JYVASKYLA STUDIES IN HUMANITIES
205

Riitta Pennala

Perception and Learning
of Finnish Quantity

Study in Children with Reading Disabilities
and Familial Risk for Dyslexia and
Russian Second-Language Learners

¢
|

JYVASKYLAN YLIOPISTO



JYVASKYLA STUDIES IN HUMANITIES 205

Riitta Pennala

Perception and Learning
of Finnish Quantity

Study in Children with Reading Disabilities
and Familial Risk for Dyslexia and
Russian Second-Language Learners

Esitetddn Jyvéaskyldn yliopiston humanistisen tiedekunnan suostumuksella
julkisesti tarkastettavaksi yliopiston vanhassa juhlasalissa 5212
kesdkuun 8. pédiviana 2013 kello 12.

Academic dissertation to be publicly discussed, by permission of

the Faculty of Humanities of the University of Jyviskyls,
in Auditorium S212, on June 8, 2013 at 12 o’clock noon.

o

UNIVERSITY OF H JYVASKYLA

JYVASKYLA 2013



Perception and Learning
of Finnish Quantity

Study in Children with Reading Disabilities
and Familial Risk for Dyslexia and
Russian Second-Language Learners



JYVASKYLA STUDIES IN HUMANITIES 205

Riitta Pennala

Perception and Learning
of Finnish Quantity

Study in Children with Reading Disabilities
and Familial Risk for Dyslexia and
Russian Second-Language Learners

o

UNIVERSITY OF H JYVASKYLA

JYVASKYLA 2013



Editors

Maisa Martin

Department of Languages, University of Jyvaskylad
Pekka Olsbo, Sini Tuikka

Publishing Unit, University Library of Jyvaskyla

Jyviaskyla Studies in Humanities
Editorial Board

Editor in Chief Heikki Hanka, Department of Art and Culture Studies, University of Jyvaskyla
Petri Karonen, Department of History and Ethnology, University of Jyvaskylad

Paula Kalaja, Department of Languages, University of Jyvaskylad

Petri Toiviainen, Department of Music, University of Jyvaskyld

Tarja Nikula, Centre for Applied Language Studies, University of Jyvéaskyla

Raimo Salokangas, Department of Communication, University of Jyvaskyla

URN:ISBN:978-951-39-5222-8
ISBN 978-951-39-5222-8 (PDF)

ISBN 978-951-39-5221-1(nid.)
ISSN 1459-4323 (nid.), 1459-4331 (PDF)

Copyright © 2013, by University of Jyvéaskyla

Jyvidskyld University Printing House, Jyvaskyld 2013



ABSTRACT

Pennala, Riitta

Perception and Learning of Finnish Quantity
Study in Children with Reading Disabilities and Familial Risk for Dyslexia and
Russian Second-Language Learners

Jyvéaskyla: University of Jyvaskyld, 2013, 109 p.
(Jyvaskyld Studies in Humanities

ISSN 1459-4323 (nid.), 1459-4331 (PDF); 205)
ISBN 978-951-39-5221-1 (nid.)

ISBN 978-951-39-5222-8 (PDF)

English summary

Diss.

Previous studies have shown that accurate learning of phonological quantity in Finnish
is difficult for Finnish infants who are at risk for dyslexia and for Russian second-
language (L2) learners of Finnish. Quantity opposition has different phonological and
phonetic constraints in Finnish and Russian. This study investigated the perception
and learning of phonemic length by these different learner groups. The study revealed
that Finnish children developed in their ability to discriminate phonemic length from
grade 1 to grade 3. The children at risk for dyslexia and with reading disabilities
differed from the control group in discrimination ability in the 2nd and 3rd grades.
Discrimination ability contributed to reading accuracy in the 34 grade and to spelling
accuracy in the 2nd and 34 grades beyond the traditional markers of dyslexia at school
age. The at-risk children with reading disabilities and with phonemic length
discrimination ability problems were poorer in reading and in spelling accuracy,
especially in the spelling of quantity in the 2nd grade compared to the at-risk children
with reading disabilities and without discrimination ability problems, and typical
readers. Also, the problems in early risk factors accumulated in the at-risk group.
Discrimination ability problems explained spelling accuracy over the accumulation of
early risk factors among the at-risk children with reading disabilities. Discrimination
ability was not connected to reading fluency. Two- and three-syllable word/pseudo-
word final vowel quantity degree training was more difficult for a native 1st grade
child with reading disabilities than for the 1st grade Russian L2 learner of Finnish.
Quantity degree accuracy scores for two-syllable words were lowest in the L2 learners,
and the training effects with words including quantity were generalized to pseudo-
words. Training effects generalized to items used in the identification test in two L2
learners. Difficulty in accurate perception of phonemic length is a risk for dyslexia
along with other well-known risks, and it may be more difficult to remediate with
Finnish school-age children with reading disabilities than L2 learners. Individual
differences should be considered when planning training paradigms with phonemic
length.

Keywords: quantity, phonemic length, Finnish, Russian, dyslexia, second-language
learning, speech perception
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KIITOKSET

Pitkd taival véitoskirjatyon parissa on vihdoin padttymdasséd, ja on aika kiittdd
niitd tahoja, jotka ovat olleet edesauttamassa tdmén tyon valmistumisessa. Tér-
keimmét kiitokset kuuluvat ensinndkin esitarkastajalleni ja vastaviittdjdlleni,
professori Sari Kunnarille ja toiselle esitarkastajilleni, professori Matti Laineelle.
Kiitos teille siitd, ettd olette omistaneet aikaanne tdimén tyon lapikdymiseen.

Suuret kiitokset menevit myos padohjaajalleni, professori Maisa Martinille.
Yhteisten rakentavien keskustelujemme kautta tyoni on aina nytkdhtanyt
eteenpdin, ja olen saanut niistd uusia virikkeitd kirjoittamiseen. Professori Mar-
tin on toiminut myos selkdrankanani silloin, kun tyossd on ollut vastassa liian
monta valittavaa tienhaaraa. Kiitin myos emeritus-professori Matti Leiwoa,
joka oli tyon péddohjaajana sen alkuvaiheessa. Hanen kauttaan sain myos en-
simmdisen kerran kuulla psykologian laitoksen dysleksia-tutkimusprojektista.
Erityisesti haluan kiittdd tyoni toista ohjaajaa, professori Heikki Lyytistd, joka
esitteli minulle viitoskirja-aiheeni idean ja antoi minulle mahdollisuuden tehda
tatd haastavaa, poikkitieteellistd tutkimustyotd. Haluan kiittdd héntd idearik-
kaista keskusteluista ja uusien nikokulmien esille nostamisesta tyon eri vaiheis-
sa. Erityisesti haluan kiittdd professori Lyytistd tuesta niind hetking, kun etene-
minen tuntui toivottomalta, etenkin tyon alkutaipaleella. Haluan kiittdd myos
tohtori Sari Ylistd, joka tyoni kolmantena ohjaajana antoi pitkin matkaa asian-
tuntevia neuvoja ja kannustavia kommentteja. On ollut kunnia saada yksi oh-
jaaja oman kotiyliopiston ulkopuolelta niinkin merkittdvalta taholta kuin Hel-
singin yliopiston Kognitiivisen aivotutkimuksen yksikosta (CBRU). Kiitokset
menevidt myos professori Ulla Richardsonille, jonka viitoskirjatyo ja ura ovat
toimineet esikuvinani, ja jonka jalanjéljissd olen saanut kulkea LKK-projektissa.
Kiitdn myos kaikista asiantuntevista neuvoista ja kommenteista timan matkan
varrella.

Kiitokset tdimdn tyon valmistumisesta kuuluvat kdytinnon tasolla ehkd
eniten Kenneth Eklundille. En paljonkaan erehdy jos mainitsen, ettd ilman ha-
nen pyyteetontd apuaan ja vasymatontd kiinnostusta LKK-aineiston saloja koh-
taan tdma tyo ei koskaan olisi tullut valmiiksi. Haluan kiittdd myos tohtori Jar-
mo Hamaldists, joka auttoi minua erityisesti ensimmadisen artikkelin kiemurois-
sa silloin, kun apua eniten tarvitsin. Haluan kiittdd myos psykologian tohtori
Paula Salmea siitd, ettd hdn aikoinaan pyysi minua LKK-projektiin mukaan &a-
nittdim&ddn puhedédnid. Sain sitd kautta ensimmadisen virikkeen ldhted projektiin
mukaan. Kiitdn my6s professori Paavo Leppistd, jonka ansiosta sain merkitta-
vdd tyokokemusta ollessani mukana Tempo-kuntoutusprojektissa. Kiitokset
menevat myos Ville Monkkoselle, joka jaksoi neuvoa minua pelin sisdllon kie-
muroissa, sekd Anne Monkkoselle, joka antoi testimateriaalia kayttooni. Kiitan
myo6s Miika Pekkarista avusta pelilokitiedostojen kanssa, Kirsi Hannukkalaa
tutkimusavustajana toimimisesta &ditiyslomani aikana seka Kirsti Eklundia, jon-
ka kanssa saatoin keskustella asiasta kuin asiasta, ja joka auttoi minua nauhoit-
tamieni ddnten laadun arvioinnissa. Kiitin myds koko LKK-projektin viked,
jonka kanssa olen saanut keskustella ja jakaa niin asiantuntemusta, iloja kuin



joskus surujakin ndiden vuosien aikana ja vilimatkasta huolimatta. Vdki on
vaihtunut vuosien varrella, mutta huumori ei ole hdvinnyt minnekdan.

Haluan kiittdd valtakunnallista Kielentutkimuksen tutkijakoulu Langnetia,
jonka omarahoitteisena jdsenend sain olla aikavélin 1.1.2007-12.11.2011. Tutki-
jakoulun kautta sain osallistua mielenkiintoisille kursseille, ja sain tutustua kiel-
ten alan jatko-opiskelijoihin ympéari Suomea. Kiitokset kuuluvat myos Jyvasky-
lén yliopiston tilastoneuvonnalle, Psykonetille sekd Jyvéskylan yliopiston vies-
tintdtieteiden laitokselle nauhoitusmahdollisuuksien tarjoamisesta. Kiitin myos
Helsingin opetusvirastoa sekd kaikkia kouluja, opettajia, oppilaita ja vanhempia,
jotka ovat osallistuneet tdhdn tutkimukseen. Kiitokset menevédt myos lehtori
Michael Freemanille yhteenvedon kieliasun tarkistamisesta.

Haluan kiittdad Jyvaskyldn yliopistoa, Niilo Mdki Sddtiotd, Ellen ja Artturi
Nyyssosen sdatiotd sekd Suomen Kulttuurirahaston keskusrahastoa tdmén tyon
rahoittamisesta.

Kiitokset kuuluvat my®os siskolleni Maritalle niistd lukemattomista kes-
kusteluista niin tyostd kuin sen ulkopuolisista asioista ndiden vuosien aikana,
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saista neuvoista, jotka ovat auttaneet tdssd eldmissd ja tyossd eteenpdin. Nditd
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kin hetkelld tdmédn kirjoituksen hengessi mukana. Kiitin myos Méntsa-
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kulkenut Jyvéaskyldan. Henriikkaa haluan kiittdd myos kaikesta tuesta taméan
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1 INTRODUCTION

1.1 The purpose of the study

Finnish is an interesting language, in particular because it includes single and
double vowels and consonants. These features together with differences in the
duration of speech sounds serve as precursors of a phenomenon termed quanti-
ty. This feature is self-evident to most native language users of Finnish. Howev-
er, it is a well-known fact that the exact length of sounds is difficult to perceive,
produce and spell for native children with reading disabilities and with familial
risk for dyslexia, and for foreign and second-language (L2) learners of Finnish.

The difficulty of quantity perception has not previously been compared or
studied for these two distinct learner groups together. This psycholinguistic
dissertation concentrates on the perception and learning of phonemic length by
Finnish children with reading disabilities and with familial risk for dyslexia,
and by Russian second-language learners of Finnish in grades 1-3. The main
focus is on the discrimination and identification of phonemic length in general,
but especially in word-final vowels. The study explores whether the reading
and spelling problems of dyslexic children vary as a function of perceptual ac-
curacy of sound duration, and discusses the relation of the perception of dura-
tion on other cognitive factors underlying dyslexia. It also combines two fields
of speech perception research that have only recently started to share their
views, namely perception of speech sounds and word (pseudo-word/non-word)
recognition. The aim of this study is to bring together two distinct research do-
mains which have an interest in quantity, namely dyslexia research and second-
language acquisition, and to test and further develop existing training methods
for reading-disabled native speakers and Russian-speaking second-language
learners of Finnish.

The dissertation comprises four different studies. The introduction gives
the background and wider theoretical contexts for these studies. The introduc-
tion begins by defining dyslexia and describing the Jyvéskyld Longitudinal
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Study (JLD) of Dyslexia, which provides the basis for the dyslexia study pre-
sented here. Next, bilingualism, second-language learning and the position of
Russian in Finland are introduced, as along with some studies on immigrants
learning the Finnish language. These definitions are important starting points,
as they help to clarify the peculiarities of the groups of interest in the present
study. The term quantity is then defined and discussed in a wider context than
in the publications included in this dissertation, and an overview of the studies
on Finnish phonological quantity is presented. As the present study concen-
trates mainly on the perception of spoken words and pseudo-words (also non-
words), the theoretical background pertaining to speech perception, phonologi-
cal awareness, and isolated word recognition is introduced. After this, the theo-
ries underpinning dyslexia and second-language speech perception are pre-
sented. Finally, the background to intervention studies is introduced. The sub
studies and general discussion constitute the concluding parts of the study.

1.2 Biologically based problem in learning to read and spell: dys-
lexia

121 Defining dyslexia

Children with reading disabilities and with familial risk for dyslexia are the
main focus of this study. Reading proficiency has become increasingly im-
portant for people in everyday and professional life. Unfortunately some peo-
ple never reach a functional level of reading ability and therefore have difficul-
ties accessing written information that for most people is (readily) obtainable.
The negative consequences for educational opportunity, using the Internet,
reading manuals and instructions in everyday life, and having contact with au-
thorities are of course serious personal problems, but it is also a problem for
any democratic society if some citizens cannot share important written infor-
mation. The problem of achieving reading proficiency has been termed dyslexia.
(Gruber 2003: 1.)

Dyslexia is commonly characterized by persistent difficulties with accu-
rate and /or fluent word recognition, decoding, spelling, and problems in read-
ing comprehension, despite normal intellectual functioning, adequate learning
opportunities, and no serious emotional or personality disorders. Dyslexics
have problems in phonological processing and thus in phonological awareness,
grapheme-phoneme correspondences, verbal memory and rapid serial naming.
Approximately 6-17 % of the school age population has dyslexia, the estimate
depending on the criteria applied for the severity of reading problems. Dyslex-
ia is more common in boys. (Snowling 2001: 14, 138; Vellutino, Fletcher, Snowl-
ing & Scanlon 2004: 3-4; Hulme & Snowling 2009: 37-40; Pennington, Peterson
& McGarth 2009: 45, 82, 49-57; Ramus, Masrshall, Rosen & van der Lely, in
press.) Dyslexia is developmental and heritable, and several candidate genes
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linked to dyslexia have been identified. It has been found that a candidate gene
for developmental dyslexia is DYX1C1 (Taipale, Kaminen, Nopola-Hemmi,
Haltia, Myllyluoma, Lyytinen, Muller, Kaaranen, Lindsberg, Hannula-Jouppi &
Kere 2003: 11553). DYX3 has been found to be important for dyslexia suscepti-
bility in many Finnish families (Kaminen, Hannula-Jouppi, Kestild, Lahermo,
Muller, Kaaranen, Myllyluoma, Voutilainen, Lyytinen, Nopola-Hemmi & Kere
2003: 340). In addition, a new candidate gene has been found in chromosome
three (Hannula-Jouppi, Kaminen-Ahola, Taipale, Eklund, Nopola-Hemmi,
Kéaridinen & Kere 2005: €50). The effects of genes on dyslexia are still under
intensive scrutiny.

The terms reading disabilities or poor readers are often used when deal-
ing with dyslexia, and hence the term reading disabilities or reading disabled is
used in this study as well.

Seeking to understand the causes behind the reading and spelling prob-
lems and how to best remediate them occupies a large number of researchers
around the world. The research focus is both in applied areas directed towards
classroom teaching and special education, and in more theoretical areas of basic
research, where the aim is to understand and describe the causes behind and
factors related to dyslexia. (Gruber 2003: 1.) For this dissertation, the theoretical
aspect was addressed in studies one and two, and classroom teaching partly in
studies three and four.

1.2.2 Jyviskyld Longitudinal Study of Dyslexia (JLD)

The data of the first two studies of this dissertation are from the Jyvaskyld Lon-
gitudinal Study of Dyslexia (JLD)L. The JLD has studied the precursors, predic-
tors, and developmental pathways associated with familial developmental dys-
lexia in approximately 200 children from birth to the 9t grade, including chil-
dren with and without a familial risk. From the outset of the JLD, the parents of
the children with familial risk for dyslexia (n = 106) were initially selected from
8,427 parents participating in the first stage of a three-stage process (question-
naire, interview, and cognitive assessment). The initial questionnaire explored
the incidence of reading and spelling problems among prospective parents (ma-
ternity clinic users throughout central Finland) and their relatives. The 190 par-
ents who reported literacy difficulties (personal and/or first-degree relatives)
were followed up with an interview and cognitive assessment. Children were
included in the at-risk group if their parents (n = 106) had an intelligence quo-
tient (IQ) equivalent to or greater than 80 (Ravens B, C, and D Matrices; Raven,
Court & Raven 1992) and obtained z score equivalents of -1.0 or less on tests of
reading fluency, reading accuracy, and spelling accuracy, and in at least two of
eight computer-aided single-word measures: pseudo-word naming, pseudo-
word /word choice, rapid mask word recognition, rapid lexical decision, sylla-

1 The researcher did not participate in the collection of the JLD data used in this study.
Instead, the researcher participated in the data collection of the Tempo project as the
main data collector over one year. The project was part of the JLD project (see
Oksanen 2012).
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ble segmentation, spelling, and oral text reading speed and accuracy. The non-
risk children’s (n = 93) parents had an IQ within a similar range and gave no
report of literacy difficulties in the immediate family (for full details, see Lyyt-
inen, Leinonen, Nikula, Aro & Leiwo 1995; Leinonen, Miiller, Leppédnen, Aro,
Ahonen & Lyytinen 2001). As a result of the test performance and interview,
106 parents were selected to participate in the study, and their children formed
the at-risk group. All the children were native speakers of Finnish.

Altogether four previous dissertation studies of Finnish language pro-
duced in the Department of Languages, University of Jyvaskyld, have utilized
JLD data. (Turunen 2003: 3, 9; Nieminen 2007: 3, 26; Richardson 1998: 1, 96-98,
136-137, 149, 163; Torvelainen 2007: 3, 14; Richardson, Leppénen, Leiwo & Lyy-
tinen 2003: 391-395; Richardson, Kulju, Niemi & Torvelainen 2009.) In these
studies the speech processing skills were studied in 0.5, 1.5, and 2.5 -year-old
children. The findings showed that early signs of dyslexia can be detected in
speech processing both phonologically and morphosyntactically. These precur-
sors were evident in the perception and production of duration, in the prosody
and phonotactics of word production attempts and word structures, and in the
complexity of morphosyntactic features of expressions. The present dissertation
study continues this tradition and in part uses JLD data. The project has also
published a large number of articles on dyslexia. More details and review stud-
ies on the results of the project can be found in the following publications: Lyyt-
inen, Ahonen, Eklund, Guttorm, Laakso, Leinonen, Leppédnen, Lyytinen,
Poikkeus, Puolakanaho, Richardson & Viholainen 2001; Lyytinen, Aro, Eklund,
Erskine, Guttorm, Laakso, Leppénen, Lyytinen, Poikkeus, Richardson & Torppa
2004; Lyytinen, Aro, Holopainen, Leiwo, Lyytinen & Tolvanen 2006; Lyytinen,
Erskine, Ahonen, Aro, Eklund, Guttorm, Hintikka, Himaéldinen, Ketonen,
Laakso, Leppédnen, Lyytinen, Poikkeus, Puolakanaho, Richardson, Salmi, Tol-
vanen, Torppa & Viholainen 2008.

1.3 Bilingual language acquisition

1.3.1 Second-language learning and bilingualism

In addition to native Finnish children with reading disabilities, Russian-
speaking second-language (L2) learners of Finnish are the other main group of
interest in this study. When talking about second-language (L2) learning, it is
important to set the concept in a wider context. A person’s mother tongue (L1)
is a language which is usually learned first and the skills of the language spo-
ken at home are the best. It is also a tool of thinking and conceptualizing the
surrounding world, and it develops the speaker’s identity. It may also be a gen-
eral language of a family, area or country. Because of the ambiguity and ambiv-
alent nature of the concept, many researchers use the term first language in-
stead of mother tongue. (Lehtinen 2002: 22-23; Toivainen 1994: 55.) A first lan-
guage is a language which is acquired first in natural contact with the environ-
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ment, mostly with one’s parents. A child can have several first languages if
child’s parents speak different languages, and the child acquires the languages
simultaneously. (de Houwer 2009: 14, 98, 99; Martin 2003: 76; Sajavaara 1999:
73-75.) As opposed to a first language, L2 is acquired later in life after L1. The
term foreign language refers to the learning of novel language in school in for-
mal education (Ellis 1994, 11-12; Martin 2003: 76).

Second-language learning is linked to the concept of bilingualism (or mul-
tilingualism). Bilingualism is quite a common phenomenon in the world (Baker
2007: 106; Peltola 2010: 162). There are also long traditions of bilingualism in
Finland, Switzerland and Canada (Silvén 2010: 143). The identification of bilin-
gualism is not so clear, however (Peltola 2010: 162). Bilingualism (as well as
multilingualism) may be an individual characteristic or that of a social group,
community, region or country (Baker 2007: 2). Traditional definitions differenti-
ate between simultaneous and successive or sequential bilingualism. The first
means that the two languages are acquired at the same time (exist since birth),
and the latter means that they are acquired sequentially in early childhood. Se-
quential bilingualism is therefore linked to concept of second language acquisi-
tion. (Baker 2007: 120; Hassinen 2002: 22.) Baker (2007: 4) states that elective bi-
linguals are those who choose to learn a language, for example in school, and
circumstantial bilinguals learn another language for everyday life.

In addition to these, several other terms are linked to the concept of bilin-
gualism. One definition points out that the skills in two languages must be
good enough to be able to describe the language user as bilingual (balanced
bilingualism), whereas others think that surviving in daily life with two lan-
guages is enough to consider the user as a bilingual. The main difference be-
tween these definitions is that the former views bilingualism as an acquired
skill, and the latter that the language is mainly learned through teaching. (Pel-
tola, 2010: 162-163.) One definition points out that bilingualism is dependent on
language skills, and not the learning environment itself. The implicit idea of
balanced bilingualism usually means age- and context-appropriate competence
in both languages, but balance may also exist on a low level of competence in
the two languages (Baker 2007: 9). A dominant bilingual refers to a speaker
whose linguistic manifestation in one language is better than in the other (de
Houwer 2009: 47; Peltola 2010: 163). On the other hand, a person may be
semilingual, meaning that he/she does not have sufficient competence in either
language. Incipient bilinguals have one well developed language, while the
other is a developing language. Ascendant bilingualism refers to a developing
second language, and recessive bilingualism means that one language is attrit-
ing. Thus, language ability and language use should be distinguished from one
another. (Baker 2007: 3, 4, 10.) On average, the early language of mono- and bi-
lingual children develops mainly at the same rate (de Houwer 2009: 50).

