecting lexical, auditory, and pre-reading skills. 
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Fig. 5. Correlations between the Finnish Phonology Test (FPT), lexical measures 

(FinCDI, BNT), auditory word recognition task (AWRT), and the pre-reading measure 

(LUKIVA index) are presented. Only statistically significant associations are marked. 
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6 Discussion 

This dissertation described the phonological skills of Finnish-speaking children at 

3;6 (n=67). The associations between phonological skills and early lexicon size at 

2;0, concurrent lexical, auditory word recognition, and pre-reading skills (letter 

naming and RAN) were also analyzed. The results showed that at 3;6 some Finnish 

children seemed to be already in the finalizing phase, and others were in the 

systematic phonological period in their phonological development. The vowel 

paradigm was ready, and the consonant paradigm was nearly completed (12/13). 

However, more variation was noted in the combining of the phonemes in consonant 

clusters, especially in word-initial consonant clusters. Regarding phonological 

skills at 3;6 and early lexical development, it was found that an early expressive 

lexicon size at 2;0 seemed to be more strongly associated with phonological skills 

than concurrent lexical ability at 3;6. Early lexical skills also predicted the 

phonological skills more strongly than concurrent lexical skills. Furthermore, a 

significant association between phonological skills and auditory word recognition 

ability was detected with auditory skills that predicted phonological skills modestly. 

Finally, phonological skills were significantly correlated with pre-reading skills, 

especially with letter-naming ability.  

6.1 Discussion of the main findings 

6.1.1 Finnish children’s phonological skills at 3;6 

The current results from children’s paradigmatic development are well in line with 

the FPT normative sample results for 3;0–3;11 (Kunnari et al., 2012), thus 

strengthening the knowledge of the paradigmatic development of children 

acquiring Finnish at this age by providing valuable new data. This study provided 

PCC-A values and the level of mastery of production of each consonant for Finnish 

children, which have not been analyzed in previous studies for this age group. The 

findings showed Finnish children acquire their paradigmatic skills comparably to 

other languages (McLeod & Crowe, 2018). When comparing the acquisition of 

production of the Finnish consonants with the international review, it can be noted 

that at 3;6 Finnish children had acquired most of the sounds children in other 

languages produce as well.  
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Differences in the acquisition of two consonants (/d/ and /s/) were observed in 

this study compared with the international results (McLeod & Crowe, 2018). The 

phoneme /d/ had a low acquisition level in Finnish. In the international review 

(McLeod & Crowe, 2018) the production of voiced stop consonant /d/ was 

mastered with 90–100% of the criteria at the age of 3;0–3;11. However, the current 

study shows that it’s production was mastered by less than 70% of the children at 

3;6 in Finnish. This confirms the earlier finding in Finnish (Kunnari et al., 2012). 

The reason for this difference is probably the low functional load of the phoneme 

in Finnish (Kunnari, 2002; Warren, 2001). Furthermore, the phoneme /d/ is missing 

from some of the dialects, which further diminishes its role in the language. 

However, /d/ is part of the consonant paradigm in the Turku area dialect where the 

data were collected. The functional load has also been shown to affect consonant 

acquisition in other languages. For example, the affricate /tʃ/ is common in Turkish, 

where children acquire it early. However, it is difficult to pronounce and thus a late-

developing sound in some other languages like English (McLeod & Crowe, 2018). 

Furthermore, in Finnish, the apical stop consonants (/d, t/) are the only stops that 

have both voiced (/d/) and unvoiced (/t/) variants in the indigenous Finnish 

phonology (Suomi et al., 2006). The voiced stops /b/ and /g/ are non-native and 

also carry a low functional load. Since there is only one pair of indigenous voiced-

voiceless stops, children acquiring Finnish may not become accustomed to the 

distinction of the voicing differences in stop consonants as early as in languages 

where this distinction takes place in many stop consonant pairs.  

The other phoneme that had a slightly different acquisition path than in the 

international results was /s/. The production of sibilant /s/ was mastered with 90% 

criteria in Finnish at 3;6. In the international data, it was mastered in the 75–85% 

criterion at the age of 3;0–3;11 (McLeod & Crowe, 2018). This small difference 

may arise from the fact that Finnish phonology has only one sibilant (/s/), and there 

is no need for speakers to differentiate the /s/ sound from other sibilants, and thus 

all sibilants may be allophones for /s/ in Finnish. The pronunciation of the phoneme 

/s/ also varies in the adult population. The 90% criterion is therefore reached at the 

phonemic, not phonetic, level. Children may finetune their pronunciation of 

sibilants at the phonetic level after phoneme acquisition (Kunnari et al., 2012). 