A second language is usually defined in Finland as a language which is a
main language of the society and of the school system and is different from the
first language of the learners. It is usually learned in the school context or in
everyday life situations in families and society. (Lehtinen 2002: 213; Martin 1999:
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1; Martin 2003: 76; Sajavaara 1999: 75.) Children receive teaching in Finnish as a
second language if their skill in Finnish (or Swedish) is not good enough to al-
low them to be taught together with native Finnish speakers. Teaching of the
mother tongue or first language of a child is also organized in schools if possi-
ble. (Peruskoulun opetussuunnitelman perusteet 2004: 36.)

Languages may differ from each other in, for example, prosody, phonolo-
gy, morphology, and syntax. Silvén states that mono- and bilingual children
receiving teaching in Finnish as a first or second language are at the same stage
in their semantic, phonological, and morphological development. Based on her
results, she argues that only the more complex inflections are more difficult for
bilinguals than for monolinguals. However, the prosody of Finnish is also com-
plex for L2 learners, mainly because of quantity; for example, Russian L2 learn-
ers of Finnish differ from native speakers of Finnish in their perception of vowel
quantity (Nenonen, Shestakova, Alku & Huotilainen 2003: 531, 534; Ylinen,
Shestakova, Alku & Huotilainen 2005: 313).

Assessment of language skills is demanding, and the wide variation in the
language skills of L2 learners of Finnish poses challenges to teachers in schools.
The length of time the L2 learners have lived in Finland varies: some of them
have been born in Finland and some have moved to the country as a child or as
a teenager. The children’s parents do not necessarily speak Finnish at all, alt-
hough one parent may be a native speaker of Finnish. In addition, the L2 learn-
ers may include children who have dropped out of school, possibly because of
war or some other conflict in the home country (refugees), while other children
may have not received any formal schooling at all. (Ikonen 1995: 7.)

The Russian-speaking children in this study were elective and circumstan-
tial bilinguals mainly because of the choices of their parents and because of the
compulsory elementary school system in Finland. One of the children was sim-
ultaneous bilingual with a Finnish-speaking father and a Russian-speaking
mother. Three of the children were successive bilinguals because they had not
learned Finnish systematically from birth. However, their status as bilinguals,
not to mention their precise language skills, was difficult to evaluate accurately,
because we did not know the whole language histories of these children. The
main criterion is that they were defined as second-language learners in their
school environment.

1.3.2 Russian in Finland and studies with immigrants learning Finnish

At the end of 2011, the number of foreign citizens resident in Finland was 183
133 (3.4 per cent) of the Finnish population (5 218 134). Altogether 4 863 351
persons (90.0%) spoke Finnish, 291 219 persons (5.4%) Swedish and 1 870 per-
sons (0.03%) Sami as their native language. Persons with other native language
numbered 244 827 (4.5 per cent) of the population. The largest foreign-language
groups were Russian (58 331 persons), Estonian (33 076 persons), Somali (14 045
persons), English (13 804 persons) and Arabic (11 252 persons). (see “The Popu-
lation of Finland grew most in 20 years”.) Because of the size of the Russian
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population in Finland, it was deemed of interest to study their acquisition of
Finnish as a second language.

Several studies exist on the learning of Finnish by immigrant children.
Lehtinen (2002: 5) studied the development of Finnish as a L2 among 20 immi-
grant children during the first year in school. She discovered that all aspects of
language developed during their 1st grade, but many of the children continued
to have problems in their academic language proficiency at the end of the
school year. The mother-tongue lessons seemed to support their acquisition of
Finnish language skills: the children whose performance in the Finnish lan-
guage was weakest were those who did not have the opportunity to receive
formal teaching in their L1. The first school year also seemed to socialize the
children into greater use of the Finnish language.

One major qualitative study focused on two Vietnamese adults learning
Finnish as a second language and on the repetitions and linguistic modifica-
tions occurring in negotiations of meaning (Suni 2008). A more recent study of
Finnish as a L2 is that by Lehtimaja (2012), who studied how the learning of
Finnish as a second language influences students’ possibilities of participating
in whole-class conversation. (for more detail on studies of Finnish as a second
language, see Martin 2007; Suni 2012.) However, studies on the acquisition of
Finnish quantity by Russian second-language learners of Finnish are very few. I
return to these studies in section 1.4.3.

1.4 Quantity

1.4.1 Defining quantity

The main object of interest of this study, quantity, plays an important role in the
analysis of a variety of phonological and morphological phenomena in several
languages. These include word stress, tone, compensatory lengthening, shorten-
ing processes, minimal word requirements, templatic restrictions, and allomor-
phic selection. In these phenomena, syllables that are short (or light) are usually
distinguished from those that are long (or heavy). In modern studies of phonol-
ogy, the term quantity refers to either segmental duration or syllable weight.
(Davis 2011: 103.) Duration is one of the four? features which function as classi-
ficatory features of languages. The same term duration is used for (both) abso-
lute and perceived duration. (Vainio 2010: 91). Lehtonen (1969: 363) referred to
these terms as objective and subjective quantity. In the case of segmental dura-
tion, quantity differences among segments are said to be phonemic in lan-
guages that contrast a long and short form of a vowel of the same quality and in

2 Other features are pitch, intensity and complexity. Pitch refers to the perceived high-
ness, intensity refers to perceived loudness, and complexity refers to perceived quali-
ty. (Vainio 2010: 91.)
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languages that contrast a geminate versus non-geminate consonant (Davis 2011:
103).

Perceptually, the just noticeable differences in duration are said to be be-
tween 10 and 40 milliseconds. The listener interprets the duration of a particular
sound by relating it to the duration of the word as a whole. The fundamental
frequency of the sound has no effect on the perception of duration?, whereas,
up to a certain level, intensity increases the listener’s capacity for discrimination.
The phonetic formant structure in the case of both long and short quantity de-
grees seems to be the same (Wiik 1965: 52, 120). The suprasegmental nature of
quantity is that the duration of the sound is longer than a single segmental
sound, and the time dimension of the acoustic signal functions simultaneously
on several levels (syllable, word or sentence). Quantity also functions different-
ly on the sentence (tempo) compared to word (quantity) level (Lehiste 1970: 10,
13,17, 41, 51, 53; Ladefoged 2006: 22, 24).

In generative phonology, the major issue concerning quantity has been the
nature of its phonological representation. Chomsky & Halle (1968) used the fea-
ture [tlong] to characterize segmental quantity. However, long segments can
behave like sequences of two segments in certain contexts. Further inalterability
effects were noted whereby long segments seemed to be immune to certain
phonological processes. Such observations motivated an autosegmental repre-
sentation of segmental quantity, in which long vowels and geminates are linked
to two slots in the timing of a prosodic tier while a short vowel or singleton
consonant is linked to one slot. (Davis, 2011: 104.) Hayes (1989) rejected the
segmental nature of the prosodic tier and argued instead for its characterization
as moraic, although the current notion of mora goes back to at least to
Trubetzkoy (1939/1969). A mora is a unit of timing, and each mora takes about
the same time to say (Ladefoged 2006: 245). Hayes stated that compensatory
lengthening involves the loss of a moraic segment without the deletion of the
mora. (Davis 2011: 105.) In Hayes theory, a short vowel is underlyingly mono-
moraic while a long vowel is bimoraic. A geminate is moraic while a short con-
sonant is non-moraic (Davis 2011: 105). Different views have been expressed as
to which phonemes in the syllable are counted as mora, and what kinds of syl-
lables are heavy or light in different languages. The interaction between stress
and heavy and light syllables is also discussed by Davis. (See Davis 2011: 109-
132.)

Pike (1947) introduced the terms stress-timed and syllable-timed as de-
scriptors of the rhythms of languages. He argued that there was a strong ten-
dency in some languages (which he labeled stress-timed languages) for stresses
to appear equally spaced in time, while in other languages (syllable-timed lan-
guages) the tendency was greater for syllables to be equally timed. According to
Lehiste (1970: 40), there are languages where the word as a whole has a certain
duration that tends to remain relatively constant. The duration of segments de-
creases as their number in the word increases.

3 See Jarvikivi et al., 2010 for the effect of pitch movement.
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1.4.2 Finnish phonological quantity

Finnish is a full-fledged, syllable trochee quantity language where feet consist
of two syllables and where the first syllable is metrically strong irrespective of
its weight (and hence, of the number of mora it contains) (Suomi, Toivanen &
Ylitalo 2003: 114, 136). However, in ‘pure’ syllabic trochee languages there are
no distinctions of either syllable quantity (alias syllable weight) or segmental
quantity. But if a syllabic trochee language does have a segmental (especially
vowel) quantity distinction, it should also exhibit a sensitivity to syllable weight
in its assignment of stress (by avoiding stresses on light syllables). Finnish, then,
is exceptional among the syllable trochee languages. (Suomi et al. 2003: 114.)
Despite this, quantity is one of the most important linguistic features of prosody
in Finnish. Other features are tone and intonation. These are structures of dis-
crete categories which are manifested with suprasegmental cues. In other words,
they function as phonemes, affecting the semantics of words and expressions.
Phonetically, quantity refers to the durations of the sounds, and long sounds
are approximately twice as long as short sounds. The durations of the sounds
range between 30-300 milliseconds in normal oral reading. (Vainio 2010: 92, 95.)

Four features have an effect on segmental durations in the Finnish lan-
guage (Lehiste 1970: 42; Suomi & Ylitalo 2003: 37). The most obvious of these is
the separate quantity opposition for vowels and consonants (independently of
word stress). The second factor affecting segment durations is lengthening of
the words’s second mora, if this segment is voiced. Thirdly, word stress is asso-
ciated with the word-initial syllable and with a word-initial two-mora sequence,
so that the main stress is always on the first syllable of the word. (Suomi &
Ylitalo 2003: 37.) After that stress falls on every other syllable, but never on the
last syllable of the word, which is always unstressed. The phonetic nature of
stress is not straightforward in Finnish, owing to the interaction between
stressed and unstressed syllables. Stress functions as a marker of a word
boundary, but this same function is also shared by some other features. (Karls-
son 1982: 150, 165). The fourth factor affecting segmental duration is accentua-
tion: a strong, contrastive accent on a word increases segmental durations with-
in the word by 28 % on average in comparison to a weaker, thematic accent or
lack of accent (Suomi & Ylitalo 2003: 37). In relation to this, livonen (1974: 401;
1974b: 144) has shown that the durations of sounds decrease when the word
length increases.

There are no restrictions in the occurrence of vowel quantity degrees. Con-
trastively short and long vowels can occur before and after both contrastively
short and long consonants, and vice versa, and the same contrasts exist in
stressed and unstressed syllables. The single-double vowel opposition is valid
in any syllable, stressed or unstressed, word initially, internally and finally.
While all vowel phonemes participate in the quantity opposition, for conso-
nants the situation is more complicated. Consonants occur as single and as
double with the exception that the consonants /v/, /j/ and /h/ only occur as
single; /hihhuli/ ‘(religious) fanatic’ is the only exception to this rule. In certain
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dialects these principles are violated, for example in the form /vajaa/ [vajjaa]
“undersized’. Secondly, /d/ is doubled in length only in recent loanwords, e.g.
/addikti/ “addict’. Thus generally there are minimal pairs like /rapu-rappu/ ‘a
crab-a step” and /laki-lakki/ ‘a law-a cap’. Thirdly, in contrast to vowels, there
is no consonant quantity opposition in word initial and final positions; only
single consonants can occur in these positions (if not prohibited by further re-
strictions). Nor is there quantity opposition in consonant sequences, except that
the true obstruents /p/, /t/, /k/ and /s/ can occur as single or double after
nasals and the liquids /1/ and /r/, e.g. /sanka-sankka/, /hirsi-hirssi/, /pelkdi-
pelkkii/. Here as elsewhere, the double obstruents always straddle a syllable
boundary. (Suomi, Toivanen, Ylitalo 2008: 42).

There are altogether three interpretations of Finnish quantity opposition
(Karlsson 1969: 354 - 355; Lehtonen 1970: 30-31). The first is Karlsson’s (1969:
354-355) identity group interpretation or diphonemic interpretation, where con-
trastively long segments are interpreted as sequences of two identical pho-
nemes, i.e. as double vowels and consonants, as against contrastively short or
single ones (see also Wiik 1965: 41-42). The recent study by Eerola, Savela,
Laaksonen & Aaltonen (2012: 315) demonstrates that phoneme prototypes are
not dependent on the phonological quantity opposition, and thus the results
support the identity group interpretation of Finnish quantity opposition. How-
ever, that study was conducted with synthetic vowels and not with natural
speech sounds. In support of the identity group interpretation, in the coding of
double-stop consonant letters phonological syllable segmentation does not nec-
essarily help in the identification of quantity. For example, there are a few ir-
regularities in marking phonemic quantity at the morphological level, for ex-
ample at some word boundaries in sentences, the initial consonant of the suffix
or initial position of the word will cause lengthening of the first consonant of
the following word in its pronunciation /Tulet* tinne/). (Lehtonen 2006: 68;
Lyytinen et al. 2006: 60.)

The second of the alternative interpretations of quantity opposition is that
long segments are considered paradigmatic phonemes in addition to the short
ones, i.e. there would be a phoneme /A/ in addition to /a/, a phoneme /K/ in
addition to /k/, etc. (here long phonemes are symbolized by capital letters)
(Karlsson 1969: 353-354). Recently, Suomi (2008) argued against this paradig-
matic interpretation. One of the arguments against the paradigmatic interpreta-
tion is that all long consonants would have to be ambisyllabic. For example the
word /takka/ would be phonemically /taKa/, with the syllable boundary
somewhere inside the /K/, since native speaker intuition cannot accept the syl-
labifications /ta.Ka/ and /taK.a/, and the word is undeniably disyllabic. If we
argue that the first part of /K/ belongs to the first syllable and the second part
to the second syllable, then the question inevitably arises as to the exact nature
of these subparts of a phoneme, and of the boundary between them. If the first
syllable is claimed to be /taK/, then it would have to be said that the /K/ con-
tinues to the next syllable. The third interpretation of the opposition is that long
segments are interpreted as short phonemes which are followed by chroneme.
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(Karlsson 1969: 354; Karlsson 1982: 70-71; Lehiste 1970: 43; Lehtonen 1970: 30-
31; Harrikari 2000; Ylinen, Huotilainen & Naitdnen, 2005). This view on quanti-
ty opposition approaches duration as similar to pitch or intensity, i.e. a supra-
segemental feature, something occurring in parallel with segments.

On the phonological level, Finnish vowels have two lengths, although
they can be short, half-long, long, and over-long (Wiik 1965: 134). The double
vowels are twice as long as the short ones in the same word position (Lehtonen
1970: 33). Wiik (1965: 116) long ago made the observation that vowels are longer
in voiced than in voiceless contexts. Suomi (2006: 494-496) also reported that
Finnish vowels and consonants have segmentally different duration stages in
different positions within a word and that this depends also on accentuation
(sentence stress) (see also Lehtonen 1970: 14). Krull, Traunmiiller & van Dom-
melen (2003: 836) suggest in their study that in Finnish the duration of the vow-
el in adjacent syllables has a much greater effect on the perception of the quanti-
ty of a vowel than does the duration of immediately neighboring consonants.

Word final vowels in Finnish are difficult for L2 learners to perceive as
long, as has been shown by (Vihanta 1990: 213). Kirmse, Ylinen, Tervaniemi,
Vainio, Schroger & Jacobsen (2008: 131) found that Finns have difficulties in
discrimination of word final duration if the duration is shortened. The study by
Nenonen (2001b) shows that Russian learners may also have difficulties in the
production of Finnish word-final long vowels. An L2 learner-produced vowel
in this position is shorter than that produced by a native speaker of Finnish. The
study by Myers & Hansen (2005: 317) also shows that increase in the duration of
formant pattern transitions of vowels increases the probability of their being
perceived as long by Finns. In another study, Myers & Hansen (2007: 157, 184)
found that Finnish speakers identify the length category of partially voiceless
final vowels on the basis of the duration of its voiced portion, so that partial
devoicing of a vowel increases the probability of its being identified as short.
The study also revealed that ending formants with a voiceless vowel does not
influence Finnish listeners’ perception of vowel quantity. This thinking is close
to that of Turk & Sawusch (1996: 3782), who have found that extracting length
information is easier than extracting loudness information, but lengths and
loudness are perceived as a unit.

In this point it is necessary to discuss the terminological choices of this
study. Above, I have described the complexity of the quantity phenomenon in
Finnish, and the different approaches to its definition. This study concentrates
on the perception of the phonemic length of both consonants and vowels in dif-
ferent positions in words, pseudo-words and non-words. Special interest is on
word or pseudo-word final position, namely on the /a/ vowel quantity opposi-
tion. The term (phonological) quantity is used when discussing the phenome-
non in a wider context or when it is used to refer to the data at hand. The identi-
ty group interpretation is used here, as it is the one most commonly accepted by
Finnish phoneticians.* The term phonemic length was chosen to describe the

4 In part, we also use the identity group interpretation because it was required by a
reviewer (concerning the third study).
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perception tasks used in this study, and the term phonetic duration is used only
when discussing the phonetic aspects of the phenomenon. Phonemic length was
chosen because it was the simplest way to describe the complexity of the phe-
nomenon of interest, especially on the sub-study level, and it combines the
phonetic and phonological level of the phenomenon together. There is, however,
the difficulty that the term “phonemic” is usually related to the concept of
meaning (semantic). This is not the case with the pseudo-words and non-words.
However, we also had material consisting of real words and hence, for this rea-
son, the term phonemic length was the best choice. I use also the terms identifi-
cation of phonemic length and identification of quantity degree. It is therefore
important to remember that the purpose of this study is not to call into question
the former research on the definitions of quantity. Instead, the choice of the
term was mainly a methodological one.

1.4.3 Duration in Russian and phonetic transfer in learning of Finnish

One focus of this study is on the perception of Finnish phonemic length in gen-
eral, and especially that of word -final /a/ in two- and three-syllable items by
Russian L2 learners of Finnish. Therefore, the phonological system of Russian
has to be considered and discussed.

The phonological system of Russian differs from Finnish in the role of du-
ration (Nenonen 2001a: 16-17; Nenonen et al. 2003: 492; Ylinen et al., 2005: 313).
In Russian there is one vowel in every syllable and it forms the nucleus of the
syllable. There is variation in vowel quality, especially the vowel [a]. However,
Finnish [a] is qualitatively quite similar to Russian [a]. The Russian vowel sys-
tem has three duration degrees: stressed vowels are longer than unstressed and
unstressed vowels have two duration degrees. Thus, word stress determines the
duration of sounds. These differences of duration do not differentiate words
from each other. (de Silva 1999: 19, 22, 174; Nenonen, Shestakova, Huotilainen
& Nadtdnen, 2005: 28.) Thus, as de Silva (1999: 69, 71, 176) has stated, a Russian
L2 learner of Finnish who does not know the phonological system of Finnish
may perceive the syllable with a long vowel as a stressed syllable. Words in
Finnish and Russian mostly consist of two or three syllables, but syllabic struc-
tures in Finnish are simpler than in Russian (Silvén, 2010: 142).

Earlier experiences of learning and language have an effect on the acquisi-
tion of a second language (Cook 2001: 9; Sajavaara 1999: 96). The mother tongue
or first language of a child has an impact on what is difficult to learn in the sec-
ond language (Ringbom 2007). For example, foreign or second-language learn-
ers of Finnish do not necessarily differentiate short and long durations in spon-
taneous speech (Lehtonen, 1970: 14). This is generally termed interference in
second language studies. Weinreich (1953: 18-19) argued that there are four dif-
ferent types of phonetic interference: 1) under-differentiation of phonemes,
which occurs when two sounds of the L2, whose counterparts are not distin-
guished in the L1, are confused; 2) over-differentiation of phonemes, which
means that contrasting sounds of the L1 are treated as members of one pho-
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neme in the L2; 3) reinterpretation of distinctions, which occurs when the bilin-
gual distinguishes phonemes in the L2 by features which in that system are
merely concomitant or redundant, but which are relevant in the L1; and, finally,
4) phoneme substitution, which applies to phonemes that are identically de-
fined in the two languages but whose normal pronunciation differs.

Wiik (1965: 15-16) has also divided phonetic interference into types. These
are: 1) physical differences between the languages, where one of the two lan-
guages has a particular sound which the other one lacks; 2) relational differ-
ences, where both languages contain the same sounds, but these sounds are
classified differently in the two systems; 3) distributional differences, where
both languages have the same sound, but these are restricted to different envi-
ronments; and 4) segmental differences, where similar combinations of segmen-
tal items co-occur in both languages, but the stretch is not divided in the same
manner in those languages.

Phonetic interference between Finnish and Russian in phonemic length
involves Weinreich’s type 1 (under-differentiation) and Wiik’s types 2, 3 and 4
(relational, distributional and segmental differences). It also involves Wiik's
type 1 (physical differences), if it is a matter of the monophonemic interpreta-
tion of long phonemes.

The term interference, used by Weinreich and Wiik, is nowadays consid-
ered by many bilinguals to be a negative and pejorative term, as it suggests is
the presence of a problem when a bilingual uses language. It is for this reason
that the terms transfer and cross-linguistic influence are preferred. (Baker 2007:
110). In light of this thinking, the terms transfer and cross-linguistic influence
are mainly used to describe the phenomena involved in the acquisition of pho-
nemic length by Russian L2 learners of Finnish.

1.4.4 General outline of studies of Finnish quantity

Careful research in library web-pages and on the Internet revealed a total of 66
articles and dissertations which address Finnish phonological quantity in one
way or another. Table 1 describes these studies in chronological order. Master’s
theses and conference presentations were excluded from the list.

Various theoretical phonetic and phonological aspects of the phenomenon
are the main topics in these studies. The present study differs in this respect
from these other studies, as theoretical phonetic or phonological problem set-
ting is not its main focus. Of the 66 studies, 15 studies address the difficulty of
Finnish quantity or duration among children with familial risk for dyslexia
and/or with reading disabilities, and with dyslexic adults. I return to these
studies and describe them in more detail in section 1.6.4, in connection with the
JLD project.

In addition to the above-mentioned 15 studies, two quantity studies focus
on the spelling development of Finnish children. The first is by Lehtonen (2006),
who studied the ways in which 1st grade children use orthographic, phonologi-
cal, and morphological information in spelling double consonants (geminates).
The results showed that school beginners were able to utilize orthographic in-
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formation in spelling, whereas the phonological aspects of spelling rules were
acquired only later on. The use of morphological information began to emerge
as well. As a result, children seem to use multiple kinds of information in
spelling from very early on. (Lehtonen 2006: 63.) The other study, by Pekonen
(2007), is on the learning of spelling among Finnish children in terms of length
marking. The results revealed that the differences between the scores for single
and double phonemes were all statistically significant in all the pseudo-word
positions, meaning specifically that children made more errors in marking long
quantity correctly than in marking single consonants correctly. He also argued
from the theoretical point of view that quantity is best described by means of
autosegmental phonology. (Pekonen 2007: 6, 145, 149.) These studies show that
the spelling of phonemic length is a skill which develops through time and is
also challenging for normally developing children. However they learn to mark
the correct length through the overall development of spelling skills.