Should the phonetic level be investigated, children’s results may be approximately 

in the same 75–85% range as in other languages. 

The phoneme that is acquired last in Finnish is the apical trill /r/. Internationally, 

the 75–85% criterion for /r/ is reached at 4;0–4;11 and 90–100% at 5;0–5;11 

(McLeod & Crowe, 2018). In the current study, only 37% of children mastered  the 
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production of the phoneme /r/ at least in one of the word positions at 3;6, being in 

line with international results. The most common substitute sound for /r/ was /l/ in 

the current study. This is also in line with other languages, because depending on 

the ambient language’s phonology, the most usual substitutions for /r/ have been 

noted to be coronal non-nasal sonorants (Stemberger & Bernhardt, 2018) like the 

Finnish /l/.  

Based on the current data, Finnish children seem to have a slight preference for 

acquiring consonant production in word-medial rather than word-initial position at 

3;6. It can be assumed this is because all the consonants except for one, (/k/), where 

some children still had production errors, were mastered slightly more often in 

word-medial than in word-initial position (/r, d, s, ʋ, l, j/). Internationally, children 

are reported to acquire new consonants in the word-initial position rather than in 

other positions (Smith & Anderson, 1987; Stoel-Gammon, 1985, 1987). This is an 

interesting language-specific feature, reported in a previous study in two-year-old 

Finnish children (Kunnari, 2003). It seems to occur even when consonant 

inventories are already well developed. The importance of the rhythmic pattern 

(Torvelainen, 2007) may continue to influence phonological development 

throughout childhood. A larger longitudinal dataset should be collected to verify 

whether Finnish children indeed prefer to learn consonants in word medial position. 

Should only paradigmatic development be taken into account, many Finnish 

children at 3;6 would already be in the finalizing phase of their phonological 

development, because they have mastered the production of most of the phonemes.  

This group of children showed more variation in their phonotactic skills than 

in the paradigmatic area. In the current study, children achieved slightly better 

results than children at 3;0–3;11 in the normative sample of the FPT (Kunnari et 

al., 2012). However, their performance was more modest than in the 4;0–4;1 age 

group in the FPT. The results of the phonotactic skills differed more from the 

normative sample than the paradigmatic skills did. The phonotactic result that 

corresponded to the percentile of 50 for the 3;0-3;11 age group in the FPT 

normative sample corresponded to the percentile of 26 in the current sample. The 

difference may be due to the variation in age or in the variation between individual 

children in each sample in question. In the normative sample, the age distribution 

was balanced (n=50, approximately four children per each age in months), and half 

of the children were therefore under 3;6. In the current study, all the children (n=67) 

were 3;6. It is possible that phonotactic skills especially develop more quickly 

during the first half of children’s fourth year, and the variation in age also explains 
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the greater variation in the normative study. The relatively small sample sizes in the 

studies may also explain the slightly different results.  

In phonotactic skills, most of the children in the current data seemed to be in 

the third period of phonological development, the period of systematic phonology 

(Saaristo-Helin et al., 2011; Vihman, 1996), because constraints affecting 

phonotactics were still evident. The production of consonant clusters especially was 

still developing. Overall, children mastered the production of moraic structure of 

syllables, phoneme length, and word length well, which is in line with previous 

studies of Finnish phonological development (Saaristo-Helin et al., 2011; 

Torvelainen, 2007) and strengthens the previous findings. The most variation was 

found in the production of consonant clusters, especially word-initial consonant 

clusters, as expected (Saaristo-Helin et al., 2011; Saaristo-Helin, 2009). Almost no 

omissions in medial hetero- or tautosyllabic clusters were detected, because 

children mastered both the production of syllable and word structures well, and 

truncation was not noted, except in two children. This is in line with Saaristo-

Helin’s (2009) results for five children. However, since the present sample of 

children at 3;6 is much larger than in previous studies, the findings provide 

important further details on Finnish phonotactic development. To ease the 

pronunciation of difficult clusters, Finnish children mostly use compensatory 

lengthening of vowels, consonant substitution, or consonant assimilation to 

simplify pronunciation, but at the same time, they keep the rhythmic pattern of the 

word intact, as previously shown (Savinainen-Makkonen, 2006; Savinainen-

Makkonen et al., 2009; Torvelainen, 2007). Unlike Finnish, omissions in medial 

clusters (tautosyllabic) are typical for English-speaking children up to the age of 

7;0 (James et al., 2008). The difference may arise from the phonology of the 

ambient language. In Finnish phonology, the rhythm of syllables and words is vital 

because of the quantity distinction (Suomi et al., 2008).  

Unlike word-medial clusters, consonant omissions were the most prominent 

way to ease the pronunciation of word-initial consonant clusters in the current study. 