Another 16 studies or articles addressed Finnish quantity and second-
language learning or compared of quantity in Finnish with that in some other
language structure. Eight of them relate closely to the study at hand. I discuss
five in this section and three in section 1.6.6, where I focus on comparisons and
studies of quantity between Russian and Finnish.

One of the five above-mentioned studies was authored by Kirmse et al.
(2008: 131), who compared the pre-attentive processing of vowel duration in the
pseudo-word /sasa/ between Finnish and German participants by measuring
mismatch negativity (MMN), a brain response reflecting discrimination accura-
cy. In both language groups, diminished MMN amplitudes for the shortening
of vowel duration in the word-final syllable suggested generally more difficulty
in the discrimination of vowel duration in word-final position. The results also
suggested that the Finnish language group had a generally higher sensitivity to
duration contrasts due to the phonological quantity distinction in their native
language. However, this study reveals cross-language difficulty in the percep-
tion of a word-final vowel.

The study by Ylinen, Uther, Latvala, Vepsdldinen, Iverson, Akahane-
Yamada and Né&&tanen (2010: 1319) also concerns Finnish phonological quantity.
They conducted a phonetic intervention study with Finnish learners of English
vowels and investigated the impact of quantity on the perception and learning
of the English vowels /i/ and /I/. After training, the Finns were able to use the
spectral cues of the vowels more reliably than before the intervention, and cor-
respondingly, relied less on duration and L1 quantity categorization. The MMN
brain responses revealed that the training had enhanced the Finns' ability to
pre-attentively process the spectral cues of the English vowels.

The studies of most relevance for the purposes of this dissertation are
those by Heeren. Interestingly, these three studies bear a close thematic relation
to studies three and four of this dissertation. She reports on the possible effects
of quantity training with L2 learners of Finnish. In her dissertation (2006) she
conducted a training study to find out how perceptual sensitivity develops
along a dimension that contrasts two unknown speech sounds, and whether
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perceptual development varies with the learner's age. In part, the study con-
cerned training in the Finnish /¢-tt/ contrast with Dutch adults and 12-year-old
children. The increase in perceptual sensitivity near the boundaries of the
learned phoneme remained small and did not develop into native-like discrim-
ination peaks. The 12-year-old children and adults learned to perceive non-
native phoneme contrasts in similar ways. (Heeren 2006: abstract, 71.)

In another article, Heeren & Schouten (2008: 2291, 2299) reported on a
training study with adult Dutch learners of Finnish. They studied the develop-
ment of perceptual sensitivity along an acoustic continuum between two non-
native phoneme categories /t-tt/ (ata-atta). Phoneme continua from six differ-
ent speakers were produced in three steps. The stimuli were constructed by
shortening the closure of the stop consonant. The Dutch participants were
trained using a pre-test-training-posttest design in a laboratory setting. The re-
sults showed that the typical discrimination peak in perceptual sensitivity
shown by native listeners near a phoneme boundary was not found in the
Dutch L2 learners after short-term training. However, small increases in percep-
tual sensitivity near the category boundary were found, as well as decreases in
perception within the category.

Heeren & Schouten (2010) also conducted the same study with 12-year-old
Dutch children using same stimuli as in the study with adults. The training was
carried out in schools with laptops and headphones. The training was delivered
in five sessions, each lasting about 15 minutes. The children were tested indi-
vidually before and one day after the final training session. The test included
identification and discrimination tasks. The short-term training resulted in rela-
tively fast progress on the identification of the trained categories. Changes in
perceptual sensitivity remained small and did not show difference between the
children and adults, although the latter showed higher discrimination scores
than the children. The authors also state that native-like identification as a result
of training does not necessarily reflect native-like use of phoneme categories.
(Heeren & Schouten 2010: 594, 596, 597, 601, 602.)
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TABLE1 Articles and Dissertations of Finnish Phonological Quantity in Chronological Order
Author(s) Name of the study Year Main focus

Lehiste The function of quantity in Finnish and Es- 1965 Comparison of the quantity systems of Finnish and Estoni-
tonian an.

Wiik Finnish and English vowels. A comparison 1965 Comparison of the Finnish and British English pronuncia-
with special reference to the learning prob- tion. Describes also the identity group interpretation of
lems met by native speakers of Finnish phonological quantity.
learning English

Karlsson Suomen yleiskielen segmentaalifoneemien 1969 Describes the paradigm of Finnish segmental phonemes
paradigma and the three interpretations of phonological quantity.

Lehtonen Huomioita kvantiteettien foneemirajoistaja 1969 Describes observations of phoneme boundaries and of sub-
subjektiivisista kestohavainnoista jective duration perception of Finnish students. The dis-

crimination of students is more accurate at phoneme
boundaries than within quantity classes.

Lehtonen Aspect of quantity in standard Finnish 1970 Illustrates durational patterns of standard Finnish pro-
duced by Finnish students. Results reveal among other
things that the length of a word does not have an effect on
its sound segments in the context of sentences.

livonen Adnnekeston riippuvuus ilmauksen pituu- 1974 Demonstrates that sentence length has an effect on the du-
desta ration of sounds in Finnish.

livonen Asnnekeston riippuvuus sanan pituudesta 1974  Describes how durations of sounds decrease as word
irrallaan d&nnetyissd sanoissa length increases in Finnish.

Lehtonen Sanan pituus ja dannekestot 1974 Repeats the results of his dissertation (1970).

Suomi Voicing in English and Finnish stops 1980 Finns learning English have difficulty not with stops alone,

(continues)
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but also with other phonetic aspects of the distinction. The
difficulty is not predicted by contrastive phonological
analysis alone. Complexity of phonetic features and other
contextual factors should also be considered.

Hurme & Son-
ninen

Normaalikuuloisten

lasten ja aikuisten sekd kuulovammaisten
lasten tuottamien KVKV- ja KVKKV-sanojen
kestohahmoista

1982

Only about 30% of the 2- to 4-year-old children and about
80% of the 5- to 6-year-old children produced a statistically
significant duration difference in the medial consonants of
CVC and CVCV words in a picture-naming task.

Hurme & Son-
ninen

Development of durational
patterns in Finnish CVCV and CVCCV
words

1985

About 70-90% of the 3-year-old children and 90-100% of
the 6-year-old children were able to make the quantity dis-
tinction.

Vihanta Suomi vieraana kielend foneettiselta kannal- 1990 Concludes that the pronunciation of Finnish is not easier
ta than the pronunciation of other languages.

Lyytinen, Lei-  In search of the core features of dyslexia: 1995 Discusses three strategies used to search for the core fea-

nonen, Nikula, Observations concerning dyslexia in the tures of dyslexia, and introduces, among other errors,

Aro & Leiwo  highly orthographically regular Finnish lan- quantity reading and spelling errors made by adults with
guage dyslexia in the JLD data.

Richardson Kvantiteetin havaitseminen aikuisilla ja 1996 Preliminary results of dissertation published in the year
kuuden kuukauden ikiisilld lapsilla 1998.

Lyytinen In search of precursors of dyslexia 1997  Describes, among other things, how the quantity opposi-

tion is difficult for adult dyslexics.
Pihko, Leppa-  Auditory event-related potentials (ERP) re- 1997 Study with adult Finns on perception of stop consonants.

saari, Leppa-
nen, Richard-
son & Lyyti-
nen

flect temporal changes in speech stimuli

The study shows how ERPs reflect changes in speech stim-
uli.

Harrikari

Length in Finnish - an OT phonology as-
sessment : two studies

1998

Focus on epenthesis as evidence of geminate integrity in
Finnish.

(continues)
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[ivonen Suomen ja saksan vokaalien laadun ja keston =~ 1998 Comparison between German and Finnish in vowel quali-
vertailua ty and duration.
Niemi Modularity of Prosody: Autonomy of Phono- 1998  The Finnish language is used to enrich conception of the
logical Quantity and Intonation in Aphasia dysprosody hypothesis of the output in Broca’s agramma-
tism, i.e., of the claim that agrammatic speech is character-
ized by aberrant timing and intonation patterns, in a study
with aphasics.
Richardson Familial dyslexia and sound duration 1998  Studies the role of duration categorization of speech
in the quantity distinctions of Finnish infants sounds into distinct phonemes by dyslexic adults and
and adults their infants with or without familial risk for dyslexia. At-
risk infants and dyslexic adults needed significantly long-
er duration to perceive the length as long compared to
controls. They had also difficulties with the secondary cue
in a production task using durational cues.
Pihko, Lep- Cortical responses of infants with and with- 1999  Study with newborns and six-month-old infants with and
péanen, Ek- out a genetic risk for dyslexia: I. Age effects without familial risk for dyslexia. The groups differed
lund, Cheour, from each other in their responses to the standard /kaa/
Guttorm & stimulus compared to deviant /ka/ stimulus at the age of
Lyytinen six months. The results suggest differences in brain activa-
tion patterns between the groups.
Leppénen, Cortical responses of infants with and with- 1999  The stimulus presentation rate was slower than in the
Pihko, Ek- out a genetic risk for dyslexia: II. Group ef- former study. The ERPs to the deviant /ka/ were different
lund & Lyyti- fects from those to the standard /kaa/ stimulus already in
nen newborns. In addition, clear group differences in ERPs

were found. Infants born with a high familial risk for dys-
lexia processed speech/auditory stimulus durations dif-
ferently from control infants at birth.

(continues)
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Leppidnen Tulella ja tuulella on eroa jo varhain: Vau- 1999  Reveals that newborns with familial risk for dyslexia have
voilla, joilla on riski suvussa esiintyvaan lu- different responses to quantity opposition.
kihdirioon, on eroja aivojen sahkoisissd reak-
tioissa puheérsykkeisiin

Richardson Perinnollinen dysleksia ja ddnteiden kesto 1999  Presentation preceding he dissertation defense (1998).
kvantiteettieroissa suomalaisilla pikkulapsil-
la ja aikuisilla

de Silva Quantity and Quality as Universal and Spe- 1999  The study concentrates on pronunciation differences on
cific Features of Sound Systems - Experi- the word level between Russian and Finnish adults. Inter-
mental Phonetic Research on Interaction of ference from Finnish leads to two duration degrees among
Russian and Finnish Sound Systems the Finnish L2 learners of Russian: very long and very

short. The study also shows the importance of teaching
phonetics to second or foreign language learners.

Harrikari Segmental length in Finnish - Studies within = 2000  Theoretical study of Finnish phonological segmental
a constraint-based approach length by using the Optimality Theory developed in the

field of generative phonology. Shows evidence for the use
of monosegmental interpretation of length in Finnish dia-
lects.

Kunnari Characteristics of early lexical and phonolog- 2000 _ Systematic phonological survey of the earliest (already
ical development in children acquiring Finn- before the age of two years) words of Finnish children.
ish Children produce a wide range of medial consonants

throughout the one-word period.

Aoyama A psycholinguistic perspective on Finnish 2001 A series of psycholinguistic investigations on consonantal

and Japanese prosody: Perception, produc-
tion, and child acquisition of consonantal
quantity distinctions

distinctions in Finnish and Japanese. Description of differ-
ences in adult production, perception, and child acquisi-
tion of these distinctions. Finnish children distinguish /n/
and /nn/ at three years of age, whereas Japanese children
do not.

(continues)

6¢



Table 1 (continues)

Kunnari, Na-  Cross-linguistic evidence for the acquisition =~ 2001  Preliminary results seem to suggest that Finnish children

kai & Vihman of geminates begin to distinguish singleton vs. geminate stops in pro-
duction by the end of the one-word period, possibly even
early in this period, whereas Japanese children do not reli-
ably distinguish them even at the end of the one-word
period.

Nenonen Venildiset suomenoppijat suomen kielen 2001a Studies the perception of vowel length by Russian school-

pitkien painottomien vokaalien havaitsijoina aged children learning Finnish. The native language, word

structure, and task type have effects on their perception of
vowel length. A long stressed vowel disturbs the percep-
tion of length, and a geminate has an effect on the percep-
tion of a long vowel following the consonant. This is be-
cause the geminate violates the L1 word structure of
learners.

Richardson,  Lukivaikeudet ja suomen pituuden hahmot- 2001  Describes the difficulties of Finnish language (also quanti-

Haukkamdki, taminen ja merkitseminen ty) for dyslexic and infants with familial risk for dyslexia.

& Leiwo

Leppdnen, Brain responses to changes in speech sound 2002 Report on differences between 6-month-old infants with

Richardson,  durations differ between infants with and and without a high risk for familial dyslexia in brain elec-

Pihko, without familial risk for dyslexia trical activation generated by changes in the temporal

Eklund, Gut- structure of speech sounds (consonant duration changes).

torm, Aro &

Lyytinen

Lyytinen, Brain functions and speech perception in 2003 Summary of the results of previous behavioral and ERP

Leppénen, infants at risk for dyslexia studies in the JLD assessing speech sound responses.

Richardson &

Guttorm

O'Dell Intrinsic timing and quantity in Finnish 2003  The study concentrates on the contradiction between in-

(continues)
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trinsic timing and quantity.

Richardson, Speech perception of infants with high fami- 2003  Article on speech perception results of dissertation (1998).

Leppdnen, ly risk for dyslexia differ at the age of six

Leiwo & Lyy- months

tinen

Suomi & Durational and tonal correlates of accent in 2003  Study that explicitly distinguishes the phonetic correlates

Ylitalo Finnish of sentence accent from those of word stress in Finnish.
The timing of {0 movements is dependent on the moraic
structure of the target words. The finding seems to be
connected with the typologically rare combination of
stress (or rhythmic) and quantity systems in Finnish.

Isei-Jaakkola  Lexical quantity in Japanese and Finnish 2004  Study of the similarities and differences in lexical quantity
in Japanese and Finnish.

Suomi & On durational correlates of word stress in 2004 Segments and syllables have a reliably longer duration

Ylitalo Finnish when they occur within the word's first two morae than
when they occur outside this domain. If the second-
syllable single vowel constitutes the word's second mora,
its duration is very much longer than otherwise. Second-
ary stress is shown to involve a similar although attenuat-
ed durational variation in the second-syllable vowel of the
word's second foot. A voiced consonant is lengthened
when it constitutes the word's second mora. The motiva-
tion for this second-mora lengthening is to provide room
for the phonetic realization of accentuation.

Suomi Moraic Patterns in Finnish prosody and lexi- 2004 Description of moraic patterns in Finnish.

con
Karvonen Word prosody in Finnish 2005  Studies the interplay of rhythmic, weight-based, and mor-

phological factors on surface stress in Finnish. Quantity

(continues)
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sensitivity is part of the research.

Myers & The origin of vowel-length neutralization in 2005
Hansen vocoid sequences: evidence from Finnish
speakers

Studies vowel-length neutralization in which a vowel after
a vocoid must be long. This arises from the inherent
acoustic ambiguity of such sequences, which are realized
with a diphthongal transition from one formant pattern to
the next, with no clear boundary between the two. Neu-
tralization in vocoid sequences originates from listeners'
difficulties in determining the duration of vowels in this
context. Lengthening of the second vocoid arises when
listeners attribute some of the transition duration to that
segment. A production study with Finns shows that
speakers treat the transition as belonging in part to the
realization of the postvocoid vowel. Two perception stud-
ies show that increasing the duration of the transition in-
creases the probability of such a vowel being identified as
long.

Suomi Temporal conspiracies for a tonal end: seg- 2005
mental durations and accentual f0 movement
in a quantity language

Study of interaction between segment durations and the
tonal manifestation of accent in Finnish. Accentual length-
ening affected all segments in the target words reliably,
but the lengthening was highly nonlinear. The word's first
two morae were extensively lengthened, other segments
less. In some positions, the extent of lengthening seemed
to be constrained by a need to maintain the quantity op-
position.

Suomi Suomen kielen prominenssien foneettisesta 2005 Research on Finnish prominence from the phonetic point
toteutumisesta of view. Quantity opposition is a part of this description.
Heeren Perceptual development of phoneme con- 2006 A training study on how perceptual sensitivity develops

trasts in adults and children

along a dimension that contrasts two unknown speech

(continues)
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sounds, and whether perceptual development varies with
the learner's age. Part of the study concerned the training
of the Finnish /t-tt/ contrast. The increases in perceptual
sensitivity near the learned phoneme boundaries re-
mained small and did not develop into native-like dis-
crimination peaks. It was shown that 12-year-old children
and adults learn to perceive non-native phoneme contrasts
in similar ways.

Lehtonen

Sources of information children use in learn-
ing to spell: The case of Finnish Geminates

2006

Investigation of the ways in which children use ortho-
graphic, phonological and morphological information in
spelling double consonants (geminates) in Finnish. Chil-
dren just starting school are able to use orthographic in-
formation in spelling. Phonological aspects of spelling
rules are acquired later on. During the first school year the
use of morphological information began to emerge.

Suomi

Suomen segmenttikestojen madrdytymisestd

2006

Concentrates on changes in segmental duration during the
production of Finnish.

Ylinen

Cortical representations for phonological
quantity

2006

Study of cortical representations of phonological quantity
in native speakers and Russian L2 users of Finnish using
behavioral and electrophysiological methods. The Finns
MMN response was enhanced by native-language proto-
types. The duration of the MMN response of L2 learners
was native-like only for a L2 vowel dissimilar to L1. Estab-
lishment of representations of L2 quantity may require
several years of language exposure.

Myers &
Hansen

The origin of vowel length neutralization in
final position: Evidence from Finnish speak-
ers

2007

Studies the phonological pattern of final vowel shortening
at the end of an utterance. Partial devoicing of the final
vowel makes it difficult to hear the end of the vowel and
thus favors identification of final vowels as short. When

(continues)
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language learners generalize such an identification pat-
tern, they have adopted a final shortening pattern. The
experiments with Finns establish that there is both final
lengthening and final devoicing in the language. Finnish
speakers identify the length category of partially voiceless
final vowels on the basis of the duration of the voiced por-
tion, so that partial devoicing of a vowel increases the
probability of its being identified as short.

Pekonen Suomen kvantiteetti ja kirjoitusprosessi: Mal- 2007  Studies learning of the spelling of length among Finnish
linnusta ja empiriaa children with 28 pseudo-words. The differences between
single and double phonemes were all statistically signifi-
cant in all the pseudo-word positions. Quantity is best de-
scribed by reference to autosegmental phonology.
Suomi On the tonal and temporal domains of accent 2007  The study focused the temporal and tonal domains of ac-
in Finnish cent in Finnish. The results show that in Finnish segment
durations are adjusted to achieve a temporally and tonally
uniform realization of accent.
Heeren & Perceptual development of phoneme con- 2008  Focuses on the typical peak in perceptual sensitivity near
Schouten trasts: How sensitivity changes along acous- a phoneme boundary in an acoustic dimension that con-

tic dimensions that contrast phoneme cate-
gories

trasts two non-native speech sounds. The study shows
that the typical peak in perceptual sensitivity near a pho-
neme boundary that native listeners show is not found in
relatively inexperienced language learners, despite their
ability to classify a continuum in a native-like way after
short-term laboratory training. A discrimination peak may
be achieved by language learners, but only after much
more language experience than short-term laboratory
training can offer.

(continues)
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Kirmse, Yli- ~ Modulation of the mismatch negativity 2008 Investigates the pre-attentive processing of vowel dura-
nen, Terva- (MMN) to vowel duration changes in native tion in a pseudo-word, /sasa/, in Finns and Germans with
niemi, Vainio, speakers of Finnish and German as a result MMN. In both language groups, diminished MMN am-
Schroger & of language experience plitudes for the shortening of vowel duration in the word-
Jacobsen final syllable suggested a generally more difficult discrim-
ination of vowel duration in the word-final position. Re-
sults suggest a generally higher sensitivity to duration
contrasts in the Finnish language group.
Suomi Suomen kvantiteettiopposition fonologisesta 2008  Discusses the paradigmatic and identity group interpreta-
tulkinnasta tion of quantity, and defends the identity group interpre-
tation.
Suomi, Toi- On the phonological interpretation of the 2008  Discusses the paradigmatic and identity group interpreta-
vanen & Yli-  quantity opposition tion of quantity, and defends the identity group interpre-
talo tation.
Takegata, Parameter-specific modulation of the mis- 2008  The study investigates whether stimulus parameters
Tervaniemi, = match negativity to duration decrement and (sound type and vowel duration) exert a differential influ-
Alku, Ylinen  increment: Evidence for asymmetric process- ence on the MMN for a duration decrement and increment
& Nddtanen  es of an equal magnitude among Finnish adults. ERPs were
recorded in16 healthy adults presented with repetitive
standard sounds interspersed with duration changes (de-
viants). The interactions demonstrated asymmetries in the
MMN for duration increment and decrement.
Hamaéldinen, Common variance in amplitude envelope 2009  The study of auditory and speech perception abilities of 9-
Leppénen, perception tasks and their impact on pho- year-old Finnish children with and without reading disa-
Eklund, neme duration perception and reading and bilities, and association between auditory, speech percep-
Thomson, spelling in Finnish children with reading tion, reading, and spelling skills. The results showed,
Richardson, disabilities among other things, group differences in phoneme dura-
Guttorm, Wit- tion discrimination (phonemic length).

ton, Poikkeus,

(continues)
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Goswami&

Lyytinen

Nakai, Kun-  Utterance-final lengthening and quantity in 2009  Studies utterance-final lengthening in Northern Finnish

nari, Turk, Northern Finnish with particular focus on its interaction with the language’s

Suomi & Yli- single vs. double vowel distinction. It seems that Finnish

talo regulates utterance-final lengthening to preserve its quan-
tity system. Specifically, the voiced portion (the portion
that is relevant to the perception of vowel quantity) of the
longest single vowel (the half-long vowel) was restricted.
Double vowels were lengthened less when the vowel in an
adjacent syllable was double. Utterance-final lengthening
is a universal tendency but must be learned in each lan-
guage.

Suomi Durational elasticity for accentual purposes 2009  The study examines the elastic behavior of segment dura-

in Northern Finnish tions in Northern Finnish. The locus of duration-to-tone

adjustment tends to have constant duration across differ-
ent word structures, and it ensures the tonally and tempo-
rally uniform realization of accent. This characteristic
seems to distinguish Northern Finnish from many other
languages.

Heeren & Perceptual development of the Finnish /t-t:/ 2010  Studies the development of perceptual sensitivity in child

Schouten distinction in Dutch 12-year-old children: A L2 learners along an acoustic dimension that contrasts two

training study

non-native speech sounds, and compares their language
learning to that of adult learners. Both adult and 12-year-
old Dutch learners of Finnish increased their sensitivity in
the newly trained category boundary region, but the
changes remained small. Although the manner and speed
of learning were comparable between age groups, adults

(continues)
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showed higher discrimination scores than children.

Leppdnen, Newborn brain event-related potentials re- 2010  Use of ERPs to investigate the pitch processing of dyslexic
Haméldinen,  vealing atypical processing of sound fre- children with familial risk background as newborns and
Salminen, quency and the subsequent association with relates the ERPs later to these same children's pre-reading
Eklund, Gut- later literacy skills in children with familial cognitive skills and literacy outcomes. Newborn ERPs re-
torm, Loh- dyslexia flecting passive change detection were associated with
vansuu, Puo- phonological skills and letter knowledge prior to school
lakanaho & age, and with phoneme duration perception, reading flu-
Lyytinen ency and spelling accuracy in the 2nd grade. Results sug-
gest that a proportion of dyslexic readers with familial risk
background are affected by atypical auditory processing.
Jarvikivi, Real-Time Correlates of Phonological Quan- 2010 The study suggests that there is no unidirectional causal
Vainio & Aal- tity Reveal Unity of Tonal and Non-Tonal link from perceptual sensitivity towards pitch information
to Languages to the appearance of a tone language. The contrastive cat-
egories of tone and quantity may be based on simultane-
ously co-varying properties of the speech signal and the
processing system, even though the conscious experience
of the speakers may highlight only one discrete variable at
a time.
Vainio, Jarvi-  Phonetic tone signals quantity and word 2010  The structure of disyllabic word stems in Finnish are sig-
kivi, Aalto &  structure naled tonally and the phonological length of the stressed
Suni syllable is further tonally distinguished within the disyl-
labic sequence. The results indicate that the observed as-
sociation of tone and duration in perception is systemati-
cally exploited in speech production in Finnish.
Ylinen, Uther, Training the brain to weight speech cues dif- 2010 Studies whether the non-native-like cue weighting could
Latvala, Vep- ferently: A study of Finnish second-language be changed by using phonetic training with Finnish learn-
sdldinen, users of English ers of English. The Finns relied more on duration in vowel

(continues)

LE



Table 1 (continues)

Iverson, Aka-
hane-Yamada
& Nidtanen

recognition than the native English speakers before the
training. After the training the Finns were able to use the
spectral cues of the vowels more reliably than before. The
MMN brain responses revealed that the training had en-
hanced the Finns' ability to pre-attentively process the
spectral cues of the English vowels.

Eerola, Save-  The effect of duration on vowel categoriza- 2012  Studies the identity group interpretation of the quantity

la, Laaksonen tion and perceptual prototypes in a quantity opposition in Finnish with categorization task with syn-

& Aaltonen language thesized stimuli. Large individual variation was found in
the categorization. The results suggest that quantity does
not affect the category formation between /y/ and /i/.
The results suggest that phoneme prototypes are not de-
monstrably dependent on the phonological quantity op-
position, and are in accordance with the identity group
interpretation of Finnish quantity opposition.

Leppénen, Infant brain responses associated with read- 2012  The study investigates neurocognitive processes related to

Hamaéldinen, ing-related skills before school and at school phonology and other risk factors for later reading prob-

Guttorm, Ek-  age lems. The findings suggest persisting developmental dif-

lund, Salmi- ferences in the organization of the neural networks sub-

nen, Tanska- serving auditory and speech perception, with cascading

nen, Torppa, effects on later reading-related skills in children with fa-

Puolakanaho, milial background for dyslexia. Atypical auditory/speech

Richardson, processing is not likely to be a sufficient reason for dyslex-

Pennala, Lyy- ia but rather one endophenotype or risk factor.

tinen

Nakai, Turk,  Quantity and constraints on the temporal 2012  The study investigated interactions between vowel quanti-

Suomi, Gran- implementation of phrasal prosody in ty and two types of prosodic lengthening (accentual

lund, Ylitalo  Northern Finnish lengthening and the combined effect of accentual and ut-

(continues)
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& Kunnari

terance-final lengthening) in disyllabic words in Northern
Finnish. In both types of prosodic lengthening, vowels
were lengthened less when they were next to a syllable
containing a double vowel than when they were next to a
syllable containing a single vowel. A durational ceiling
effect was observed for the phonologically single, half-
long vowel under the combined effect of accentual and
utterance-final lengthening. The findings support the view
that quantity languages regulate the non-phonemic use of
duration because of the high functional load of duration at
the phonemic level. The combined effect of accentual and
utterance-final lengthening appeared to have its own
lengthening profile.

6¢
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1.5 Phonological processing and awareness

Quantity is a phonological phenomenon, and therefore the phonological aspects
of the perception and learning of quantity and phonemic length should be con-
sidered in this study. Phonological processing and awareness are also common
processes for native Finnish children with reading disabilities and for L2 learn-
ers, like for all language learners, so the mechanisms behind them and the ef-
fects of the language structures are linked to the phonological aspects of percep-
tion and learning quantity and phonemic length.

The main concept behind phonological processing and awareness is met-
alinguistic awareness. Metalinguistic awareness means the ability to think
about language as an object, and it includes the abilities to identify, analyze,
and manipulate language forms. Metalinguistic awareness develops gradually
during childhood (Menn & Stoel-Gammon 1995: 349). It is crucial in learning to
read because reading is fundamentally a metalinguistic activity. (Koda, 2007:
220.) Metalinguistic awareness is also crucial for L2 learners, because they do
not have to relearn the fundamentals of language structure. They have this
knowledge from the acquisition of their first language. On the other hand, there
are views according to which reading in a second language depends on L2 and
not L1 proficiency. In addition, children can also learn to read first in their sec-
ond language. (Baker 2007: 156, 331, 332.)

Phonological processing is considered to refer collectively to all psycho-
linguistic aspects of the processing of speech-based information, including per-
ception, phonological awareness, short-term and long-term memory, and nam-
ing speed. The phonological system of the language learner develops in interac-
tion with perception and production. (Richardson 1993: 42.) Phonological
awareness is a by-product of a child’s growing understanding of the structure
of spoken sounds and this awareness precedes and supports the task of linking
speech and graphic symbols in the initial development of literacy (Koda 2007:
219, 231). Phonemic awareness is a fine-grained version of phonological aware-
ness, with the insight that each spoken word is made up of phonemes (Rice &
Brooks 2004: 46.) Visually presented information must be converted into its
phonological form in order to be stored and processed efficiently in working
memory, and this is a part of reading. (Koda 2007: 224). Problems in phonologi-
cal awareness are thus crucial risk factor for developmental dyslexia, as was
described above in section 1.2.1 (see for example, Vellutino et al. 2004: 3-4; Pen-
nington et al. 2009: 45, 82, 49-57).

Considerable variation exists in the way phonology is represented graph-
ically in typologically diverse languages (Koda 2007: 230-231). Finnish is a shal-
low, phonemic orthography, and is many ways optimal from the perspective of
literacy acquisition (Aro 2004: 14-15). It has been argued that typically develop-
ing Finnish children have acquired the phonological system in the age of 5-7
years (Kunnari & Savinainen-Makkonen 2010: 201), maybe partly because of
this transparency. Phonemic length is a crucial part of phonological processing
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and awareness, but constitutes an exception to this grapheme-phoneme corre-
spondence in pronunciation® (Lehtonen 2006: 65) because of its surpasegmental
nature. L2 input and processing experience also seem to have a primary impact
on learners” developing phonological awareness and decoding competence, but
L1 influence has continuing importance as well. (Koda 2007: 235.)

There is a developing cross-language consensus that before literacy pho-
nological forms are constructed in the mind as larger unit representations, not
just as single phonemes. For example, the psycholinguistic grain-size theory
(PGST) assumes that there is a general developmental progression in phonolog-
ical representation and in all languages pressure for segmental specificity as
more vocabulary items are acquired. The sequence of phonological develop-
ment seems to depend largely on speech perceptual and language acquisition
factors, which seem to be similar across orthographies. There are at least three
sources of evidence that the sequence of phonological development is language-
universal before literacy. In studies with identical tasks and children at the
same developmental stage, evidence has been found in a) cross-language stud-
ies, b) studies in single languages, and c) studies looking for cross-language dif-
ferences in phonological development on the basis of contrasting phonological
structure. (Goswami 2006: 464.)

The PGST argues that before literacy, phonological restructuring occurs
largely at the word, syllable, and onset-rime level. (Goswami 2006: 464.) The
PGST predicts that the beginning reading system will experience dual pressure:
functional pressure towards smaller units (graphemes), and linguistic pressure
towards bigger units that are phonologically more accessible. However, devel-
oping high-quality phonological representations at small grain sizes (phonemes)
will be the key factor in successful reading acquisition in all alphabetic lan-
guages, because the small grain sizes map onto graphemes. The PGST predicts
that the ease with which reading acquisition and phonemic restructuring are
accomplished varies with a) the phonological structure of the spoken language,
and b) the consistency with which the orthography of that language represents
phoneme-level information. Phonemic awareness skills seem to develop more
rapidly in children learning consistent orthographies. (Goswami 2006: 470, 471,
478.) (See also Ziegler & Goswami 2005: 19-20.) (On phonological problems in
dyslexics, see Metsala, Brown & Stanovich 1998.)

Close to this thinking is the “radical” templatic theory of phonology. It
proposes that a limited number of specific, actual word shapes are the first
steps in phonological learning. After acquiring one or a small number of phono-
logical templates, the child develops a wider variety of these. They are based on
input experience with adults and with babbling patterns. At the same time,
children induce a range of other phonological categories and structures from
the known word shapes in phonology. As a result an adult template-based
model of phonological representations is developed (Vihman & Croft 2007: 683,

Ikola (2000: 19-20) has introduced six other less common cases in Finnish where or-
thography differs from pronunciation.
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686.) Menn & Stoel-Gammon (1995: 345) have also argued that children’s earli-
est phonological units appear to be whole words.

These theories may be more appropriate in languages where the graph-
eme-phoneme correspondence is not as straightforward as it is in Finnish, for
example in English. However, as quantity is a suprasegmental feature involving
syllables or whole words or even sentences, these theories may be appropriate
for probing the complexity of the phenomenon.

1.6 Speech perception

1.6.1 Theories of perception of speech sounds

Speech perception and theories related to this phenomenon form the main larg-
er theoretical background of this study. In this section, some of the main views
are briefly introduced.

The fundamentals of speech perception lie in psychoacoustics (sensory
resolution and auditory categorization) (Pardo & Remez 2006: 201). Speech per-
ception is also a highly context-dependent phenomenon, and linguistic experi-
ence affects perception processes (Pisoni, Lively & Logan 1994: 156-157). For
more than half a century scholars have studied the comprehension of spoken
language. There have been two research domains of interest: speech perception
and spoken word recognition. The former has focused on processes that operate
to decode speech sounds regardless of whether the sounds comprise words,
and the latter has concentrated on spoken word recognition. (For a review, see
Samuel 2011: 49, 62, 68.)

In the beginning of speech perception studies, the focus was on two ob-
served phenomena: categorical perception and right ear advantage. (For a re-
view, see Samuel 2011: 50.) Categorical perception of speech is based on the
findings of Liberman, Harris, Hoffman & Griffith (1957: 367), who suggested
that consonants in vowel contexts were perceived categorically, but not when
they were presented in isolation. This led to the suggestion that - since vowel-
consonant combinations are considered to be speech and isolated consonants as
noise - the perception of speech is different from the perception of sounds in
general, i.e. the speech-is-special hypothesis.

Categorical perception formulations can be divided into two schools of
thinking. First, some results pointed strongly towards considering categorical
perception as an innate property in humans (Eimas, Siqueland, Jusczyk & Vig-
orito 1971: 306; Kuhl & Miller 1975: 71-72). According to Kuhl (1979: 1668), in-
fants are born with certain categorization abilities (e.g. the acoustic vowel
space), which carry the characteristics of potentially all the vowel systems of all
languages. However, Kuhl and colleagues (1992) have also demonstrated how
the perceptual system is altered by learning, i.e. how mother tongue input af-
fects categorical perception. Logan, Lively and Pisoni (1991: 881-882), in turn,
proposed that the effect of categorical perception is a result of learning.
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In the categorical perception and right-ear advantage studies, syllables
were used in which a particular acoustic variable was varied so that the sylla-
ble at one end of the continuum was heard in one way, and at the other end in a
different way (/ba/ and /pa/, Liberman, Cooper, Shankweiler & Studdert-
Kennedy 1967: 431- 433; Samuel, 2011: 50). The categorical tendency was
strongest for stop consonants, weaker for other consonants, and weak for vow-
els. Based on the finding that listening showed a reporting advantage for
speech played to the right ear, Liberman et al. (1967: 431, 454-455) proposed the
existence of a special processor of speech sounds, different from the neural
mechanisms which were related in perceiving other sounds. This processor was
designed to extract the speaker’s intended gestures that were used to produce
speech. This approach was called the Motor Theory of speech perception (Liber-
man et al. 1967; Liberman and Mattingly 1985; for a review, see Samuel 2011:
51).

Trading relations was one phenomenon which supported the Motor Theory.
Many studies reported these relations among multiple acoustic cues that could
be accounted for as deriving from the same motor commands. Former studies
had shown that place information can be provided by both the special distribu-
tion of the burst at the onset of a consonant and by the patterns of formant tran-
sitions of the consonant into the following vowel. (for a review, see Samuel 2011:
51.) The concept of coarticulation was also closely linked to the Motor Theory,
and Mann & Repp (1981: 548) studied this phenomenon in their laboratory. Ear-
ly speech perception research had revealed that vowels and consonants were
not produced independently of the sounds around them, but that these seg-
ments were co-articulated, and this was a major source of acoustic-phonetic var-
iation. Another theoretical phenomenon supporting the Motor Theory was du-
plex perception (Rand 1974). This occurred when a synthetic syllable was broken
into two pieces and each piece was presented to one ear. The transitions were
simultaneously producing a non-speech and a speech percept, consistent with
the notion that two different processors were using this input - one for speech
and one for other sounds. (For a review, see Samuel 2011: 51.)

An alternative view of the Motor Theory was created by Fowler and Ros-
enblum (1990: 742). They developed a non-speech version of the duplex theory.
The theoretical perspective of Fowler was the Direct Realist view, which was
closely associated with the thinking of Gibson (1966). Direct Realism argued for
a more straightforward object of perception, namely that the perceptual primi-
tives are the articulatory gestures and not merely the intentions (or motor pat-
terns) governing the movements. In contrast to the Motor theory, the Direct Re-
alist view regarded speech as less special, since the mechanisms of perception
are thought of as being common to both all modalities and all species. Direct
Realism argues that speech acquisition does not involve linguistic information,
but instead, the input that a mother tongue acquirer receives is gestural and
nonlinguistic (Hawkins 1998).

The next step in the research of speech perception theories was auditory
theories. The background for this came from Fowler & Rosenblum (1990). The
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General Auditory approach proposes that speech sounds are perceived with the
same mechanisms that are used in the perception of sounds more generally. In
this view, there is no role for gestures in speech perception—speech is just an-
other (important) environmental sound that maps onto whatever the represen-
tations are for sounds in general. (Diehl, Lotto & Holt 2004: 154-155.) The per-
ceptual magnet effect (PME) developed by Kuhl (1979: 1668; Kuhl et al. 1992)
and first applied to speech sound stimuli (voice onset time, VOT) in syllable
initial plosives by Samuel (1982) is based on the principle that the most often
occurring category members eventually form centers which are considered to
be the most prototypical representatives of the category. The most important
aspect of these centers or prototypes is that they function as magnets pulling
the other members of the category towards the center and thus inhibiting the
discrimination between sounds near the prototype. This distortion of acoustic
linearity is referred to as the perceptual magnet effect, which is part of Kuhl’s
Native language magnet theory (NLM). The further a category member is from the
prototype, the easier it is to discriminate from the other category members.
Consequently, as the category members become more distant from the center,
the magnets lose their grip and eventually another magnet for another category
takes hold of the speech sound, thus resulting in a category boundary. There-
fore, the boundary effect is merely a consequence of the effect of the central
magnet. (Iverson & Kuhl 1995: 561; 1996: 1130; for a review, see Samuel 2011:
53.) There are different views as to what the prototypes actually are. To mention
just two Jusczyk (1994: 246) has proposed that the initial prototypes are sylla-
bles, and these representations could support phoneme prototype representa-
tions. A second way a prototype may be established is that the listener updates
the presentation with each input (Goodman, Lee & DeGroot 1994: 24). In con-
clusion, the perceptual magnet effect model offers an explanation for the hu-
man ability to distinguish between good and poor category members and also
for the categorical perception effect (Iverson & Kuhl 1995: 561; 1996: 1130; for a
review, see Samuel 2011: 53).

The debate on the Motor Theory, Direct Realism and the General Auditory
theory in relation to speech perception continues. Galantucci, Fowler & Turvey
(2006) includes a discussion of the competing views. The advocates of a motor
component in speech perception have in recent years drawn heavily on the dis-
covery of mirror neurons. (For a review, see Samuel 2011: 53-54.)

Finally, I touch on the issue of normalization in speech perception studies.
Questions on normalization and invariance have been often addressed in stud-
ies concerning speech. Normalization refers to the problems involved when
listeners perceive the speech of another speaker. The problems may relate either
to the perception of the varying acoustic properties (the fundamental frequency,
formant transition, etc.) of the speech within one individual (Verbugge & Rak-
erd 1986 54-55; Nearey 1989: 2088), or to the acoustic differences between the
speech of different speakers (Syrdal & Gopal 1986: 1099). To perceive speech
sounds, it is necessary for the listener to normalize the signal, i.e. try to find the
invariants. During language acquisition, speakers develop a speaker-
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independent model with prototypical hierarchies and a separate speaker-
dependent system for special cases demanding extra effort (Rosner & Pickering
1994: 258-259).

1.6.2 Theories of isolated spoken and visual word recognition

This study concerns partly isolated spoken and visual word recognition. Word
recognition research has been central in cognitive psychology and psycholin-
guistics, because words are relatively well-defined minimal units that involve
several interesting codes of analysis and processing distinctions. The lexicon is
built upon early acquired words from the initial orthographic, phonological,
and/or semantic representations. (Balota, Yap & Cortese 2006: 287, 316.) Evi-
dence has demonstrated that bilingual word recognition involves the parallel
activation of both languages. This is also true in situations where the observed
words are not identical. Both languages appear to be active during speech pro-
cessing, even in highly proficient bilinguals. (Schwartz & Kroll 2006: 975, 976,
990.)

Three different effects or models in word recognition studies have been
very influential. In the phonemic restoration effect, a small piece of speech, typical-
ly a phoneme and its transitions to adjacent phonemes is cut out of a word, and,
for example, white noise replaces the missing speech. Experimental participants
failed to notice the missing speech in these studies. (Warren 1970: 392; for a re-
view, see Samuel 2011: 54, 55.) Ganong (1980) demonstrated a similar tendency
for word recognition processes (Ganong effect). McGurk & MacDonald (1976)
reported that listeners” compromise between the visual and auditory input
streams (visual stimulus /ga/ and audio stimulus /ba/ was perceived as /da/)
(McGurk effect). (For a review, see Samuel 2011: 54.) The most influential early
approach was Marslen-Wilson’s (1975, 1987; Marslen-Wilson & Welsh 1978)
Cohort model. Marslen-Wilson & Welsh (1975) presented listeners with recorded
passages and told them to repeat the input as close in time as they could. Marl-
son-Wilson suggested that the first 150-200 milliseconds of a word could be
used to access lexical representations that were consistent with the input. (For a
review, see Samuel 2011: 55, 57.) Allopenna and colleagues (1998) further de-
veloped an eye-tracking methodology that provided evidence for the activation
of multiple lexical candidates in speech perception (for a review, see Samuel
2011: 56).

Since Marlsen-Wilson’s Cohort model, other models have been proposed
in research on spoken word recognition. These have had much in common with
the Cohort model. Most of these models share the view that speech is encoded
at multiple levels of analysis, and in most cases these levels include phonetic
features of some kind, sublexical units of some kind (most often phonemes),
and some form of lexical representations. A major division among the compet-
ing models has been whether the processing flow is seen as entirely bottom-up
(features = phonemes > words) or is instead viewed as a more interactive, top-
down (lexical = phonemic) process (Dahan & Magnuson 2006: 249-252, 257; for
a review, see Samuel 2011: 57.) Cutler & Norris (1979) developed a number of
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models (including Race, Shortlist, and Merge) that were designed to account for
spoken word recognition with bottom-up principle. The opposing view has
been presented in two models, the TRACE model (McClelland & Elman 1986)
and Grossberg's Adaptive Resonance Theory (Grossberg 1980; for a review, see
Samuel 2011: 57.) In addition to these, nonsegmental features, i. e. features
which do not apply directly to a given segment, have also been a topic of re-
search. These include coarticulation, phonotactic probabilities, and prosodic
influences (such as lexical stress, lexical tone, and indexical factors, i. e. subjec-
tive ways of pronouncing a word). (For a review, see Samuel 2011: 59.)

There are also features which have an effect on visual word recognition.
The effect of word length in lexical decision performance appears to depend on
both the frequency and particular length of the word. Low-frequency words are
more similar to non-words than to high-frequency words, and this also affects
visual word recognition. Emotionally meaningful stimuli tend to be rated as
more familiar. Orthographic and phonological neighbors also play a role in vis-
ual word recognition. Semantic variables associated with lexical representations
can also modulate the ease of word recognition (Goswami 2006: 467, 478; Balota
et al. 2006: 312, 314-316, 319). For example, Davies, Cuetos & Glez-Seijas (2007:
179, 192) found that Spanish-speaking dyslexic children’s reading was signifi-
cantly affected by word frequency, orthographic neighborhood size and word
length. Longer words were more difficult than shorter ones.

Beginning readers of Finnish have problems with word length. The
memory demands of recoding are high because a large number of phonemes
require to be assembled before pronunciation is accessed. (Lyytinen et al. 2006:
60.) Moreover, length seems to affect dyslexics more than chronological age
controls in lexical decisions, because dyslexics predominantly rely on a sub-
lexical reading strategy (Martens & de Jong 2006: 148). Recently, Hautala (2012:
3) found new evidence for this, showing that dysfluent readers were still using
a serial reading strategy in the 5th grade whereas typically reading adults used a
whole word procedure.

Non-native word recognition may also be compromised when fine pho-
netic discrimination at the segmental level is required. (Bradlow & Pisoni 1999:
2074.) In the study by Bradlow and Pisoni (1999: 2074, 2083-2084), non-native
listeners of English had reduced sensitivity to crucial acoustic-phonetic cues
due to their lack of experience with speech in the target language. Thus, word
recognition accuracy was reduced accordingly. Lehtonen and Laine (2003: 213)
have found that native speakers of Finnish had whole word-level representa-
tions for frequent, inflected words whereas bilingual subjects did not. However,
this was not the case with medium or low-frequency words in either group. The
native speakers used morpheme-based recognition with these nouns. The au-
thors argued that this was because it saves processing time and is based on high
exposure to frequent, inflected words. However, the word stems and inflections
are also represented separately in the lexicon of Finnish readers, and the context
also affects the activation of the lexicon (Niemi & Laine 1994: 67).
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This study concentrates on the discrimination and /or recognition of iso-
lated spoken pseudo-words and/or non-words in each of the four studies, and
on visual and spoken word and pseudo-word recognition in the two latter stud-
ies, where the results of children training phonemic length identification with a
computer game are reported. Words / pseudo-words were chosen as units be-
cause phonemic length is determined by a larger context than a single syllable -
as described above in section 1.4 - and sentence-level discrimination or identifi-
cation would have been too difficult to control for because of all the sentence-
related phonetic variables. Only pseudo-words and/or non-words were used in
the same-different judgment task and identification tests, whereas in the inter-
vention game in studies three- and four- word and pseudo-word minimal pairs
were used. Consequently, because they occurred in pairs, these were not in the
true sense isolated items in the discrimination and identification test paradigms
in which they were presented. However, the items were isolated in terms of an
absence of sentence context and, mainly, an absence of meanings. The items in
studies three and four were also orthographic and phonological neighbors, and
the length of the items was also taken into account.