This is in line with the norming sample of the FPT regarding initial clusters in 

Finnish (Kunnari et al., 2012). The initial clusters in the FPT all contain the 

phoneme /r/, the most difficult phoneme in Finnish. Overall, initial clusters are rare 

in Finnish, but some words with initial clusters can be found, typically in children’s 

vocabularies – ([prinsesːɑ] “a princess,” [trɑktori] “a tractor,” and [krokotiːli] “a 

crocodile”). This is in line with /r/ cluster acquisition in other languages, where the 

/r/ is pronounced correctly more often as a singleton consonant than as a part of a 

cluster (Stemberger & Bernhardt, 2018). However, the difference in how Finnish-
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speaking children modify the word-initial and word-medial clusters is interesting. 

If a word-medial cluster had the phoneme /r/, it was usually simplified in a way that 

did not violate the mora structure. The onset of a word (initial consonant or 

consonant cluster) is not part of the mora system, and the quantity distinction 

cannot take place at the onset, indicating that the onset does not change the word’s 

rhythmic pattern. The consonant omission is thus available to simplify the 

production of initial clusters and was used by most of the children at 3;6 in this 

study. Again, the explanation for the word-initial omissions may lie in a preference 

for rhythmic patterns (Torvelainen, 2007) or the geminate-pull effect, which shifts 

the child’s attention to the middle of the word (Vihman, 2010). The difference in 

how the pronunciation is eased with an omission in word-medial versus word-

initial consonant clusters seems a typical and prominent feature of Finnish 

children’s phonological development at 3;6.  

Phonological skills differed statistically in the group where mothers had a 

university-level education from the group where the maternal education level was 

lower. It is possible that well-educated mothers provide good-quality interactions 

and language environments (Hoff-Ginsberg, 1994), boosting their children’s 

phonological skills. However, the effect was diminished when it was added to the 

regression model, and stayed well below the significance level.   

6.1.2 Associations between phonological skills and lexical skills, 

auditory word recognition ability, and early pre-reading skills 

Phonological and lexical skills 

The average expressive lexicon size at 2;0 in the current study (271 words) is well 

in line with the previous findings (Bleses et al., 2008; Fenson et al., 2007; 

Korpilahti et al., 2016; Stolt et al., 2008). Lexical ability at 3;6 also shows similar 

trends to those previously reported in Finnish (Loukusa, 2007). In this study, the 

mean in BNT was 22.5 words, and Loukusa (2007) reported the average for three-

year-olds (mean age 3;5) as 18 words, and for four-year-olds (mean age 4;6), it was 

29 words.  

In previous studies, children’s phonological and lexical skills have been shown 

to be significantly correlated, especially in early development (e.g., Kunnari et al., 

2006; Stoel-Gammon, 2011; Storkel & Morrisette, 2002). The current study is in 

line with the previous findings by showing connections between early expressive 



66 

lexicon size and later phonological development in late talkers (Bortolini & 

Leonard, 2000; Fletcher et al., 2004; Hawa & Spanoudis, 2014; Hong et al., 2018; 

Lyytinen et al., 2005; Preston et al., 2010; Rescorla, 2005; Rescorla et al., 2000; 

Rice et al., 2008). The early expressive lexicon size at 2;0 explained more than 20% 

of the variation even when measured one and a half years later in this representative 

sample. As Metsala and Walley (1998) hypothesized, a growing lexicon supports 

the finetuning of phonological representations in the mental lexicon and may lead 

to better pronunciation. The expanding lexicon pushes children to create 

differences between words in both recognition and pronunciation (Redford, 2019). 

Children who have advanced lexical skills early in their lives may develop robust 

phonological skills earlier than children with more modest lexicon sizes. This result 

can be interpreted as supporting the multi-representational approach to 

phonological development (Munson et al., 2011). 

Some support for the bi-directional model, in which phonological properties 

and lexical development influence each other (Storkel & Morrisette, 2002), can be 

found based on the current data. Phonological skills were significantly correlated 

with concurrent lexical ability (BNT) in this study, indicating that children with 

good phonological skills also had a good concurrent lexical ability. This is in line 

with the previous findings of various phonological skills associated with lexical 

skills during the systematic phonological period (Edwards et al., 2004; MacRae, 

2013; Macrae & Sosa, 2015; Munson et al., 2011). However, phonological skills 

(intra-word consistency) have not always been reported to be associated with 

lexical skills (Martikainen et al., 2019). The contrasting finding may have resulted 

from the simple phonology in the target language (Finnish) and the research setting.  

In the current study, the concurrent lexicon explained less (10%) of the 

variation in phonological skills when background factors were taken into account. 

However, the respective value for early lexical development was 21%. This 

difference is somewhat surprising. It is possible that early lexical skills have an 

enduring effect on phonological development. Early lexical development may 

reflect their simultaneous phonological development as previously shown (Kunnari 

et al., 2006) and influence the phonological representations to such a level that the 

effect is still evident when children’s phoneme paradigms are almost complete. 

However, the reason for the lower explanation rate of concurrent lexical skills may 

be due to differences in assessment methods. The FinCDI has a large variation in 

results (10–528), instead the BNT shows a smaller discrepancy (10–35).  
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Phonological skills and auditory word recognition 

The connection between phonological and auditory skills has been shown 

especially in the SSD population (Hearnshaw et al., 2019), but some results are also 

reported from typically developing children (Eilers et al., 1976; Ohberg, 2006). The 

current results add to the growing body of evidence on the connection between 

phonological and auditory skills at 3;6, now in a representative sample. Whether 

the perception abilities contribute to speech accuracy (Rvachew, 2006, 2007), or 

the practice of speaking supports the development of speech perception (Diehl et 

al., 2004; Fowler, 2013; Vihman, 2002), in light of the current results, it seems that 

children may have difficulties with the same sounds in both production and 

auditory recognition. The phoneme /r/ was difficult for children to pronounce, and 

it also caused much confusion in word recognition. The level of recognition 

challenges and confusions the phoneme /r/ created cannot be fully explained with 

the phoneme’s acoustical features. For example, words with the phoneme /h/, which 

carries very little acoustic energy, were easier for children to recognize than words 

including /r/. The difficulties in recognizing words with the phoneme /r/ may reflect 

the accuracy of the sound’s phonological representation. This is in line with 

Brosseau-Lapré et al.’s (2020) result, which indicated that children may recognize 

an early developing sound (like /h/ in Finnish) more accurately than a late-

developing one (like /r/ in Finnish). 

Children often confused words where the distinctive phonemes were /r/ and /l/ 

(e.g., [nɑurɑ – nɑulɑ], “laugh – a nail”). The phoneme /l/ was also the most typical 

substituting sound for /r/ in this study. It seems that the children’s phonological 

representation of the /r/ may have been less accurate than the representations of the 

the sounds which’s production they had already mastered. Children who cannot 

pronounce the apical trill /r/ yet also lack a motoric scheme (Redford, 2019) or 

articulatory representation (Munson et al., 2011) of the phoneme /r/. Since the 

auditory and articulatory representations interact (Redford, 2019), phonological 

representations may also remain less accurate and also lead to confusion in 

recognition. This phenomenon would also explain why children may sometimes 

overgeneralize a newly acquired phoneme to its substitution phoneme (Savinainen-

Makkonen & Kunnari, 2004). Of course, a child could have covert contrasts of a 

phoneme and thus have covert knowledge of it (Tyler et al., 1990). When the child 

acquires the target phoneme, s/he on one hand creates an articulatory representation 

of the target. On the other hand, s/he may need to finetune the phonological 

representation of the substituting sound to account for only the substituting 
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phoneme with its allophones. This idea arises from the multi-representational 

approach to phonological development (Munson et al., 2005). 

The familiarity of a word may have affected word recognition in the AWRT at 

least in words differing in phoneme length (i.e., quantity distinction). If children 

were unsure what they heard, they seemed to pick the more familiar word option 

(e.g., [kisːɑ] “a cat”) instead of a less familiar one (e.g., [kisɑ] “a race”). However, 

when the words had a phoneme distinction (instead of a quantity distinction) 

children seemed instead to recognize words based on the consonants, because some 

of the best-recognized words were not the most common ones (e.g., [sɑhɑ] “a saw” 

100%, [pɑtɑ] “a pot/cauldron” 98%). Words’ phonological features may therefore 

overrule familiarity in auditory recognition when children listen to consonant 

distinction (not the quantity of the consonant), especially if the consonant is noise-

resistant. For example, words with the phoneme /s/ were well recognized, even 

though they were still not the most common in a child’s vocabulary (e.g., [sɑhɑ] “a 

saw” 100%, and [siːli] “a hedgehog” 98%). This is in line with previous findings 

of the good noise resistance of consonants with an acoustic energy above 4,000Hz 

that are therefore not concealed by the background babble noise (Meyer et al., 2013; 

Moreno-Torres et al., 2017; Phatak & Allen, 2007). Children’s tendency to have 

difficulties in recognizing labial stops (Nishi et al., 2010) was also noted in these 

data, because /p/ was less well recognized than /k/, another stop consonant, or even 