Overall, the spoken and visual word recognition in this study is closely
linked to the top-down ideas of PGST and “radical” templatic phonology. It
seems also that Finnish dysfluent readers or children with reading disabilities
have problems in forming representations of whole word units. The same effect
is found with L2 learners of Finnish. Phonemic length and quantity is difficult
to learn without whole word or maybe even sentence level processing skills.
O’Dell (2003: 111) has suggested that a Finnish listener seems to hear speech
comprehensively (several phonetic features at the same time) and not just single
features of it. This aspect may be one reason for the difficulty of poor readers
and L2 learners of Finnish in learning phonemic length.

1.6.3 Theories on dyslexia

General speech perception and spoken and visual word recognition theories are
linked to theories on the causes underlying developmental dyslexia. The pre-
cursors and backgrounds of dyslexia have been widely studied over the past
several decades. First of all, it has been found that dyslexia has biological ori-
gins. Several candidate genes have been identified as linked to dyslexia (Taipale
et al., 2003: 11553; Kaminen et al., 2003: 340; Hannula-Jouppi et al., 2005: e50).
The ventral and dorsal streams in the brain are also crucial in conceptualizing
dyslexia. The ventral stream is involved in the processing of speech signals for
comprehension, whereas the dorsal stream is involved in translating acoustic
speech signals into articulatory representations that occur in the frontal lobe,
which is essential for speech development and normal speech production
(Hickok & Poeppel, 2007: 394). Poussu-Olli investigated the consequences of
biological, prenatal and early childhood illnesses. She studied 745 school begin-
ners, of whom 94 were diagnosed as dyslexics, while another 96 of the children
were chosen as controls with no reading or spelling problems. The pregnancies
of the mothers of the dyslexic children were more complex, there were nutrition
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problems, and labor was prolonged. These problems were associated with the
reading and spelling problems of the children in the first school year. The chil-
dren in the dyslexia group were more often ill before school age compared to
the control group, and illnesses were reflected in their behavior. Illnesses in-
cluded otitides, headaches, and allergies. (Poussu-Olli 1993; Poussu-Olli 1994:
108.)

It is commonly agreed that difficulties in phonological awareness is the
main factor behind dyslexia. These problems can result from speech perception
difficulties and poor speech sound representations and production, and the
problems are reflected in poor performance in tasks requiring participants to
blend, isolate, or manipulate speech sounds as well as in reading non-words
(i.e., phonological awareness). Psycholinguistic research indicates that an un-
stable or underspecified phonological representation in the mental lexicon is a
core deficit in dyslexia. (Brady, Shankweiler & Mann 1983: 345, 346, 360, 364,
365; Mody, Studdert-Kennedy & Brady 1997: 227; Snowling, Nation, Moxham,
Gallagher, & Frith 1997: 31; Elbro, Borstrom & Petersen 1998; 36; Goswami 2000:
134, 142-144, 146; Ramus et al., in press.) The recent study reveals that the 9-
year-old children with developmental dyslexia do not show enhanced MNN
amplitude to the native-vowel prototype, unlike the control group, suggesting
their impaired tuning to native-like speech representations (Bruder, Leppanen,
Bartling, Csepe, Demonet & Schulte-Kérne 2011: 1107). Dyslexics also have limi-
tations in performance of working memory, and problems with rapid retrieval
of phonological information from long-term memory. (Brady, Shankweiler &
Mann 1983: 345, 346, 360, 364, 365; Mody, Studdert-Kennedy & Brady 1997: 227;
Snowling et al. 1997: 31; Goswami 2000: 134, 142-144, 146; Goswami, Ziegler,
Dalton & Schneider 2003: 235.) In addition, researchers have argued that the
phonetic and acoustic similarities may cause accuracy problems in speech per-
ception (Adlard & Hazan 1998: 171; Snellings, van der Leij, Blok & de Jong 2010:
151; Studdert-Kennedy 2002: 11).

In principle, it is also possible that higher-level speech and phonological
processing problems stem from a more basic auditory impairment that is not
restricted to the processing of speech sounds. It has been proposed that children
with language learning impairments and children with dyslexia have difficulty
in processing brief and/or rapidly changing acoustic events in speech and non-
speech (e.g. Tallal 1980: 182,189, 194; Booth, Perfetti, MacWhinney & Hunt; 2000:
101; Reed 1989: 270; Witton, Stein, Stoodley, Rosner, & Talcott 2002: 866; Rich-
ardson, Thomson, Scott & Goswami 2004: 215), in other words, in the pro-
cessing of the dynamic envelope of speech (Goswami 2011: 3; Lehongre et al.
2011: 1080). Thomson, Fryer, Maltby & Goswami (2006: 334, 344) found that du-
ration discrimination predicted variance in reading and spelling in adults with
dyslexia. There were also group differences in intensity and rise time sensitivity,
contrary to the results of Richardson and colleagues (2004: 225-226). In the
Finnish context, Hari and Kiesild (1996: 138) found that adult dyslexics have
difficulties in the processing of rapid sound sequences. On the other hand, in
view of the fact that speech consists of other acoustic variations as well as brief
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transitions, the interactions of a variety of factors —such as intensity, fundamen-
tal frequency, and duration—may play a significant role in speech perception
(Serniclaes, Sprenger-Charolles, Carré & Demonet 2001: 396). Recently, Hamai-
ldinen, Salminen and Leppanen (2012: 1) published a meta-analysis on auditory
processing deficits in individuals with dyslexia. The data analysis showed that
frequency, rise time, duration discrimination, amplitude and frequency modu-
lation were most often impaired in this group. This suggests that auditory pro-
cessing aspect accounts for problems in phonemic length discrimination and
identification.

Three other theories also seek to explain the reasons behind dyslexia. The
visual theory or syndrome of dyslexia is characterized by a preponderance of
real-word paralexic errors which are visually (orthographically) but not seman-
tically related to the target word. Such an association problem could be the con-
sequence of a slow and inefficient phonological lexicon (Vellutino et al. 2004: 11)
or of a more general neurological timing problem preventing visual and audito-
ry-phonological areas from being activated at the same time (Breznitz 2002: 15;
Breznitz & Berman 2003: 247; Paulesu, Frith, Snowling, Gallagher, Morton,
Frackowiak & Frith 1996: 143). According to this hypothesis, dysfluent readers
have a deficit in storing words or parts of words in the orthographic lexicon as a
consequence of a lack of multiple, redundant associations between the single
graphemes and grapheme clusters of word spelling and the single phonemes or
larger morphophonological segments (e.g., syllables, morphemes, onsets, rimes)
of word phonology. Recent evidence in support of the theory is presented in the
studies by Facoetti, Ruffino, Peru, Paganoni & Chelazzi (2008), Facoetti, Corradi,
Ruffino, Gorgi & Zorzi (2010), and Hautala (2012).

According to the cerebellar theory, the dyslexic’s cerebellum is mildly dys-
functional, causing dysfunctional articulation via weak motor control, which
leads in turn to deficient phonological representations. The cerebellum plays a
role in the automatization of overlearned tasks, which, among other things,
would affect the learning of grapheme-phoneme correspondences. Finally, the
magnocellular theory of dysfunction attempts to integrate all the findings relat-
ed to the theories mentioned above. The magnocellular theory is not restricted
to the visual pathways alone but is generalized to all modalities, in other words
to the visual, auditory and tactile pathways. (Ramus, Rosen, Dakin, Day, Castel-
lote, & White 2003: 842-843.) The theory is nowadays closely linked to rapid
auditory processing and rise time that is, to issues addressed in the auditory
theory of dyslexia.

The causal paths leading to specific developmental disorders have come
under scrutiny in recent years. Pennington (2006: 404-406) introduced a multi-
ple cognitive deficit model of developmental disorders, suggesting that reading
and spelling problems can stem from cumulative risk rather than a single factor.
The role of a phonological deficit can, nevertheless, be regarded as central in
dyslexia. A child with this deficit is more likely to pass the diagnostic threshold
for dyslexia than children with intact phonological skills. (see also Snowling
2008: 142). Aro, Poikkeus, Eklund, Tolvanen, Laakso, Viholainen, Lyytinen,
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Nurmi & Ahonen (2009: 883) also found evidence of the accumulation of risk
factors in the group with familial risk for dyslexia studied in the Jyvaskyld Lon-
gitudinal Study of Dyslexia project. The risk factors were related to language,
phonological awareness, memory, rapid serial naming, visuomotor skills, and
parenting. Pennington, Santerre-Lemmon, Rosenberg, MacDonald, Boada,
Friend, Leopold, Samuelsson, Byrne, Willcut and Olson (2012: 212, 222) showed
evidence that a hybrid model is the best fitting model in explaining dyslexia. It
means that there are multiple possible pathways to dyslexia, some involving
single deficit and some involving multiple deficits.

In this study, the main idea is that there are different pathways to dyslexia,
while the results are consistent with the proposition of multiple deficits model,
and speech perception problems form background for it.

1.6.4 Phonemic length as a problem for children with familial risk for dys-
lexia

Difficulty with learning and perception of quantity and duration among chil-
dren with familial risk for dyslexia and/or with reading disabilities, and among
dyslexic adults was treated in altogether 15 studies or articles. All these studies
were published in connection with the JLD project (Lyytinen et al. 1995; Lei-
nonen et al., 2001). The first of these studies, by Lyytinen et al. (1995: 188, 190,
191; see also Lyytinen 1997), found that adults with dyslexia and with a familial
background for dyslexia made significantly more quantity errors in reading
pseudo-words and non-words than typically reading adults. The shortening of
vowels correlated significantly with pseudo-word reading, spelling, phonologi-
cal lexical decision time, and with rhyming errors.

The studies with the most relevance for the present research are those by
Richardson. She studied the perception and production of duration (phonemic
length) with newborns and six-month-old infants with familial risk for dyslexia
and their dyslexic parents. She showed that six-month-old infants at risk for
dyslexia required a period of silence of 40 milliseconds or more to perceive the
/t/ phoneme as crossing the categorical boundaries between short and long
duration (Richardson 1998: 1, 96-98, 136-137; Richardson et al., 2003: 391-395).
The duration of word medial consonants and word final vowels was longer in
dyslexic adults than controls in a production experiment. The same was ob-
served in 18-month-old at-risk infants (Richardson 1998: 1, 149, 163; Lyytinen,
Leppénen, Richardson & Guttorm 2003: 116-123; see also Richardson 1996; 1999;
Richardson, Haukkamiki & Leiwo, 2001, Richardson et al. 2009).

These behavioral findings were further supported in the JLD by brain re-
sponse measurements using event-related potential (ERP) techniques. Pihko,
Leppénen, Eklund, Cheour, Guttorm and Lyytinen (1999: 1, 4) studied the corti-
cal responses of newborns and six-month-old infants with and without a famili-
al risk for dyslexia. They differed from controls in their responses to the stand-
ard /kaa/ stimulus compared to deviant /ka/ stimulus at the age of six months.
The results suggest differences in brain activation patterns between the groups.
In the study by Leppédnen, Pihko, Eklund & Lyytinen (1999: 1), the rate of
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stimulus presentation was slower than in the former study. The ERPs to the de-
viant /ka/ were found to be different from those to the standard /kaa/ stimulus
already in newborns. In addition, clear group differences in ERPs were found.
The results suggest that infants born with high familial risk for dyslexia process
speech and auditory stimulus durations differently from control infants already
at birth. (See also Leppdnen 1999; Lyytinen et al. 2003: 124-135.)

Leppénen, Richardson, Pihko, Eklund, Guttorm, Aro and Lyytinen (2002:
407-408) studied the differences between 6-month-old infants with and without
a high risk for familial dyslexia by measuring brain electrical activation gener-
ated by changes in the temporal structure of speech sounds (consonant duration
changes). They found that the brain activation of the at-risk infants was atypical
for the same consonant duration changes observed as atypical in the behavioral
studies by Richardson (1998; Richardson et al. 2003; see also Lyytinen et al. 2008:
127). Leppdnen, Hamaildinen, Salminen, Eklund, Guttorm, Lohvansuu, Puola-
kanaho & Lyytinen (2010: 1362) also investigated pitch processing in newborns
with a familial risk background using ERPs and how these ERPs later related to
the same children's pre-reading cognitive skills and literacy outcomes. New-
born ERPs reflecting passive change detection were associated with phonologi-
cal skills and letter knowledge prior to school age and with phoneme duration
perception (phonemic length), reading fluency and spelling accuracy in the 2nd
grade. Results suggest that a proportion of dyslexic readers with a familial risk
background are affected by atypical auditory processing.

The study by Hamiildinen, Leppénen, Eklund, Thomson, Richardson Gut-
torm, Witton, Poikkeus, Goswamié& Lyytinen (2009: 511-512) focused on audi-
tory and speech perception abilities among 9-year-old Finnish children with
and without reading disabilities, and the associations between auditory, speech
perception, reading, and spelling skills. The results showed significant group
differences in phoneme duration discrimination (phonemic length) but not in
perception of amplitude modulation and rise time. Children with problems in
rise time processing also had problems in phoneme duration discrimination
and spelling. They suggest that difficulties in auditory processing could affect
speech perception skills, leading in turn to phonological processing problems
and dyslexia, at least in some children with reading disabilities. In the most re-
cent study, Leppdnen, Hamildinen, Guttorm, Eklund, Salminen, Tanskanen,
Torppa, Puolakanaho, Richardson, Pennala, Lyytinen (2012: 35) conclude that
atypical auditory and speech processing is not likely to be a sufficient reason by
itself for dyslexia but rather one endophenotype or risk factor.

These results yield information about the difficulties children with reading
disabilities, and with a familial risk background, have in the processing of pho-
nemic length and duration. Dyslexics have problems in discriminating the
quantity degree and they also produce durations that are longer than those
produced by control subjects, at least in certain positions in a word/pseudo-
word. These results have been reported for infants and children as well as for
adults with dyslexia. Dyslexic adults also seem to have problems in accurately
reading quantity. However, this phenomenon is not strictly language-specific:
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Gibbon (2007: 255) states that in general, children with phonological disorders
vary in their ability to discriminate between phonological contrasts that they do
not produce in expressive phonology.

This study continues the tradition of these studies by investigating prob-
lems in phonemic length discrimination and identification and their connec-
tions with reading and spelling skills in children with poor reading skills and
with familial risk for dyslexia, and with Russian L2-learners of Finnish.

1.6.5 Theories on second-language learning

As with dyslexia, there are also several theories behind second-language learn-
ing. In this section, I first describe them briefly and then assess their relative
importance for the theories of studies comprising this dissertation.

The critical period for learning a first language is the period during which
individuals must be exposed to language interaction if they are to acquire lin-
guistic competence. The language systems acquired are, in chronological order,
prosody, phonology, morphology, and syntax (including syntactic features of
the lexicon). (Paradis 2004: 59.) The language-specific representations for the
phonemes of the mother-tongue are developed during early infancy. (Cheour,
Ceponiene, Lehtokoski, Luuk, Allik, Alho & Né&adtdanen 1998: 351). Research evi-
dence suggests that infants who are exposed simultaneously to two languages
develop phonotactic sensitivities at the same rate as monolinguals (Schwartz &
Kroll, 2006: 973). The optimal period for becoming bilingual is thus during the
first year of life, because by the end of it the native speech perception skills have
begun to show improvement, and non-native speech perception has begun to
decline (Cheour-Luhtanen, Alho, Kujala, Sainio, Reinikainen, Renlund, Aalto-
nen, Eerola & Niidtianen 1995: 55, 56; Cheour et al. 1998: 353; Kuhl et al. 2008:
979). At approximately the age of 6 months infants are able to discriminate non-
native speech contrasts without relevant experience to them (Werker & Tees
1984: 49, 61; Jusczyk, Friederici, Wessels, Cvenkerud & Jusczyk 1993: 418). It has
also been suggested that learning a new language is more difficult after the age
of 12 years (Abrahamsson & Hyltenstam 2009: 249). To mention one study,
Flege, Schmidt & Wharton (1996: 143) found that early Spanish L2 learners of
English are more likely to establish new phonetic categories for stops compared
to late bilinguals.

In the field of L2 research, there are two distinct views related to the rep-
resentation of two languages in one mind. One is the suggestion that the two
languages are combined together in the learner’s brain, while the other propos-
es that the speaker has two separate systems, one of which is be activated ac-
cording to the situation. The research traditions of L2 speech perception can be
subsumed under one or other of these two theoretical viewpoints. (Peltola 2010:
163, 164, 166.) The single storage system hypothesis states that there is one sys-
tem but two input and two output channels, one for each language. The sepa-
rate storage hypothesis states that bilinguals have two independent language
storage and retrieval systems, the only communication channel being a transla-
tion process between the two separate systems. (Baker 2007: 150.) In accordance
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with these to hypotheses, there exist at least six different models which purport
to explain L2 sound perception. These are all conceived in relation to first lan-
guage acquisition; however, because LI acquisition is not the focus of this study,
the models are introduced mainly in terms of L2 speech perception.

The first (1) model is Major’s Ontogeny Phylogeny Model (OPM). He pro-
poses that L1 and L2 acquisition are aided by a set of innate linguistic univer-
sals which provide the L1 learner with a head start. These are universal gram-
mar, learnability principles, markedness, underlying representations, rules pro-
cesses, constraints and stylistic universals. L2 learners are faced with three
learning scenarios, “normal”, “similar” or “marked”, depending on the linguis-
tic phenomena to be learned. “Normal” means that the L2 phenomena are dis-
similar from those of the L1 and not typologically rare, in which case learning is
easier than in the other two scenarios. “Normal” refers to a decrease in the in-
fluence of the L1, an increase and then a decrease in the influence of the univer-
sal component, and an increase in the influence of L2. Whereas “normal” means
that the L2 is acquired, “similar” and “marked” mean that the learner’s system
is still developing under the three states mentioned in the theory. (Major 2002:
76.)

The second (2) model is Brown’s Phonological Interference Model (PIM). It
assumes that phonemes have an internal structure composed of a hierarchy of
phonological features which are contained in the phonological component of
Universal Grammar. She states that general auditory discrimination mapping
can be broken down into universal phonetic categories. These phonetic stimuli
are then processed at the second level, comprising the speaker’s feature geome-
try, or phonological structure (phonemic categories). According to Brown, the
L1 phonological grammar mainly maps the L2 input onto existing phonological
categories. (Brown 1998: 148.)

The third (3) model is Best’s Perceptual Assimilation Model (PAM). It was
developed by Best & Strange (1992) and focuses on phonemic contrasts in the
second language system. It argues that an adult listener has no mental represen-
tations for perceiving speech; rather, he/she directly seeks and extracts from
the speech signal patterns of articulatory gestures and gestural constellations
that are similar to those in the L1. If a listener perceives discrepancies between
native and non-native phones, he/she cannot perceive a direct correspondence
between the articulatory-gestural properties of the native and non-native
phones. Listeners tend to assimilate non-native sounds to L1 categories as a
function of their similarity with L1 sounds. There are four patterns by which the
L2 categories can relate to the L1 phonemes: 1) two L2 categories are assimilat-
ed to two native categories; 2) both the non-native phonemes may be assimilat-
ed equally well or poorly to a single native category; 3) the non-native sounds
may be too discrepant from the gestural properties of any native categories to
be assimilated into categories of the native phonology and should therefore be
perceived as non-speech sounds; and 4) the non-native pair may both be assimi-
lated to a single native category, yet one may be more similar than the other to
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the native phoneme (Best & Strange 1992: 28-29; Best 1994: 190, 191; Best 1995:
193-195.)

The fourth (4) model is Kuhl’s Native Language Magnet theory (NLM), in-
troduced above in chapter 1.6.1. In the NLM theory, the similarities and differ-
ences between the L1 and L2 are seen from the point of view of prototype com-
patibility: if the prototypes are identical, learning is expected to be relatively
easy, but if they are acoustically different, learning may be difficult. In other
words, the native language prototypes attract the wrong sounds to the group
and the learner fails to distinguish the sounds of the new L2 system from each
other, because they are members of the same category in the first language
(Kuhl 1991; 1992, 2008: 979).

The fifth (5) model is the Speech Learning Model (SLM) developed by
Flege. It primarily concerns L2 pronunciation, and hence focuses on bilinguals
who have spoken their L2 for many years. A basic assumption of the model is
that many L2 production errors have a perceptual basis. The SLM states, first,
that the L2 sounds in the target language may be dissimilar from the native
phonemes. In this case the target language sound is classified as new. The
greater the perceived distance is of an L2 sound from the closest L1 sound, the
more likely it is that a separate category will be established for the L2 sound.
Also the earlier L2 learning commences, the smaller will be the perceived pho-
netic distance needed to trigger the process of category formation. Second, the
two languages have either identical or highly similar categories, and conse-
quently the target category is said to be identical. Learning is not a major obsta-
cle in this case. Third, the L2 sound may not be identical to any L1 sound, but
the relation can be characterized by the term similar and this difference causes
severe problems. An assumption that SLM makes is that the phonetic systems
used in the production and perception of vowels and consonants remain adap-
tive over the life span, and that phonetic systems reorganize in response to
sounds encountered in an L2 through the addition of new phonetic categories,
or through the modification of old ones. (Flege 1988; Flege 1995: 237-238, 233,
263, 264; Flege 2003b: 12; Flege & MacKay 2004: 5-6.)

The final, sixth (6) model is the Linguistic Perception Model (LP). It is em-
bedded in the framework of functional phonology (Boersma 1998). It claims
that cognitive linguistic knowledge underlies speech perception. The L2 version
of the model states that the L2 perception is handled from the beginning by a
separate perceptual system which began as a copy of the L1 system but evolves
along with experience of the L2 (Escudero & Boersma 2004: 582; Escudero 2007:
124-128).

Strange (2011: 456, 465) has recently introduced a working model (7) of
first and second language speech perception, titled the Automatic Selective Per-
ception (ASP) model. Strange describes speech perception as purposeful, in-
formation-seeking activity whereby adult listeners detect the most reliable
acoustic parameters that specify phonetic segments of their L1 using selective
perception routines. In contrast, late L2 learners have to employ greater atten-
tional resources in order to extract sufficient information to differentiate pho-
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netic contrasts that do not occur in their L1. He describes two modes of percep-
tion — a phonetic mode, in which the details of the articulatory realization of
phonological segments are consciously available to the perceiver, and a phono-
logical mode, by which word forms are recognized rapidly with little cognitive
effort.

The L2 learners of the present study were approximately seven years old,
and were thus still at the biological stage where learning a second language is
relatively easy. The most well-known L2 speech perception models may be the
ones of Best, Kuhl and Flege. In the present research context, the thinking of
Patricia Kuhl may be the most appropriate as the interest is on categorical per-
ception, discrimination of phonemic length, identification of quantity degree,
and on training with prototypical word and pseudo-word forms. However, in
relation to the L2 learners of Finnish, the thinking of Best and Flege also con-
tribute to the theoretical background of this study.

1.6.6 Phonemic length as a problem for Russian second-language learners of
Finnish

Studies on the acquisition of Finnish quantity by L1 Russians provide the major
reference point and background for the studies reported in this dissertation.
The first is a study by Vihanta (1990: 204, 206, 212-214), who, although not spe-
cifically concerned with L1 Russians, introduces the importance of teaching
Finnish phonetics to foreign and second language learners of Finnish. He ar-
gues that prosodic features have an effect on the foreign accent of L2 learners,
and in general they are the most difficult aspects of a language to learn. He also
describes the difficulty of learning the Finnish quantity opposition if there is no
such feature in the L2 learner’s native language, which is the case, for example,
in Russian.

The study by de Silva (1999: 1, 82-84, 88, 91, 168, 174) focuses on pronun-
ciation differences on the word level between Russian and Finnish adults. Ac-
cording to her results, interference from Finnish leads to two degrees of length
in Finnish L2 learners of Russian: very long and very short. Vowel duration to-
gether with durational differences in consonants, whose durational distribution
is greater in the pronunciation of Finnish, interfere with the rhythmic structure
of single words in Russian. The study also shows the importance of the teaching
of phonetics to foreign or second-language learners of Finnish. A case study
with Russian L2-learner of Finnish by Nenonen (2001b: 30) also shows that the
long sounds of Finnish are mostly produced as too short, and that short vowels
are lengthened by word stress. There are also cases where short vowels occur as
overlong.

Nenonen (2001a) studied the perception of vowel length by Russian
school-aged children learning Finnish. She found that long stressed vowels dis-
turb the perception, and a geminate has an effect on the perception of a long
vowel following the consonants. This is because the geminate violates the
learners” L1 word structure. Native language, word structure, and task type
also had effects on the learners” perception of vowel length. Ylinen (2006) stud-
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ied the cortical representations of Finnish phonological quantity in native
speakers and Russian L2 users of Finnish by using behavioral and electrophysi-
ological methods. Mismatch negativity (MMN) was used to compare the neural
representation for quantity between Finns and L2 users of Finnish. The results
showed that Finnish speakers” MMN response to quantity was determined by
the activation of native-language phonetic prototypes rather than by phoneme
boundaries. (Ylinen, Shestakova, Huotilainen, Alku & Na&dtanen 2006: 175.)
Finns seemed to process phoneme quality and quantity independently in sepa-
rate brain representations (Ylinen, Huotilainen & Nadtdnen 2005: 1857). The
MMN response to duration or quantity-degree changes was enhanced in a
speech sound but this was not found with Russians (Nenonen et al. 2003: 492).
The duration of the MMN response was, however, native-like for an L2 vowel
different from any in their mother-tongue (Nenonen, Shestakova, Huotilainen
& Nadtanen 2004: 26). She concludes that it may take a long time for Russian L2
learners of Finnish to develop the representations for quantity and duration
category boundaries in the brain (Ylinen et al. 2005: 313). (Flege 1998: 24; for a
review see Ylinen 2006.)

1.7 Computer-based phonological intervention

Studies IIl and IV concentrate on learning and training of Finnish phonemic
length with computer-based software. Therefore the background to the phono-
logical intervention is discussed in this section.

During the last two decades, the incorporation of speech technology into
linguistic and applied linguistic inquiry has begun to yield major results in re-
search and practice. Technology has been used for many decades in phonologi-
cal research as well as in teaching phonetics, phonology, and pronunciation.
(Chun, 2006: 274.) Learning games have been used in preventing reading disa-
bilities in preschool education, and games have been demonstrated to be effec-
tive in training phonological skills, for example discrimination of sounds and
recognition of pseudo-words/non-words (Lyytinen 2004: 169; Torgesen &
Barker 1995: 76; ). Phonologically based interventions seem to be at their most
promising in preventing reading and spelling problems among dyslexics. An
increasing number of evaluation studies report beneficial effects of phonologi-
cal training on reading performance (Snowling & Nation 1997; Swanson 1999;
Wise, Ring, & Olson 1999; 2000; Hatcher 2000; Lovett, Lacerenza, Borden,
Frijters, Steinbach & De Palma 2000; Torgesen, Alexander, Wagner, Rashotte,
Voeller & Conway 2001; Pogorzelski & Wheldall 2002; Tijms, Hoeks, Paulussen-
Hoogeboom & Smolenaars 2003). Computer games have also been used in the
special education and training of immigrants in Finland. This environment has
enhanced learners’ motivation to train the contents at hand. (Rantanen,
Kankainen, Latvala & Lyytinen 2008.) Examples of the training of Finnish quan-
tity in Dutch children and adults were earlier in section 1.4.4 (Heeren 2006;
Heeren & Schouten 2008; 2010).
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“Edutainment” games (education + entertainment) began to emerge about
two decades ago. Their aim was to combine the entertainment of games with
the educational purposes of school. (Jalonen 2003: 8.) The intervention game
used in this study - Graphogame - is one example of an edutainment game. The
original version of the game was designed in 2002 at the University of Jyvéskyld,
and has since been further developed in collaboration with the Niilo Maki
Foundation (Lyytinen, Erskine, Kujala, Ojanen & Richardson 2009: 671). The
idea for the game came from research on reading development, and specifically
from finding the bottlenecks for those who have specific problems in learning to
read. The basic Graphogame provides training opportunities for associating
speech sounds with letters or larger units. The findings of efficacy studies show
that by training with Graphogame alone, even children who found learning
difficult can acquire letter-sound correspondences after only a few hours of in-
dependent playing (Lyytinen, Ronimus, Alanko, Poikkeus & Taanila 2007: 119,
123; Lyytinen et al. 2008: 135-137; Saine, Lerkkanen, Ahonen, Tolvanen & Lyyt-
inen 2011: 1017-1020, see also Richardson, Aro & Lyytinen 2011). The game is
now widely used in schools, but can also be used at home (see “Lukimat”). It is
also in use on mobile phones by African children.

Four dissertation studies have used Graphogame as a methodological tool
in an intervention. The study by Huemer (2009: 3) concentrated on training
grapheme-phoneme conversion in 1%t grade Finnish-speaking poor readers, and
on training reading speed in Finnish and German poor readers. The Finnish
children improved their letter-sound knowledge, and the computer game en-
hanced global reading speed, as also did general assisted reading practice. It
was also found that using sub-lexical units, such as consonant clusters and syl-
lables enhance reading speed, and enable generalization effects. It has been ar-
gued that training with larger stimulus sets may better generalize to new stimu-
li, as this renders participants less likely to form erroneous category representa-
tions based on perceptually salient cues. Training with larger stimulus sets
could teach listeners to more efficiently focus attention on the critical acoustic
cues instead of irrelevant variation. (Iverson, Kuhl, Akahane-Yamada, Diesch,
Tohkura, Kettermann & Siebert, 2003: B54.)

Ketonen (2010: 97) conducted a game-based intervention study compris-
ing six children with familial risk for dyslexia and with phonological problems.
The children were drawn from the JLD project. The training was carried out
during preschool or 15t grade. The results showed that the six-month phonolog-
ical and letter-sound knowledge intervention trained the letter-sound
knowledge of the children. The training did not have an effect on the later read-
ing and spelling skills of the children.

Saine (2010: 3) studied the reading development of children at-risk for
dyslexia among Finnish school beginners. The group that received the comput-
er-based intervention with Graphogame reached mainstream level in letter
knowledge, reading fluency, accuracy, and spelling accuracy, and their
achievement continued to be visible the 34 grade in letter knowledge, phono-
logical awareness and naming speed. However, in her study, the at-risk group
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comprised the lowest achieving 30 % of children in the age group, and thus it is
plausible that these children were not all at true risk for reading disabilities, as

the prevalence of the reading disability in the general population is much lower
(see for example Hulme & Snowling 2009: 37-40).

Ronimus (2012: 3) focused on the motivational side of the game in her dis-
sertation. Her results revealed that the game’s reward system increased the
time spent playing the game. Moreover, the school environment was more mo-
tivating than the home environment. Interest in reading and lack of previous
experience with Graphogame also had a positive influence on the children’s
enjoyment of the game. In connection with this result, Peltola, Kujala, Tuo-
mainen, Ek, Aaltonen & Naatdnen (2003: 25) concluded in their L2 study that
learning in a classroom environment may not lead to the formation of new
long-term native-like memory traces.

There are several other factors that may be problematic in intervention
studies. For example, children with a family history of reading difficulties are
less responsive to interventions designed to provide the skills required for read-
ing development than children not at similar family risk (Ketonen 2010). The
tests may also be problematic: the effects of using the same test in pre- and post-
assessments, or environmental distractors, for example noise in the school envi-
ronment, should be considered. Also, when evaluating the post-assessment re-
sults, it should be noted that the effects may be stronger immediately following
the intervention than, for example, one year afterwards. In fact, such results are
typical of intervention research in which powerful interventions are followed
by a period of time in which the intervention is no longer available (Scammaca,
Vaughn, Roberts, Wanzek & Torgesen 2007: 31; Shanahan & Barr 1995: 978-979.)

In the JLD, one intervention study used Graphogame as a part of lan-
guage-oriented training with 3rd grade reading-disabled children with familial
risk for dyslexia. The other training paradigm of the study was conducted pure-
ly with auditory stimuli. One component of the language-oriented training was
computer-based training in the duration of speech-sounds. This training para-
digm was auditory sound-based throughout, but without speech sounds. The
results showed that the language-oriented training had an effect on the reading
accuracy of the children, but not on their reading fluency. In the follow-up as-
sessment the effects were the same, diminishing only in the reading of the
pseudo-word text in the language-oriented training group. (Oksanen 2012: 4.)

In the present study, we used minimal pairs in the phonemic length iden-
tification training. This was justified by the fact that the minimal pair contrast is
probably the best known and most widely studied phonological training tech-
nique, partly because it typically involves a game format presenting pairs of
words that the child basically produces as identical (i.e., homophonous). The
minimal pair method was first introduced in speech therapy by Weiner (1981:
97). Through contexts that focus on minimal pair distinctions, children learn the
communicative importance of producing contrasts that are sufficiently distinct
for listeners to detect. (Gibbon 2007: 264.) Minimal pairs have been widely used
in auditory and phonetic L2 training (for example: Jamieson & Morosan 1989:
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88, 90; Kawai & Hirose, 1997: 657; 2000: 131; Hardison 2005: 579, 585; Iverson et
al., 2005: 3268-3269; Iverson & Evans, 2009: 868-870).

1.8 Aims of the study

This study sought to answer the following questions: a) What are the conse-
quences of phonemic length discrimination ability problems and their connec-
tion with reading and spelling skills in Finnish children with familial risk for
dyslexia (Studies I and II)? b) Is the multiple deficit model the best model to
describe development leading to dyslexia (Study II)? c) Is the perception and
learning of phonemic length in the Finnish language more difficult for children
with a familial risk for dyslexia or for Russian L2 learners of Finnish (Study III),
and do these processes have the same backgrounds and roots? d) What is the
best prototype of phonemic length in Finnish (Study IV)? A further aim was to
conduct a pilot study of quantity training using Graphogame (Studies III and
IV). The four studies are briefly described in next section. These questions are
also discussed in the general discussion section.
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2 SUMMARY OF THE STUDIES

21 Studyl

The main aim of the first study was to examine the ability of Finnish children
with familial risk for dyslexia and with and without reading disabilities, and
controls without familial risk to discriminate phonemic length. The focus was
on the developmental span of discrimination ability and its associations with
reading accuracy, reading speed, and spelling accuracy in grades 1, 2, and 3
after taking into account the variance explained by more traditional markers of

dyslexia, i.e. verbal short-term memory, phonological memory, naming speed,
and verbal 1Q.

2.1.1 Methods

All the participants were drawn from the Jyvéskyld Longitudinal Study of Dys-
lexia (JLD) sample (Lyytinen et al., 2001; Lyytinen et al., 2004; Lyytinen et al.,
2008). From this sample (N = 199), 184 were included in this study. The children
were allocated to one of three groups according to their reading skills, i.e., chil-
dren with Reading Disabilities (RD) or Typical Readers (TR) at the end of the
2nd grade, and according to their family risk status, i.e., Family Risk (FR) or no
family risk, i.e. the Control group (C). There were 35 children in the RDFR
group, 69 children in the TRFR group, and 80 children in the TRC group.

The ability to discriminate phonemic length was assessed at the end of
grades 1, 2 and 3. The task consisted of 3 pseudo-word and 19 non-word® pairs
with an inter-stimulus interval ISI of 1000ms. The stimuli for the task were nat-

6 The difference between pseudo-words and non-words was that pseudo-words share
the phonology and follow the phonotactic rules of Finnish, but have not been en-
countered previously as words. Non-words do not share the phonology of Finnish
and are devoid of meaning. In addition, the criterion of a non-word is that if one
phoneme of the item is changed to other phoneme with the same place of articulation
as the original one, the item cannot be encountered as a Finnish word. For example,
/raameli/ > [/laameri/ or /laameli/.
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ural speech sounds. Twelve of the pseudo- and non-word pairs differed from
each other in phonemic length. The remaining 10 pairs were identical. The task
required the participant to decide whether the two stimuli were identical or not,
and included three practice pairs. D prime (4) values were used to eliminate the
occurrence of possible response biases by taking into account both hits and false
alarms instead of the sum of correct responses.

Verbal short-term memory, naming speed, and 1IQ were tested in the 2nd
grade. Phonological memory was tested at the end of the 34 grade. Multivariate
analysis of variance (MANOVA) for repeated measures was used for the group
comparisons through grades 1, 2 or 3. Group differences at each grade level
were further tested with a one-way analysis of variance (ANOVA). A chi-
square test was used to examine whether there were group differences (be-
tween the RDFR, TRFR and TRC groups) in the number of children who had
problems in zero, one, two, or three of the following skills: verbal IQ, verbal
short-term memory and rapid serial naming in the 2nd grade. Pearson correla-
tion coefficients were used to examine the connections between discrimination
ability and reading accuracy and speed, as well as spelling accuracy. Hierar-
chical stepwise regression analyses were used to examine the variance ex-
plained by the ability to discriminate phonemic length in reading and spelling
skills after controlling for verbal short-term memory, phonological memory,
and rapid serial naming.

2.1.2 Results

All three groups developed in their discrimination ability from grade 1 to grade
3. RDFR made more errors in phonemic length discrimination than TRC in
grades 2 and 3. TRFR differed from TRC only in the 3rd grade. Discrimination
ability in the 1st grade explained reading accuracy in grade 3 in RDFR group,
and 2nd grade discrimination ability explained unique variance of spelling accu-
racy in grades 2 and 3 in RDFR group. The association was particularly strong
in spelling accuracy in the 27 grade (AR2 = 0.21). At the individual level in the
2nd grade, 31.4 % of RDFR, 14.7 % of TRFR, and 8.8 % of TRC performed below -
1.25 standard deviations in the discrimination task.

2.1.3 Discussion

Phonemic length discrimination was the most challenging for dyslexic readers
with familial risk for dyslexia and it was related to reading and spelling accura-
cy skills. Problems in discrimination ability indicate of compromised speech
perception, and the results indicated that problems in this ability could be one
of the accumulating risk factors affecting development leading to dyslexia
among Finnish children.
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2.2 Study II

In the second study, we continued the research on phonemic length discrimina-
tion problems among children with reading disabilities and with a familial risk
for dyslexia, and among control children with typical reading skills and with or
without familial risk in the 2nd Grade. We wanted to determine whether the
ability to discriminate phonemic length has an effect on reading accuracy and
fluency, spelling accuracy and quantity, and on other than quantity errors in
reading and spelling among these three groups of children. We also studied
differences in the accumulation of problems in pre-reading skill areas between
the children with familial risk for dyslexia, with reading disabilities and with or
without problems in discrimination ability. Third, we studied whether discrim-
ination ability explained reading accuracy and fluency, and spelling accuracy
after taking into account the effect of the accumulation of problems in the pre-
reading skill areas among the children with familial risk for dyslexia and with
reading disabilities.

2.2.1 Methods

All the participants (n = 180) were members of the Jyvéskyld Longitudinal
Study of Dyslexia (JLD) (Lyytinen et al., 2001; Lyytinen et al., 2004; Lyytinen et
al.,, 2008). The dyslexia criterion was applied in both the 2nd and 34 grade, with
the result that there were five children more in dyslexia group than in the first
study. The children were allocated into three groups: children with Reading
Disabilities and with Discrimination Problems (RDDP, n = 13), children with
Reading Disabilities and with Typical Discrimination abilities (RDTD, n = 27),
and children with Typical Reading skills (TR, n = 140). They were assessed at
ages 1.0-6.5 for language, phonological awareness, verbal memory, and rapid
automatized naming, for IQ at age 5.0, and for IQ, discrimination ability, read-
ing and spelling skills in the 2nd grade. Statistical differences and relationships
of measures were examined on a group level with one-way analysis of variance
(ANOVA) with post-hoc pairwise comparisons, and with Pearson’s Chi-Square
test. Regression analyses were carried out among the reading-disabled children
(RDDP and RDTD groups) to determine the effect of discrimination ability
problems on reading accuracy and fluency and spelling accuracy after control-
ling for the accumulation of problems in pre-reading risk areas. The accumula-
tion of risk areas was included in the model in the first step and phonemic
length discrimination in the second step.

2.2.2 Results

The typically reading children (TR) were significantly better than the other two
groups in all the reading measures except quantity errors in text reading. The
at-risk children with reading disabilities and with discrimination ability prob-
lems (RDDP) were poorer than the at-risk children with reading disabilities and



63

without the discrimination problems (RDTD) only in quantity errors in pseudo-
word text reading. Interestingly, RDTD, but not RDDP group, was poorer than
TR group in reading fluency of the pseudo-word text. TR group performed bet-
ter than the other groups in all the spelling accuracy measures except in other
than quantity errors in the spelling of words, where it differed only from RDDP
group. The RDDP group was poorer than RDTD group in all the spelling accu-
racy measures, with large effect sizes, except in other than quantity errors in the
spelling of non-words, where the groups did not differ from each other. Pre-
reading skills (early language, phonological awareness, verbal memory and
rapid automatized naming) were poorer in RDDP than RDTD group. Discrimi-
nation ability explained spelling accuracy after the accumulation of risk areas
had been taken into account, and the accumulation of risk areas explained read-
ing fluency of pseudo-word text reading when it was entered in the model in
first step. In the regression analysis, none of the measures explained reading
accuracy in the 2nd grade.

2.2.3 Discussion

Commonly known pre-reading skills were connected to poor reading skills but
having problems in phonemic length discrimination ability enhanced the effect
of other risk areas, making spelling problems more severe among the Finnish
children with reading disabilities and with familial risk for dyslexia in the 2nd
grade. Discrimination problems are related to different reading and spelling
profiles of dyslexia. In this sense, problems in phonemic length discrimination
are also a clear risk factor for dyslexia.

2.3 Study III

The third, longitudinal study”, was conducted with two 1%t graders, a normally
developing Russian-speaking L2 learner of Finnish and a native speaker with
reading disabilities. Both children had difficulties in identification of Finnish
vowel quantity degrees. Previous studies have shown that quantity is difficult
for Russian L2 learners of Finnish because it functions differently in the two
languages. There was also evidence that perception of quantity distinctions can
be problematic for native Finnish children with reading disabilities. We focused
on the identification of /a/vowel phonemic length in a pseudo-word context.
All the quantity distinctions occurred at the end of the pseudo-words, and the
geminate /kk/ preceded them (for example kekka - kekkaa®). We were interested

7 The home university of Sari Ylinen is university of Helsinki. (See the cover page of
article).

8 The item /kekkaa/ is actually a spoken form of the Finnish verb /keksid/ (invent).
None of the children recognized /kekkaa/ as an actual word. The use of the spoken
form of the word is not in the list of 9996 most frequent words used in newspapers,
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in whether computer-assisted training improves the perception of vowel quan-
tity, general phonemic length discrimination ability and vowel length discrimi-
nation ability. We also studied whether the training has effects on reading and
spelling accuracy and on the reading speed of vowel quantity. We further stud-
ied whether the training has effects on the accuracy of grapheme-phoneme cor-
respondences, writing of letters, phonological awareness, reading speed and
accuracy, and spelling accuracy.

2.3.1 Methods

Children’s cognitive abilities and language competence were assessed in pre-
and end-measurement point and in follow-up measurement point. The children
were tested for letter naming, sound naming, letter spelling, phonological
awareness, discrimination of /a/ vowel quantity, discrimination of general
phonemic length, naming speed, reading fluency and accuracy, spelling, 1Q,
expressive vocabulary, receptive vocabulary in Russian (with the Russian-
speaking child), spelling and reading of pseudo-words with /a/ vowel quantity,
and reading speed of non-words (together with pseudo-words with /a/ vowel
quantity).

Vowel phonemic length identification ability was assessed seven times
during the period, four times before the intervention, and three times after the
intervention with pseudo-words /kekka-kekkaa/ and /parsikka-pariskkaa/(see
Figures 1-2). The children received computer-assisted identification training
(Ekapeli (Graphogame), see Hintikka, Aro & Lyytinen, 2005: 158-159, 163; Lyyt-
inen et al., 2009: 671) on Finnish phonological quantity with words and pseudo-
words ending with the syllables /-ka/ and /-kaa/. Vowel duration was modi-
fied with Praat-software (Boermsa & Weenink 2005). The /a/ vowel durations
were prototypical for their quantity category in the game (see examples of the
spectrograms and oscillograms of prototypical sounds in Figures 3-6). The cut-
off criterion for poor identification ability, as indicated by the quantity category
boundary, was a d” z-score of -1.0, which was set by the performance of the age
standard group (N = 37). The children also received training by means of letters,
syllables and word forms.

and is thus relatively infrequent. The word /keksii/ is ranked 1653 on the list (Suo-
men sanomalehtikielen taajuussanasto.)
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FIGURE1 Perception of duration of item-final vowel /a/in items /kekkaa-kekkaa/ in the
norm value test with 37 children from Jyvéskyld, Finland.
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FIGURE 2 Perception of duration of item-final vowel /a/ in items /parsikka-parsikkaa/ in
the norm value test with 37 children from Jyvéaskyld, Finland.
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2.3.2 Results

After the training sessions, the Russian-speaking L2 learner performance re-
sembled the age standard group in the phonemic length identification task
whereas the reading-disabled L1 speaker reached this level only at the follow-
up measurement point. The L2 learner improved his overall performance in the
general phonemic length discrimination task after the training whereas the L1
speaker’s performance in discrimination of /a/ vowel phonemic length only
showed improvement at the follow-up measurement point. The L1 learner per-
formed poorly in the general phonemic length discrimination task after the in-
tervention. The L2 learner also improved accuracy in reading and spelling accu-
racy of quantity, grapheme-phoneme correspondence, spelling of graphemes,
and phonological awareness. The L1 speaker improved overall accuracy in
reading fluency and spelling of quantity.