/h/, a phoneme that is easily concealed by noise. Furthermore, the place or manner 

of articulation may have contributed to word confusion (e.g., place: [nɑpːi – nɑkːi] 

“a button – a hotdog”; manner: [nɑurɑ – nɑulɑ] “laugh – a nail”), as has been the 

case in previous studies (Benkí, 2003; Christiansen & Greenberg, 2012; Leibold & 

Buss, 2013; Meyer et al., 2013; Phatak & Allen, 2007). However, there are also 

other possible explanations for the confusion. For example, the word [nɑurɑ] (laugh) 

is the imperative form of the action word [nɑurɑː], which may have posed a 

challenge to children’s recognition, even though children pointed at the picture of 

“laugh” for the picture of “ribbon” much more often than they pointed at “ribbon” 

for “laugh.” Furthermore, the words [nɑurɑ] “laugh” and [nɑulɑ] “a nail” were 

confused approximately as many times both ways. 

Word recognition rates in the AWRT varied across word structures. Words with 

the syllable structure CVV.CV (e.g., [nɑuhɑ] “a ribbon” and [hiːri] “a mouse”) were 

less well recognized than words with the syllable structure CV.CV (e.g., [rɑhɑ] 

“money”) or CVC.CV (e.g., [nɑpːi] “a button”). This may be due to a technical 

issue. The signal-to-noise level was set to 13dB using the main energy of each word 

set. When the word set contained more vowels, its main energy level may have 
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been lower than the set with fewer vowels, leading the words to “sink” more in 

babble noise. However, it is also possible that the long vowel or diphthong attracted 

the child’s attention to the word’s rhythmic pattern, and the child used the rhythm 

as an important recognition cue, thus paying less attention to the consonants. The 

recognition of the rhythmic pattern was targeted in one of the AWRT picture boards, 

which contained four pairs of words differing by phoneme length. Here, the most 

difficult pair was [uni–uːni] (“a dream – an oven”). Children had difficulties 

recognizing a word without an onset consonant in the babble noise, i.e., the initial 

vowel was well concealed by the babble. Children also seemed to rely more on 

word familiarity, as previously discussed in this chapter. 

The task of detecting mispronunciation (SAILS; Rvachew, 2014) or assessing 

speech perception thresholds (Nilsson et al., 1994) may have given a more 

comprehensive picture of children’s auditory recognition of phonemes and better 

control over stimuli. However, these tasks were considered too difficult for children 

at 3;6. Although the AWRT was unable to give a full picture of children’s consonant 

recognition and confusion patterns, it seemed to work well as a general measure of 

auditory word recognition. The mean of recognized words (78%) was less than it 

would have been in a quiet environment (Leibold et al., 2016), so the multi-talker 

babble noise seemed to challenge children’s auditory recognition, and the ceiling 

effect was avoided (Vance & Martindale, 2012). Furthermore, the AWRT results 

were not significantly correlated with the BNT results in the present study, 

indicating that it may not have challenged children’s lexical skills but rather 

measured the auditory recognition of words as intended. The consonant recognition 

patterns in words were also comparable to those previously reported (Benkí, 2003; 

Christiansen & Greenberg, 2012; Leibold & Buss, 2013; Meyer et al., 2013; 

Moreno-Torres et al., 2017; S. Phatak & Allen, 2007). 

Phonological and very early pre-reading skills 

The phonological skills were significantly and moderately correlated with pre-

reading skills (LUKIVA index) in the current study. This is in line with previous 

findings, in which phonological skills have been noted to be correlated with various 

simultaneous pre-reading skills in children with SSD at 5;0 and up (Cabbage et al., 

2018; Sutherland & Gillon, 2007; Eadie et al., 2015; Rvachew et al., 2003), and in 

longitudinal studies (de Jong & Olson, 2004; Justice et al., 2006; Molfese et al., 

2006; Torppa et al., 2006). The current results are an interesting addition to previous 

findings, because now the evidence is from younger, typically developing children 
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at an age when both phonological skills and pre-reading skills are developing at the 

same time. Although pre-reading skills are often measured later in childhood, just 

before school starts, they begin to emerge already at the age of three (e.g., Worden 

& Boettcher, 1990; Puolakanaho et al., 2007). The early measurement of pre-

reading skills gives caregivers more time to implement early interventions 

whenever extra support is needed. 

The stronger phonological skills seemed to support the development of letter-

naming skills in the current study. Letter naming has been noted to be a very good 

pre-reading measure (Hjetland et al., 2017; Piasta & Wagner, 2010; Puolakanaho 

et al., 2007), and it may start to develop earlier than phonological awareness, and 

develops strongly already between the ages of 3;0 and 4;0 (Worden & Boettcher, 

1990). In the current study, the high variability of skills may have been reflected in 

the strong development of the skill at this age. Some children already named all the 

letters, while many did not even know their first name’s initial letter yet. The 

average number of letters named (4.4) was roughly in line with previous studies 

(Lyytinen et al., 2004; Worden & Boettcher, 1990). Both phonological skills and 

letter-naming ability may be mediated through the accuracy of phonological 

representations. However, phonological and letter-naming skills do not appear to 

be completely sequential but overlap since the letter-naming skill already seems to 

start developing during the period of systematic phonological development. This 

gives plenty of time for educators to teach one of the most important pre-reading 

skills before reading instruction starts. 

In the current study, RAN was not significantly correlated with phonological 

skills or other measures, not even with letter-naming skills. However, in previous 

studies, RAN has been shown to predict reading skills well (Araújo et al., 2015; 

Georgiou et al., 2016; Norton & Wolf, 2012). The contradictory result may be due 

to the age of the children in the current study. Fast development in RAN has been 

reported to take place between the ages of 4;0 and 6;0 (Åvall et al., 2019). 

Children’s performance in RAN also stays relatively stable from 4;0 onwards 

(Åvall et al., 2019). However, in the current study, the RAN task still seemed very 

challenging for children at 3;6, even though it has previously been used 

successfully in children at this age (Puolakanaho et al., 2007). It may be that rapid 

naming ability is just emerging at this age. It is possible that children’s focusing 

skills or perseverance on an unfamiliar task are not yet developed, and this may 

have influenced the present results. However, it is possible that when the RAN is 

combined with other measures as it is in LUKIVA, it provides a good prediction 

level for literacy skills with other measures, even though it does not seem to be an 



71 

easy or relevant task for children at 3;6 or associated with other skills at the same 

age. However, this did not contradict the overall LUKIVA results, because the 

LUKIVA index, which includes RAN, and letter naming provided equal 

associations with phonological skills and other measures. 

Summary of associations 

In the current dissertation, the phonological skills seemed to be the central ability 

connecting all the measured areas: lexicon; auditory word recognition; and pre-

reading skills. This finding may be explained by the accuracy of phonological 

representations. As suggested in the multi-representational model, acoustic-

phonetic, articulatory, phonological, and lexical representations interact (Edwards 

et al., 2004; Munson et al., 2011). Here, the auditory word recognition may reflect 

mostly acoustic-phonetic and phonological representations, the phonological skills 

may mirror articulatory and phonological representations, an further, the lexical 

and letter naming skills may be connected with semantic and phonological 

representations. When the underlying levels of representations interact, all the 

surface skills may be influenced, and significant correlations may therefore be 

found. Should a child have difficulties in phonological development, s/he might 

benefit not only from the intervention of speech; targeting the accuracy of 

underlying representations may also be beneficial. Overall, the children’s 

phonological development may be supported, at least to some extent, through 

lexical growth, providing good quality auditory input, and by paying attention to 

the everyday listening conditions. Furthermore, accurate phonological and 

semantic representations may also positively influence the development of pre-

reading skills. 

Paradigmatic and phonotactic skills had mostly comparable associations with 

lexicon, auditory word recognition, and pre-reading skills. In some cases, it seemed 

that phonotactic skills had stronger connections with the variables than the 

paradigmatic skills. In a full-fledged quantity language like Finnish, phonotactic 

skills are very important, because the length of the phoneme changes both the 

syllable structure and the word meaning. Only a highly language-specific 

assessment method can reveal these connections. It seems that in Finnish, both 

paradigmatic and phonotactic skills can be used to comparably measure 

phonological development. Together, paradigmatic and phonotactic skills provide 

a comprehensive picture of phonological skills. 



72 

6.2 Strengths, limitations, and future directions  

The strength of this dissertation is that it provides information about children’s 

phonological skills at a late stage of the period of systematic phonology from a 

representative group of children in an understudied language, Finnish, using 

language-specific measurements. Studies of Finnish speech development are a 

valuable addition to the international literature, because Finnish is one of the rare 

languages where the culture is European/Western, but the language does not belong 

to the Indo-European language family. The importance of phonotactics in 

phonological development, reflecting Finnish as a full-fledged quantity language, 

illuminates the need for language-specific analysis. In the current study, the 

phonological assessment method, FPT (Kunnari et al., 2012) is the first Finnish 

specific assessment method to provide information from both paradigmatic and 

phonotactic areas. The use of language-specific methods strengthens the results. 