2.3.3 Discussion

The results reveal that perception of phonemic length may be more difficult to
remediate in reading-disabled L1 learners (i.e., from biologically compromised
background) than in Russian speaking L2 learners of Finnish, whose perfor-
mance reflects insensitivity to the specific feature to be learned due to the dif-
ference of the phonological systems between L1 and L2. However, the results of
this case study cannot be generalized to the population level. The main purpose
of the study was to provide a new perspective for quantity research and for fu-
ture studies involving quantity training both in native children with reading
disabilities and in L2 learners of Finnish.

24 Study IV

In the fourth study, we focused on computer-assisted training of vowel quanti-
ty in four 1t grade Russian-speaking L2 learners of Finnish who had problems
in vowel quantity identification before training. The quantity degree varied in
the end of the stimuli. The training included two- and three-syllable word and
pseudo-word minimal pairs. Each of these game streams included two levels of
minimal pairs with larger and smaller differences in the duration of the vowel
/a/. We studied whether there were statistically significant differences between
the streams and between words and pseudo-words. We then studied whether
there were differences between minimal pairs with larger and smaller duration
differences, and studied whether the identification of short vowels was easier to
learn than that of long vowels. Finally, we studied whether the training had
effects on the identification of /a/ vowel quantity degree in final position in
two- and three-syllable pseudo-words.
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2.4.1 Methods

N was constructed from the answers of the children in the game. The identifica-
tion of quantity degree was assessed in pre-, end-, and follow-up measurement
points. Pre-measurement took place before the training, end-measurement after
the training, and the follow-up measurement six months after the training when
the children were in the 2nd grade. The phonemic length training was carried
out in four game streams with two- and three-syllable word and pseudo-word
minimal pairs by beginning with two-syllable words and continuing with
pseudo-words of the same syllable length (for example /kukka-kukkaa/a flower’
and a partitive case form of the word). Each stream included two levels of min-
imal pairs with larger and smaller differences in the duration of item-final /a/.
Thus the game comprised a total of 16 minimal pair levels. The game started
with testing letter names and sounds and then continued with the training of
letter-sound correspondences, a simple word-forming task and an auditory de-
tection task. The game also included a word-forming task, syllable identifica-
tion task and auditory detection between the game streams.

Wilcoxon Signed-Rank Tests were used to determine whether there were
differences in the correctness of streams, words and pseudo-words, minimal
pairs with larger and smaller duration differences in /a/ vowels, and long and
short /a/ vowel durations in different items. Levels 1 and 2, and 3 and 4, were
analysed together. z d’' values were used to determine whether the children had
improved their performance in the identification of pseudo-word-final /a/
vowel quantity degree identification after the game. Input values were partly
used because one child had missing data due to the difficulty of some quantity
streams. The items would seem too difficult without including input values.
The mean of the variable was used as an input value in SPSS.

2.4.2 Results

Accuracy in identification of quantity degree was lowest in the two-syllable
words and highest in the three-syllable pseudo-words. The accuracy of identifi-
cation of quantity degree was higher in the minimal pairs with larger than
smaller differences in duration. Accuracy scores were lower for long duration
than for short duration. When short and long vowels were studied separately,
they were both significantly more difficult to identify among words compared
to pseudo-words. Overall, words were more difficult than pseudo-words, indi-
cating development of identification of quantity degree during the playing. The
ability to identify quantity degree was generalized to stimuli used in the identi-
fication test in two of the children.

2.4.3 Discussion
When examined as a group, the results suggest that the children developed in

their identification of quantity degree during playing. In addition, the represen-
tations of word forms including quantity degree generalized to pseudo-words.
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The inclusion of other than quantity items in the beginning of the game did not
help in the perception of quantity differences in the minimal pairs of the first
quantity stream, as this stream was the most difficult of all the streams for the
children. The ability to identify quantity degree developed during the training
in two of the children. This indicates that the quantity game form used in this
study may not be effective for all L2 learners of Finnish. The content, stimuli,
and the starting point of the game should be considered in future studies, as
well as individual perception abilities.
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3 GENERAL DISCUSSION

3.1 The different language learners of the study

This study focused on the perception and learning of Finnish phonemic length
by Finnish children with reading disabilities (dyslexia) and with familial risk
for dyslexia, and by controls without the risk. The precursors and risk factors
behind dyslexia are important to study, because reading proficiency is im-
portant in everyday and professional life.

Correct perception of duration (signaling quantity degree) has been found
to be difficult for infants with a familial risk for dyslexia (Richardson 1998: 1,
96-98, 136-137; Richardson et al., 2003: 391-395) as well as for the at-risk chil-
dren with reading disabilities (Hdméldinen et al. 2009: 511-512; Leppénen et al.
2010: 1362). The main purpose of this dissertation was to study in more detail
the role of perception abilities of phonemic length in the development of read-
ing disabilities and dyslexia at school age. Based on previous results, we ex-
pected that children with reading disabilities would show problems in percep-
tion of phonemic length, and in the reading and in spelling of quantity. We also
wanted to study the role of familial risk for dyslexia together with the percep-
tion of phonemic length in reading and spelling skills.

The other learners of interest in this study were Russian children learning
Finnish as a second language (L2) in Finnish schools because Russian-speaking
people comprise the largest group speaking a foreign language in Finland (see
“The Population of Finland grew most in 20 years”).

The phonological system of Russian language differs from Finnish in the
use of duration (Nenonen 2001a: 16-17; Nenonen et al. 2003: 492; Ylinen et al.,
2005: 313). In Russian there is one vowel in every syllable and it forms the nu-
cleus of syllable. Word stress determines the durations of sounds, but the dura-
tion differences per se do not differentiate words from each other. (de Silva 1999:
19, 22, 174; Nenonen et al. 2005: 28.) Thus, as de Silva (1999: 69, 71, 176) has stat-
ed, Russian L2 learners of Finnish who do not know the phonological system of
Finnish perceive syllables including a long vowel as stressed. The difficulty of
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Finnish quantity for Russians has been shown on the perceptual level in the dis-
sertation by Ylinen (2006: 4). Therefore, Russian L2 learners of Finnish were ex-
pected to show problems in the perception of phonemic length. At the same
time, because they did not have learning problems, they were expected to show
faster development in perception ability compared to Finnish children with
reading disabilities and with familial risk for dyslexia.

3.2 Outline of the results

Studies I and II concerning children with reading disabilities and with familial
risk for dyslexia, and typically reading children with or without familial risk in
the Jyvaskyld Longitudinal Study of Dyslexia (JLD) showed that Finnish chil-
dren develop in the ability to discriminate phonemic length from grade 1 to
grade 3. Goodman and colleagues (1994: 4) have already suggested that speech
perception abilities develop from childhood to adulthood. The children with
familial risk for dyslexia and with reading disabilities differed from the control
group in discrimination ability in the 2nd and 34 grades. The study also showed
a stronger contribution of discrimination ability over school-age traditional
markers of dyslexia to reading accuracy in the 34 grade and to spelling accura-
cy in the 2nd and 34 grades in the children with familial risk and with reading
disabilities.

The children with familial risk for dyslexia, with reading disabilities and
with phonemic length discrimination ability problems were poorer in reading
and spelling accuracy and made more quantity errors in the 2" grade com-
pared to the children with familial risk for dyslexia, with reading disabilities
and without discrimination ability problems, and to typical readers with or
without the risk. The results are similar to those of the study of Thomson, Fryer,
Maltby and Goswami (2006: 334, 344) where they found that duration discrimi-
nation predicted variance in reading and spelling with dyslexic adults. The
problems in well-known risk factors for dyslexia (early language skills, phono-
logical awareness, verbal memory and naming speed) accumulated in the
group of children with reading disabilities, with familial risk for dyslexia and
with phonemic length discrimination ability problems in the 2nd grade. Discrim-
ination ability explained spelling accuracy among the at-risk children with
reading disabilities after the accumulation of pre-reading risk areas for dyslexia
was taken into account. Discrimination ability did not have any connections to
reading fluency.

The results suggest that the perception problems of phonemic length are
severe for at-risk children with reading disabilities still at school age, and that
these problems are evident in reading and in spelling skills, especially in accu-
racy of the spelling of quantity. It also shows that difficulty in the perception of
phonemic length is an accumulating risk factor for dyslexia together with other
well-known risks. This is important finding because it shows that the pro-
cessing and perception of phonemic length forms an exception to the skill of
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learning grapheme-phoneme correspondence in Finnish (see Ikola 2000: 19-20).
However the children did have problems in grapheme-phoneme correspond-
ences, as was shown by the reading and spelling errors the children made in
studies II and III. This has been shown to be a strong predictor of reading disa-
bilities in Finnish children with familial risk for dyslexia (Lyytinen et al., 2007:
110). It also shows that the ability to perceive phonemic length has its own im-
pact on dyslexia independently of phonological awareness. In general, the re-
sults support the multiple cognitive deficit model of dyslexia (Pennington 2006:
404-406; Snowling 2008: 142; Aro et al. 2009: 883).

The results of studies I and II are in accordance with those of Richardson
and colleagues. Richardson showed that six-month-old infants at risk for dys-
lexia required 40 milliseconds or longer silence to perceive the /t/ in pseudo-
word /at:a/ as long as compared with controls (Richardson 1998: 1, 96-98, 136-
137; Richardson et al., 2003: 391-395). These behavioral findings were further
supported in the JLD by brain response measurements using event-related po-
tential (ERP) techniques (Pihko et al. 1999: 1, 4; Leppédnen et al. 1999: 1). (See
also Lyytinen et al. 2003: 124-135; Leppénen et al. 2002: 407-408; Hamadldinen et
al. 2009: 511-512; Leppénen et al. 2010: 1362).

The study by Lehtonen (2006: 71, 75, 76, 77) concludes that 1st grade chil-
dren do not pay attention to the length of speech sounds they hear in spelling
Finnish geminates whereas 2nd graders are able to pay attention to the length of
the sound they hear. However, in the second half of the first school year chil-
dren begin to use the phonological aspect of the geminate spelling rule. Lehto-
nen shows that geminate spelling requires different processing than other con-
sonant clusters. For Finnish children it takes longer to learn the phonological
than the orthographic aspect of the geminate spelling rule. Lehtonen’s results
show that phonemic length should be quite easy for typically developing Finn-
ish children to spell in the 2nd grade.

The identification training of two- and three-syllable word and pseudo-
word final vowel quantity degree used in studies III and IV was designed on
the basis of the NLM, and prototype theory of Flege (1988) and Kuhl (1992, 2008:
979). Problems in the perception of quantity were more difficult to remediate
and perception ability developed more slowly in a native 1st grade child with
reading disability than in same-age Russian L2 learner of Finnish. Two-syllable
words, including quantity, presented the most difficulty for Russian L2 learners
of Finnish in the identification training of quantity degree, and the representa-
tions of words including quantity were generalized to the representation of
pseudo-words among the game stimuli. The training effects with prototypical
items were generalized to stimuli (phonemic length near the category boundary)
in the identification test at the post-assessment time point in two children. The
results were in accordance with previous studies showing that phonemic length
(phonological quantity) is challenging for Russian L2 learners of Finnish (Vi-
hanta 1990: 213; de Silva 1999: 69, 71; Nenonen 2001a: 11; Ylinen 2006: 4). It may
also be that the Russian children had problems in learning Finnish grapheme-
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phoneme correspondences resembling those in the native reading-disabled
children with familial risk for dyslexia.

Based on the results, we can construct the hypothesis that dyslexics who
have problems in phonemic length discrimination or identification abilities may
have problem in the dorsal stream in the brain. (Hickok & Poeppel, 2007: 394).
This same area is activated in L2 speech sound discrimination. However, this
study was conducted with behavioral methods. It should be considered what
further contribution brain imaging studies could make to the conceptualization
of the perception and learning of phonemic length and quantity in children at
different ages and in different stages of language learning. In other words, fur-
ther studies with these two learner groups are needed to see the processes in
the brain. It can be concluded that the perception and learning of phonemic
length seems to be more difficult for Finnish children with a familial risk for
dyslexia than for Russian L2 learners of Finnish.

Intervention studies on Finnish children with familial risk for dyslexia and
reading disabilities have shown that remediation of their reading, and spelling
skills or reading-related skills can be challenging (Salmi 2008; Huemer 2009;
Ketonen 2010; Oksanen 2012), although a number of studies have reported ben-
eficial effects of training phonology on reading performance (Snowling & Na-
tion 1997; Swanson 1999; Wise et al. 1999; 2000; Hatcher 2000; Lovett et al. 2000;
Torgesen et al. 2001; Pogorzelski & Wheldall 2002; Tijms et al. 2003). There are
also several reports on the positive impact of Graphogame on skills of children
at risk for reading difficulties at the beginning of schooling (Lyytinen et al. 2007;
Lyytinen et al., 2008; Lyytinen et al. 2009; Saine et al. 2011; Richardson et al.
2011). Some studies have shown that vowel perception difficulties may persist
for a long time in students of a new language (Flege 1998: 24; Pallier, Bosch &
Sébastian-Galles 1997: B9; Ylinen et al. 2005: 313; Heeren 2006: abstract) or that
remediation may take a long time, while other experiments have shown other-
wise (for example Best, Faber & Levitt 1996: 2602). The studies on pre-attentive
perception of non-native vowels have shown that new representations can be
formed at least in the context where authentic input is provided for several
years (Winkler et al. 1999: 641). For example, Ylinen and colleagues (2010: 1319)
showed, using MMN brain responses, that phonetic training enhances Finns'
ability to pre-attentively process the spectral cues of English vowels. Heeren
and Schouten (2010: 594) have also shown that prototypical representation of
Finnish phonological quantity can be enhanced with short training, although
changing the accuracy of perception near the category boundary is more diffi-
cult.

Taken together, previous studies of phonological training conducted with
children with reading disabilities and L2 learners have shown mixed results.
However, it is possible that the biological and neurological nature of dyslexia
and speech and/or auditory perception problems render their remediation
more difficult than in the case of typically developing L2 learners. (Brady et al.
1983: 345, 346, 360, 364, 365; Mody et al. 1997: 227; Elbro et al. 1998: 36; Gos-
wami 2000: 134, 142-144, 146; Tallal 1980: 182,189, 194; Booth et al. 2000: 101;
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Reed 1989: 270; Witton et al. 2002: 866; Goswami et al. 2003: 235; Richardson et
al. 2004: 215; Goswami 2011: 3; Lehongre et al. 2011: 1080; Bruder et al. 2011:
1107).

It should be noted that the comparisons of the intervention results be-
tween the child with reading disabilities and the Russian L2 learner of Finnish
in the third study cannot be generalized to larger populations because it was a
case study with only two children. Individual features may also more easily
have effects on the results than would be a study with a large number of partic-
ipants. Studies with larger groups would give more reliable information about
the effects of training of phonemic length. However, the present findings of the
study suggest that the perception of phonemic length should be intensively
trained both in Finnish children with reading disabilities and in L2 learners of
Finnish, using Graphogame or other learning tools, and it should be accorded
extra input in schools. The development of the training of phonemic length per-
ception also needs further study.

3.3 Aspects in testing

Bilinguals themselves, and others, compare their language skills to those of the
monolinguals around them. Generally bilinguals are thought to be equally pro-
ficient in both of their languages, and this is expected from children too. Lan-
guage abilities and skills vary individually, but the variation is generally within
the same range as it is among monolinguals. Comparison of the development of
mono- and bilinguals is not optimal; however, this is only one way to approach
the issue. We might ask instead: what circumstances would be ideal to develop
balance and harmony between skills in two languages? Thus, monolingualism
should not be taken as a norm for bilingualism. (Baker 363; de Houwer, 2009:
308-309, 328.) Alternatively, a bilingual child should be compared to a child
who has faced the same kind of requirements in the learning process (Kor-
pilahti 2010: 149).

When testing bilingual children, the deficiencies observed are often a re-
sult of narrow academic tests. They fail to measure the discourse patterns that
children from different cultures are able to use with considerable competence.
The translations of norm tests may also render such tests invalid and unreliable.
(Baker 2007: 11, 144-147, 322, 361.) Language skills should also be assessed in
both languages (Korpilahti 2010: 149). The absence of appropriate tests of the
mother-tongue skills of L2 learners or their availability in Finland (or in other
countries) is a problem. This is an area which needs developmental work on test
materials and international collaboration between specialists in speech, lan-
guage, and psychology from different countries. For this reason we did not
translate the Finnish test into Russian, and instead asked the native Russian
teacher of the children to evaluate their language proficiency in studies III and
IV. The perception of speech also encompasses a variety of different processes
and structures. Therefore it is not enough to determine whether a group of L2
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learners do or do not differ significantly from a group of native speakers (Flege
2003a: 20).

In this study, we compared Russian L2 learners’ results to those of a mon-
olingual Finnish-speaking group. This concerned in particular the identification
and discrimination of phonemic length. The training stimuli were based on the
quantity degree identification norm values of Finnish-speaking children, which
is in discordance with the view that bilinguals should not be compared with
monolinguals. However, this kind of study could not have been conducted
without the norm group values, because without those we would not otherwise
have had any material to compare the development of Russian-speaking chil-
dren. The problems in learning of phonetic aspects of the target language may
also be very disturbing for a learner itself. Therefore the comparisons of L2
learner’s skills to Finnish children were justified in this case.

In addition to the complex nature of vowel quantity, the testing of the per-
ception of duration is, for other reasons, also difficult. Traditional studies on
vowels have addressed the effect that distortions of the test setting have on per-
ception (Iverson & Kuhl 2000: 883) and how various co-articulatory contexts
affect the perception of vowels (e.g. Macchi, 1980: 1636; Parker & Diehl 1984:
369). The fact that several acoustic variables are in process in the sound at the
same time may make the perception of duration more difficult.

This dissertation concentrates on the discrimination and identification of
phonemic length. Flege (2003a: 23) has argued that the most direct behavioral
method for evaluating the perception of L2 vowels is to ask L2 learners to iden-
tify those vowels. Two-alternative forced-choice (2AFC) experiments, however,
may be problematic. Still, identification is a better method for training than dis-
crimination, because listeners need to be exposed to different exemplars of the
same category during training in order to decrease their sensitivity to discrimi-
nate stimuli in the same category (Guenther, Husain, Cohen & Shinn-
Cunningham 1999: 22). A problem for discrimination tests is that the results of
the test typically reflect an auditory component instead of, or in addition to,
information stored in long-term memory representations (Flege 2003a: 25).
Based on this, discrimination testing does not necessarily show problems in
perception of phonemic length alone, but also problems in general auditory
ability. Testing and training the perception of phonemic length with identifica-
tion tasks seem to be a better approach than using discrimination tasks. This is
important when we think of training and teaching methods in the long run. We
performed the testing partly with items written on paper as two-alternative
forced-choice tasks. If the testing had been implemented with a simple auditory
button-pressing task, this too would have been problematic, as the pressing of
the button cannot be controlled accurately.

To consider the problems in the testing performed here, the phonemic
length discrimination task had quite a small number of items (same-different
judgment task, 22 pairs in the current study). Usually discrimination of speech
sounds is studied with a greater number of stimuli to achieve reliability. How-
ever, we studied the perception in children, and their concentration on a task
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which requires careful listening for phonetic details in speech may be poorer in
a long lasting task. Therefore, we could not conduct a long experiment with a
large number of stimuli. However, we included more items in the identification
and discrimination tests of the intervention study.

One problem is that the identification ability of the Finnish norm group
was not tested at either the end or follow-up assessment in the intervention
study. The norm value test was conducted in the beginning of February, and
the pre-assessments were conducted about the same time. The end assessment
was conducted in March, and the follow-up assessment in September in the
same year. If the norm value test had been conducted at these points as well,
comparison of the results would have given more reliable information on the
development of the perception skills of the Russian-speaking children and of
the Finnish child with reading disabilities after the intervention. This is because
children’s language skills develop rapidly during the first school years. Howev-
er, the study was carried out over a period of eight months and the summer
holiday between grades inevitably impairs the target language skills of L2
learners because they do not have Finnish language teaching during that time
and may also spend much time with Russian-speaking relatives. Therefore the
ability to perceive phonemic length may not have developed as fast during this
period.

3.4 Developing the training of phonemic length and other future
implications

With respect to the future of quantity training with Graphogame, there are var-
ious factors that need to be considered. First, what is the most appropriate age
for training, especially with L2 learners. The children in the training study were
seven years old. The results of previous studies show that the sensitivity to dis-
criminate non-native speech sounds decreases after the first year of life (Werker
& Tees 1984: 49: Cheour-Luhtanen et al. 1995: 55, 56; Cheour et al. 1998: 353;
Kuhl et al. 2008: 979; 61; Jusczyk et al. 1993: 418). Hence, the training of phone-
mic length in L2 learners, and perhaps also in children with reading disabilities,
should be conducted earlier, perhaps as early as during the first year of life.
However, this would be difficult because parents rarely know in what circum-
stances the children will live their lives, and what languages they would need
or want to learn. One appropriate phase could be the time when the learning of
L2 or preschool is about to begin. However, early exposure to an L2 has been
reported to be insufficient in itself to guarantee native-like discrimination of L2
vowels (Flege & MacKay 2004: 1-2, 27-28; Hajen & Flege 2006: 3072, 3075, 3078,
3083). It has also been claimed that adults can acquire, with varying success,
even the most difficult non-native phonemes during extensive exposure to a
new language (Pisoni et al. 1994: 146; Rvachew & Jamieson 1995: 411; Winkler et
al. 1999: 641). Giannakopoulou, Uther & Ylinen (in press) showed that training
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in phoneme identification and discrimination of vowel duration can also be ef-
fective with adult L2 learners. In conclusion, while an intervention may be pos-
sible at any age, training in an earlier phase of life seems to be more effective
than an intervention conducted in adulthood. The training should be conducted
as early as possible, in light of the view that the learning of a new language be-
comes more difficult with increasing age (Abrahamsson & Hyltenstam 2009:
249).

Training in phonemic length could also be done with consonants as well
as vowels. An effective way to teach pronunciation (phonemic length) is via
listening. Listeners use stress and prosody as a way of learning more about the
structure of speech (Goodman et al. 1994: 12). For this reason, it should be con-
sidered in education. Motivation is also important when learning a second lan-
guage (Baker 2007: 132) and for children with reading disabilities (Ronimus
2012: 3), and repeating aloud the stimuli during playing should be taken into
account.

The game would also benefit from having more different speakers pro-
nouncing speech sounds. This would increase the variability of the items, which
would also more closely resemble natural speech. Samuel (2011: 64) concludes
that stimuli produced by several different speakers are more efficient for train-
ing non-native contrasts, as well as for the perceptual learning of accented
speech (see also Pisoni et al., 1994: 146; Giannakopoulou et al., in press). How-
ever, Perrachione and colleagues (2011: 461) claim that high-variability training
does not affect the perceptual abilities of all learners.