Since the FPT is a relatively new assessment method, a very limited number of 

studies is yet to utilize it (Martikainen, 2021). However, typically developing 

children’s phonological skills are already well developed at 3;6 (Saaristo-Helin, 

2009), so an addition of a non-word repetition task (see e.g., Edwards et al., 2004; 

Munson et al., 2011) would have further strengthened the picture of phonological 

skills. Combined with FPT results, it may have provided even more variation in 

results. Videotaping and transcribing the utterances would also have provided more 

information about the substitutions and possible covert contrasts (Tyler et al., 1990).  

The present results also provide information about the connections between 

different skills (phonology, lexicon, auditory word recognition, and pre-reading) 

not studied previously in Finnish. Comparing different language-related skills 

provides an opportunity to reflect on them through a theoretical approach of 

multiple representations (Edwards et al., 2004; Munson et al., 2011), but also gives 

tools for SLP practice that can be seen as a strength. However, the assessment of 

phonological skills at 2;0 as well would have strengthened the analysis and results. 

Unfortunately, that was impossible in the current study using the same method, the 

FPT, because it was published in the same year as the data gathering had already 

started. A further strength is that the lexical skills were assessed using well-

established methods, MCDI (Fenson et al., 2007) and BNT (Kaplan et al., 1983), 

both translated and adapted to Finnish (Lyytinen 1999; Laine et al., 1997) and used 

with Finnish-speaking child participants (Stolt et al., 2008, 2009; Lyytinen et al., 

2004; Loukusa, 2007).  
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The lack of a standardized auditory word recognition assessment is a limitation. 

However, the task created for this study provided sufficient information, as 

discussed above. In future, based on the AWRT, an auditory word recognition 

assessment could be created for Finnish. The AWRT may need modifications before 

the collection of a normative sample can be undertaken. For example, adding a 

guiding sentence before each word might increase the child’s focus (e.g., Show me 

the … “target word”). Adding a part where especially older or more advanced 

children would also detect mispronunciation (e.g., see SAILS: Rvachew, 2014) 

would provide more information about children’s auditory skills.  

The pre-reading assessment LUKIVA is a language-specific measure 

(Puolakanaho et al., 2011), which strengthens the results. LUKIVA is the only 

Finnish standardized pre-reading assessment for the 3;6 age group. LUKIVA does 

not include phonological awareness, and it was not added as a separate task, which 

is a limitation. Additional phonological awareness tasks may have provided further 

information about pre-reading skills and may have reflected phonological 

representations better than the letter naming or RAN, which are included in 

LUKIVA. However, the children were very young (3;6), and creating a suitable 

phonological awareness task for the age group would have been challenging. 

Furthermore, the letter-naming skill may develop earlier than phonological 

awareness (Worden & Boettcher, 1990).  

The number of participants (n=67) was adequate for correlation analyses and 

generalizations for the population, but limited the number of variables in regression 

analyses. The participants reflect the population well, because the prevalence of 

speech disorders has been reported to be 1.3% (Keating et al., 2001). In the current 

sample, one child had difficulties in phonological development and was followed 

by SLP, thus corresponding to 1.5% of the group. The possibility of reaching a 

representative sample of families was high, because the families were invited to 

join the study by nurses in the Baby Health Care clinics. The public Baby Health 

Clinics reach 99.7% of mothers and their newborn babies in Finland (THL, 2019). 

Furthermore, the parental education level was high but typical for Finnish society 

(Statistics Finland, 2019).  

6.3 Clinical implications  

These results provided detailed information about Finnish children’s phonological 

development at 3;6 that can be used as a reference for children’s phonological 

development in clinical practice. In typically developing Finnish children’s fourth 
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year of life, phonological development may be faster during the first half of the 

year based on the comparison of current results and the FPT norming sample. At 

3;6, phonological development may already resemble more children at 4;0 than 3;0. 

Even though many children are still in the period of systematic phonology, their 

phonological skills are already well developed. In addition to the FPT norms for 

3;0–3;11, percentile distribution is now also provided for 3;6. Information about 

typical development is vital for the SLPs. Without knowledge of typical 

development, it is very difficult to determine the SSD, level of support, goalsetting, 

and criterion for discharging. This information is required for each language 

separately, because each language has its specific phonological features that affect 

children’s phonological acquisition.  

The reliability and validity of clinical assessment methods also increase when 

they are used in scientific studies. The data from this research provide extra 

information about both the assessment method developers and for clinical use. The 

developers can utilize the research data to improve the assessment method for the 

next edition, and clinicians can find additional information about how to interpret 

the results of assessment methods. Comparisons of the results of one assessment 

method with other measures and the background factors further support the 

reliability of assessments. In a clinical setting, assessing skills that may affect each 

other may also provide information about the main reason for the surface form and 

aid in interpreting results and goalsetting.  

 Should a child have SSD, based on the current results, it could be suggested 

that the multiple representation levels connected with the target phoneme should 

be taken into account. For example, an SLP could practice targeted auditory 

bombardment of the target phoneme(s) to strengthen the auditory-acoustic 

representation, because some children may have more difficulties with auditorily 

recognizing the sounds that are not included in their phoneme inventory yet. When 

a child’s auditory-acoustic representation of the phoneme is well-formed, the 

possibility for her/him to acquire the sound soon is increased (Rvachew & 

Brosseau-Lapré, 2018). For example, phonological representations could be 

supported with a minimal pair approach or lexical tasks in which the target sound 

is repeated in varying word structures. The articulatory representations may be 

supported by articulatory training of the target phoneme. Furthermore, supporting 

lexical development may lead to better phonological skills and vice versa. These 

intervention methods are widely used, but acknowledging the theoretical 

background may further improve balance in the intervention. 
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Children’s everyday sound environment may affect their phonological 

development, because background noise may hinder the development of acoustic-

phonetic representations (Rvachew & Brosseau-Lapré, 2018). Children should 

therefore have access to good quality speech input, and background noise levels in 

day care settings should be monitored. A sufficient signal-to-noise ratio and 

audibility of all phonemes can be further supported with classroom FM systems.  

Children already start to learn letter names before their phonological skills are 

fully developed. Being able to name letters is a powerful pre-reading skill (Hjetland 

et al., 2017; Piasta & Wagner, 2010; Puolakanaho et al., 2007), and letter names 

can be introduced early. A good start may be the letters of the child’s name, because 

they may have more ownership of and interest in these letters (Phillips et al., 2012). 

It may be beneficial for the SLPs to advocate letter naming for all children at home 

and in daycare settings already when the children are still learning their 

phonological skills. 

6.4 Conclusions 

Phonological development has features that are common in different languages, but 

language-specific development can also be observed. The current dissertation 

provided information about the phonological skills of children acquiring Finnish at 

3;6. Children’s phonological skills were observed to be generally in line with the 

previous results from Finnish and other languages. At 3;6, the children had 

mastered the production of an average of 12 of 13 indigenous consonants and all 

the vowels. However, challenges were still noted in the skills to combine phonemes 

in consonant clusters, especially in word-initial position. Language-specific 

features include late acquisition of the phoneme /d/, children’s slight preference to 

acquire consonants in word-medial position rather than word-initial, and the 

extreme rareness of word-medial consonant omissions. The language-specific 

features in phonological development may arise from the phonological structure of 

Finnish as a full-fledged quantity language. The word-medial geminate consonants 

could attract the child’s attention to the rhythmic pattern of the words. 

Phonological skills were correlated with early expressive lexicon size and 

lexical skills at 3;6, as well as auditory word recognition in babble noise and pre-

reading skills at 3;6. Phonological skills seemed to be a key factor connecting these 

skills. This may be because of the accuracy of phonological representations. It may 

also reflect the interaction of multiple representations in the mental lexicon. The 

early expressive lexicon size predicted phonological skills stronger than concurrent 
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lexical skills or auditory word recognition. It is possible that early lexical 

development has a long-lasting impact on phonological skills, as well as on the 

many layers of representations. 

The role of phonological representations may also explain some of the 

observed error patterns in auditory word recognition. Children tended to confuse 

words that differed in the phonemes /r/ and /l/. The production of the phoneme /r/ 

was mastered by approximately one third of the children and was most often 

substituted by the phoneme /l/. Otherwise, the familiarity of the word and noise 

resistance level of consonants seemed to affect auditory word recognition. 

Phonological skills were significantly correlated with pre-reading skills. The 

association was mainly influenced by letter-naming ability. Although better 

phonological skills indicated better letter-naming ability, phonological and letter-

naming development seem to overlap rather than being sequential.  
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Appendix 1. Percentile distribution for phonotactic skills in Finnish 

Phonology Test (FPT) for children at 3;6. 

raw score  percentile  raw score percentile 
0-72 <1 106 33 
73-84 1 107 35 
85 2 108 41 
86 3 109 50 
87 4 110 61 
88 6 111 67 
89  112 74 
90 7 113 77 
91 8 114 78 
92 10 115 79 
93 11 116  
94 12 117 80 
95 13 118  
96 15 119  
97 16 120 81 
98 18 121  
99 22 122 82 
100 23 123 83 
101  124 85 
102 25 125 89 
103 26 126 92 
104 28 127 98 
105 29   
percentile 2 = ~ -2 SD 
percentile 8 = -1.5 SD 
percentile 16 = -1SD 
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Appendix 2. The pictures of AWRT 
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