Another aspect what should be considered is the duration of the training.
Lyytinen et al. (2008) have suggested that Graphogame is effective as a short-
term intervention. Ketonen (2010: 97, 101), Hatcher, Hulme & Snowling (2004)
and Scanlon, Vellutino, Small, Fanuele & Sweene (2005) all suggest that an in-
tervention lasting six months is not enough for children who have familial risk
for dyslexia, poor letter knowledge and difficulties in phonological skills. The
length of training should probably be considered individually for each child.

Overall, the spoken word and visual word /pseudo-word / non-word
recognition regarding surpasegmental phonemic length in this study is closely
linked to the top-down ideas of the PGST (Goswami 2006) and “radical” tem-
platic phonology (Vihman & Croft 2007), according to which the items to be
learned should be larger units than single phonemes. We can thus ask: should
the items in the testing and training be syllables or words? In other words, what
is the prototype of the phonemic length of short and long vowels and conso-
nants in Finnish? Huemer (2009: 3), in her dissertation, found that sub-lexical
units, such as consonant clusters and syllables offer a way of achieving general-
ization effects. It has been argued that training with larger stimulus sets may
generalize better, and they could teach listeners to more efficiently focus their
attention on critical acoustic cues instead of irrelevant variation. (Iverson et al.
2003: B54.) The perception of duration differences is also claimed to be easier
when they are presented together in speech and in writing (Geber 1996: 166).
Training with larger items is also possible because recognition of all the letters
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at the same time is possible when a word is formed of less than ten letters
(Hyon4, 2010: 102). In relation to this, semantics could be added to the training,
because word recognition is better when the word is presented in a predictable
sentential context than when it does not have such support (for a review, see
Samuel 2011: 59). Semantic variables associated with lexical representations can
modulate the ease of word recognition (Balota et al. 2006: 319).

These implications present us with a dilemma. First, word/pseudo-word-
level discrimination and identification is problematic for beginning readers of
Finnish because they have problems with the processing of word length. The
memory demands of decoding and recoding are high because a large number of
phonemes require to be assembled before pronunciation is possible. (Lyytinen
et al. 2006: 60.) More importantly, the length of items seems to affect dyslexics
more than chronological age controls in lexical decision-making, because dys-
lexics predominantly rely on a sub-lexical reading strategy (Martens & de Jong
2006: 148; Hautala 2012: 3). It has been argued that non-native word recognition
may also be difficult when fine phonetic discrimination at the segmental level is
required. (Bradlow & Pisoni 1999: 2074.) Second, Lehtonen and Laine (2003: 213)
found that bilingual subjects do not have whole word-level representations of
frequent, inflected words, and Nenonen (2001a: 26) showed that Russian L2
child-learners of Finnish have problems in the accurate spelling of quantity
(Nenonen 2001a: 26). In conclusion, phonemic length is determined by a larger
context than a phoneme or syllable, and hence training with larger units is
needed to develop correct representations for phonemic length. It also requires
different kinds of stimulus types, as it seems that there is not necessarily an ide-
al prototype for phonemic length in the short and long duration categories.
These facts should be carefully considered in future studies concerning phone-
mic length, as well as individual language and learning skills of children.

Overall, this psycholinguistic study sought to combine the fields of speech
sound perception, isolated word recognition, and an intervention for children
with reading disabilities and another for L2 learners. In conclusion, problems in
perception of phonemic length seem to be a risk factor for dyslexia, together
with other well-known risks, and more difficult to remediate in children with
reading disabilities and with familial risk for dyslexia compared to Russian L2
learners of Finnish. However, it seems that the problem can be trained with ap-
propriate learning tools, for example with Graphogame. Individual differences
also need to be considered when planning training paradigms for phonemic
length.
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TIIVISTELMA

Tama tutkimus pyrkii antamaan tietoa suomenkielisten luku- ja kirjoitushairi-
Oisten lasten ja vendjankielisten suomea toisena kielend opiskelevien lasten
suomen kielen kvantiteetin havaitsemisesta. Osa tutkimuksesta keskittyy myos
kvantiteetin oppimiseen tietokonepohjaisella Graphogame-pelilld. Tarkastelun
kohteina ovat 1-3 luokan suomenkieliset lapset, vendjankielisistd pelkdstdan
ensimmadisen luokan oppilaat. Kyseisten ryhmien kvantiteetin oppimista ei ole
ailemmin vertailtu samassa tutkimuksessa, joten tarkastelu on asetelmaltaan
uusi ja ajankohtainen.

Suomen kielen kvantiteetti koostuu &dédnteiden fysikaalisesta kestosta sekéa
havaitusta lingvistisestd pituudesta. Kvantiteetti havaitaan kategorisesti lyhy-
eksi tai pitkéksi, vaikka todellisuudessa dédnteiden kestoja on loputon méira ja
niiden havaitseminen ja luokittelu on subjektiivista ja kontekstistaan riippuvais-
ta. Kvantiteetin identiteettiryhmétulkinnan mukaan kontrastiivisesti pitkét vo-
kaalit ja konsonantit tulkitaan kahden identtisen foneemin jonoiksi. Kirjoitetus-
sa yleiskielessd lyhyttd danteen kestoa ilmaistaan yhdelld grafeemilla, ja vastaa-
vasti pitkdd danteen kestoa ilmaistaan kahdella grafeemilla.

Kvantiteetin tarkka oppiminen voi olla vaikeaa niin syntyperéiselle luku-
ja kirjoitushdiriciselle lapselle, jolla on suvussa esiintyvd geneettinen riski dys-
leksiaan, kuin toisen kielen oppijalle, jonka kielessi ei esiinny vastaavaa kvanti-
teettioppositiota. Dysleksian taustalla ajatellaan olevan fonologisen prosessoin-
nin ongelmat, jotka johtuvat joidenkin ndkemysten mukaan puhedédnteiden rep-
resentaatioiden heikkoudesta. Joidenkin nikemysten mukaan néiden taustalla
ovat yleiset, auditiivisen havaitsemisen ongelmat. Nykyisten dysleksiaa koske-
vien teoreettisten nikemysten mukaan useat eri vaihtoehtoiset polut kognitiivi-
sissa ja kielellisissd taidoissa tai varhaisten kognitiivisten ja kielellisten taitojen
kasautuvat riskitekijédt ovat todennédkoisimmin dysleksian taustalla.

Tutkimuksessa tarkasteltiin rinnakkain kahta ryhmas, joista yhdelle kvan-
titeetin oppimisen vaikeus on biologispohjaista ja toiselle kielten vélisistd erois-
ta johtuvaa. Viitteitd dysleksia-riskilasten vaikeudesta prosessoida kvantiteettia
ovat antaneet etenkin Ulla Richardsonin tutkimukset, joiden mukaan puolivuo-
tiaat riskivauvat tarvitsivat kontrollejaan pitemmaén &énen keston havaitakseen
sen pitkiksi. Myos pituuden tuottamisessa oli vastaavia eroja ndiden ryhmien
vdlilld 1,6 vuoden idssd, kuten myos heiddn vanhemmillaan. Myos ERP-
tutkimukset ovat viitanneet siihen, ettéd riskivauvoilla on poikkeavuutta kesto-
jen synnyttdmissd aivovasteissa. Viola de Silvan ja Sari Ylisen tutkimukset ovat
puolestaan paljastaneet suomen kielen kvantiteetin haasteellisuuden venéjéan-
kielisille suomen kielen oppijoille, niin lapsille kuin aikuisillekin. Ylisen tutki-
mukset ovat osoittaneet, ettd suomenkieliset aikuiset prosessoivat foneemin
kvantiteetin ja kvaliteetin erillising, ja havaitseminen néyttdisi olevan yhteyksis-
sd foneemien prototyyppeihin. Vengjankielisilld suomen oppijoilla ei my6skaan
ole havaittu foneemiraja-efektid kvantiteettikategorioiden valilld. Suomenkielis-
ten kaltaiset ERP-vasteet syntyivat vain ddnteille, joita oppijat eivdt pystyneet
prosessoimaan oman &didinkielensd kategorioiden kautta. Toisin kuin suomen-
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kieliset, vendjdnkieliset suomen kielen oppijat ndyttiviat myos ylittdvan epédsa-
nanloppuisen vokaalikeston havaitsemisessa kategoriarajan lyhyemmalld kes-
tolla kuin suomenkieliset, ja syntyperdisten puhujien foneemisen pituuden ka-
tegorisointi on nopeampaa kuin vendjankielisilld toisen kielen oppijoilla.

Téaméd viitekehys antoi mielenkiintoisen ldhtokohdan kvantiteetin rep-
resentaatioiden havaitsemisen ja oppimisen tutkimiselle. Viitostarkastelu antaa
tietoa siitd, onko foneemisen pituuden erottelutaidolla yhteyttd dysleksiariski-
ryhmién luku- ja kirjoitushéiricisten lasten luku- ja oikeinkirjoitustaitoihin kou-
luidssd, miten foneemisen pituuden prosessointi on heilld yhteydessd muiden
kognitiivisten ja kielellisten ongelmien kasautumiseen, ja mitd ongelmia erotte-
lupulmat voivat aiheuttaa luku- ja kirjoitustaidossa. Lisdksi tutkimuksessa tar-
kastellaan tapaustutkimuksen keinoin, aiheuttavatko foneemisen pituuden
tunnistaminen, erottelu sekd kvantiteetin lukeminen ja kirjoittaminen samalla
tavoin pulmia suomenkielisille luku- ja kirjoitushdiridiselle lapselle kuin vena-
jénkieliselle lapselle ja voidaanko piirteen oppimiseen vaikuttaa tietokonepoh-
jaisen harjoittelun avulla. Tutkimuksessa tarkastellaan myts kvantiteettidrsyk-
keiden oikeellisuusasteita vendjankielisille lapsille tehdyssd interventiossa ja
pyritddn antamaan parannusehdotuksia kvantiteetti-intervention kehittamiseen
tietokonepohjaisella menetelmalld. Tutkimuksen taustalla olevaa Graphogame-
pelid on sovellettu jo laajasti suomenkielisten luku- ja kirjoitushéiridisten lasten
tutkimiseen ja kouluopetukseen. Maahanmuuttajien ja vendjénkielisten osalta
tutkimustieto on vield vahaista.

Tutkimuksen aineistona on Jyvaskyldn yliopiston Lapsen kielen kehitys -
projektin (LKK) kansainvélisesti merkittdva pitkittdistutkimuksen aineisto, jos-
sa on seurattu 199 lasta heiddan syntymaéstdan lahtien peruskoulun paattymiseen
saakka. Puolella projektin lapsista on geneettinen riski luku- ja kirjoitushdirioon,
ja toisella puolella lapsista ei ole t&td riskid. Tassd tutkimuksessa on kaytetty
koko projektin aineistoa, eli saatavilla olevia tietoja riskiryhmén luku- ja kirjoi-
tushdiricisilta lapsilta, riskiryhman normaalilukijoilta ja kontrolliryhmalta. Mu-
kana on myos yksi LKK-projektin ulkopuolinen ensimmadistd kouluvuottaan
kdynyt suomenkielinen lapsi, jolla oli havaittu luku- ja kirjoitushdirioita.

Toisen kielen oppijoista tarkastelun kohteina ovat vendjankieliset lapset,
silld vendjankieliset ovat Suomen suurin maahanmuuttajaryhmaé. Tutkimukses-
sa on mukana tietoa yhteensd neljdltd oppimispulmattomalta vendjankieliseltd
lapselta, joista yksi on mukana kahdessa osatutkimuksessa (3 ja 4). Kaikki lap-
set olivat 1. luokan oppilaita ja idltddn noin seitsemdnvuotiaita. Kaikki vendjan-
kieliset lapset, samoin kuin LKK-projektin ulkopuolinen luku- ja kirjoitushéiri-
Oinen lapsi, on valittu tutkimukseen samasta koulusta Helsingin alueelta. Tut-
kimuksessa on kidytetty myos haastattelulomaketietoja, joita on saatu lasten
vanhemmilta, luokanopettajilta, erityisopettajilta, vendjan opettajilta, S2-
opettajalta sekd koulun terveydenhoitajalta. Lisdksi tutkimuksessa on kerétty
pilottiaineistoa jyvakylaldisiltd suomenkielisiltd ensiluokan oppilailta (N = 37).
Menetelmind tutkimuksessa on kéytetty tilastotieteellistd, kvantitatiivista tar-
kastelua seké osittain myos kvalitatiivisia menetelmia.
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Tutkimus koostuu kaiken kaikkiaan neljéstd artikkelimuotoisesta osatut-
kimuksesta. Naista kaksi ensimmadistd kasittelee puhtaasti foneemisen pituuden
erottelutaidon tutkimista LKK-projektin lapsilla. Tutkimusten keskiossd on 22
drsykeparista muodostunut foneemisen pituuden sama-eri-erottelutehtévi, joka
on teetetty lapsille 1., 2. ja 3. luokan lopussa. Foneemisen pituuden erottelu-
pulman tulosten tarkastelussa kédytettiin d’-arvoa, ja havaitsemisen ongelmara-
jana on pidetty -1.25 keskihajonnan suuruista eroa verrattuna kontrolliryhmé&n
suoriutumiseen. Testilld on mitattu foneemisen pituuden erottelutaitoa epidsa-
noilla, jotka ovat ldhinnd suomen kielen rakenteen vastaisia. Kaikki tutkimuk-
sen drsykkeet ovat puheddnia.

Ensimmdinen osatutkimus

Ensimmadisessd tutkimuksessa tarkasteltiin foneemisen pituuden erottelutaidon
kehitystd ensimmadiseltd kolmannelle luokalle, seka taidon yhteytta luku- ja oi-
keinkirjoitustaitoihin riskiryhman luku- ja kirjoitushdirivisilld lapsilla ja nor-
maalilukijoilla sekd kontrolliryhmaéllda. Tutkimuksessa havaittiin, ettd kaikki
LKK-projektin lapset kehittyivit erottelutaidossa ensimmadiseltd kolmannelle
luokalle siirryttdessd. Riskiryhmén luku- ja kirjoitushdiridisten lasten (n = 35,
dysleksia-kriteeri 2. luokan mukaan) erottelutaidot olivat kontrolliryhmaa hei-
kommat (n = 80) toisella ja kolmannella luokalla, ja riskiryhmén normaaliluki-
joiden erottelutaidot (n = 68) olivat kontrolliryhmdd heikommat kolmannella
luokalla. Riskiryhmén lapset eividt eronneet kuitenkaan toisistaan erottelutai-
dossa. Yksilotarkastelussa havaittiin, ettd riskiryhman luku- ja kirjoitushairioi-
sistd lapsista 31.4 prosentilla, riskiryhméan normaalilukijoista 14.7 prosentilla ja
kontrolliryhmastd 8.8 prosentilla oli ongelmia foneemisen pituuden erottelutai-
dossa toisella luokalla, jolloin ryhméerot olivat suurimmat.

Erottelutaito ei korreloinut merkitsevésti riskiryhmén normaalilukijoiden
ja kontrolliryhman keskuudessa lukutarkkuuden ja -sujuvuuden eli nopeuden
sekd oikeinkirjoitustarkkuuden kanssa, mutta riskiryhman luku- ja kirjoitushai-
ridisilld lapsilla ensimmadisen ja kolmannen luokan erottelutaidosta havaittiin
korrelaatio toisen luokan lukutarkkuuteen. Ensimmadisen ja toisen luokan erot-
telutaidosta oli yhteys toisen luokan oikeinkirjoitustarkkuuteen, ja yhteys oli
erityisen vahva toisen luokan erottelutaidosta. Korrelaatiot erottelutaidon ja
lukemisen sujuvuuden vililla eivat olleet merkitsevia.

Korrelaatiotarkastelun perusteella tehtiin regressioanalyysitarkastelu, jon-
ka tuloksena havaittiin, ettd riskiryhméan luku- ja kirjoitushdiricisilld lapsilla
ensimmadisen luokan erottelutaidolla oli merkitsevd yhteys kolmannen luokan
lukutarkkuuteen jopa sen jdlkeen, kun varianssit kouluidn lyhytkestoisessa
muistissa, fonologisessa muistissa ja nopeassa nimedmisessd oli kontrolloitu.
Alykkyyden lisidminen malliin ei muuttanut juurikaan tuloksia. Samalla ase-
telmalla toisen luokan foneemisen pituuden erottelutaito selitti merkitsevésti
toisen ja kolmannen luokan oikeinkirjoitustarkkuutta, vaikka edelld mainittujen
muuttujien varianssit oli kontrolloitu. Alykkyyden lisdédminen malliin pudotti
selitysasteita jonkin verran, mutta ne siilyivat kuitenkin selvisti merkitsevina.
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Toinen osatutkimus

Toisessa pitkittdistutkimusaineiston tutkimuksessa keskityttiin edellisen tarkas-
telun perusteella riskiryhmén luku- ja kirjoitushdirivisiin lapsiin (n = 40, dys-
leksia-kriteeri 2. ja 3. luokan mukaan) seki tyypillisesti lukeviin kontrollilapsiin
(n = 140). Tutkimuksessa haluttiin selvittdd toisen luokan foneemisen pituuden
erottelutaidon yhteyttd luku- ja oikeinkirjoitustaitoihin toisella luokalla sekd
vertailla varhaisten, lukutaitoa edeltdvien taitojen eroja riskiryhman sisilld.
Nditd olivat varhaiset kielitaidon mitat, fonologinen tietoisuus, verbaalinen
muisti sekd nopea sarjallinen nimedminen, joita mitattiin ikdvuosina 1.0-6.5.
Varhaisissa taidoissa mddriteltiin olevan ongelmaa, jos lapsen suoritus oli alle -
1.25 keskihajontaa verrattuna kontrolliryhmén suoritukseen vahintdan kahdes-
sa mittauspisteessd kolmesta kullakin osa-alueella. Vertailut tehtiin kolmen
ryhmén kesken, joita olivat riskiryhmén luku- ja kirjoitushdiridiset lapset, joilla
havaittiin foneemisen pituuden erottelupulmaa (n = 13), riskiryhman luku- ja
kirjoitushdiriviset lapset, joilla ei ollut foneemisen pituuden erottelupulmaa (n =
27), sekd riski- ja kontrolliryhmén tyypillisesti lukevat lapset (n = 140). Ongel-
makriteeri erottelutaidossa oli sama kuin edellisessidkin osatutkimuksessa.

Tyypillisesti lukevien lasten ryhmé oli muita kahta ryhm&é parempi kai-
kissa muissa lukemisen tarkkuuden mitoissa, paitsi ei kvantiteettivirheissa teks-
tin lukemisessa. Luku- ja kirjoitushdiridisten lasten ryhmd, jolla oli foneemisen
pituuden erottelupulmaa, oli toista luku- ja kirjoitushéiridisten lasten ryhmaa
heikompi ainoastaan epdsanatekstin lukemisessa kvantiteettivirheissd. Luku- ja
kirjoitushéiridisten lasten ryhmad, jolla ei ollut foneemisen pituuden erottelu-
pulmaa, oli kontrolliryhmé&d heikompi epdsanatekstin lukemisen sujuvuudessa.
Oikeinkirjoittamisessa luku- ja kirjoitushdiridisten lasten ryhmd, jolla oli fonee-
misen pituuden erottelupulmaa, oli toista luku- ja kirjoitushdiridisten lasten
ryhmdd heikompi kaikissa mitoissa paitsi muissa kuin kvantiteettivirheissa
epédsanojen kirjoittamisessa. Tyypillisten lukijoiden ryhmaé oli muita kahta ryh-
mad parempi kaikissa oikeinkirjoittamisen mitoissa paitsi sanojen kirjoittami-
sessa muissa kuin kvantiteettivirheissd: Ryhma erosi kyseisessd mitassa ainoas-
taan luku- ja kirjoitushdiridisten lasten ryhmastd, jolla oli foneemisen pituuden
erottelupulmaa.

Tulosten mukaan luku- ja kirjoitushéirioisilld lapsilla, joilla oli foneemisen
pituuden erottelupulmaa, oli merkitsevésti enemmaéan heikkoutta varhaisissa
taidoissa (varhainen kieli, fonologinen tietoisuus, verbaalinen muisti ja nopea
sarjallinen nimedminen) verrattuna riskiryhmén luku- ja kirjoitushdirisisiin lap-
siin, joilla ei ollut foneemisen pituuden erottelupulmaa.

Regressioanalyysit ndyttivit, ettd foneemisen pituuden erottelutaito selitti
oikeinkirjoittamisen tarkkuutta jopa sen jdlkeen, kun varhaisten taitojen kasau-
tuvien riskitekijdiden muuttujan varianssi oli kontrolloitu luku- ja kirjoitushai-
ridisten lasten riskiryhmaéssa. Kasautuvat riskitekijdt selittivdat lukemisen suju-
vuutta ollessaan mallissa ensimmadisend, ja kumpikaan muuttujista ei selittanyt
lukemisen tarkkuutta.
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Kolmas osatutkimus

Viitoskirjan kolmas osatutkimus kasitteli ensimmadistd luokkaa kdyvéan suo-
menkielisen luku- ja kirjoitushdiridisen lapsen sekd samanikdisen vendjankieli-
sen oppimispulmattoman suomen oppijan sanan- ja epdsananloppuisen /a/
vokaalin kvantiteetin havaitsemista sekd kvantiteetin kategorioiden edustajien
havaitsemista tietokonepohjaisen Graphogame-intervention avulla. Lisdksi tut-
kimuksessa tarkasteltiin sitd, oliko harjoittelulla vaikutusta vokaalikvantiteetin
lukutarkkuuteen, lukusujuvuuteen tai oikeinkirjoitustarkkuuteen. Tutkimuk-
sessa tarkasteltiin myos sitd, oliko peliharjoittelulla yhteyttd grafeemi-
foneemivastaavuuden, grafeemien kirjoittamisen, fonologisen tietoisuuden tai
yleisempéaan lukusujuvuuden ja oikeinkirjoitustaidon parantumiseen suhteutet-
tuna suomenkielisten lasten ikidtasoon.

Tutkimuksen epédsanat erosivat sanoista vain yhden foneemin perusteella.
Lasten kategoriarajan havaitsemista testattiin ja verrattiin samanikéisten suo-
menkielisten lasten epdsanaloppuisen kvantiteetin identifioimiseen d’-arvojen
kautta. Lapsen tunnistustaidon ajateltiin olevan heikko, jos se oli heikompi kuin
-1 keskihajontaa verrattuna kontrolliryhmén suoritukseen. Identifikaatiotaitoa
testattiin neljd kertaa ennen interventiota, kerran sen aikana, kerran interventi-
on padttymisen jdlkeen ja puoli vuotta intervention paattymisen jalkeen seuran-
tamittauksessa lasten ollessa toisella luokalla. Liséksi lasten foneemisen pituu-
den erottelutaitoa testattiin LKK-projektin tehtdvélld, ja sama-eri-
erottelutehtdvéana kaksitavuisella epdsanalla, joka paattyi /a/-vokaalin kvanti-
teettiin. Kirjainten, danteiden ja kirjainten nimien tuntemusta, kirjainten kirjoit-
tamista, fonologista tietoisuutta, verbaalista lyhytkestoista muistia, nopeaa sar-
jallista nimedmistaitoa, sanavarastoa suomeksi ja vendjdaksi (vendjankieliselld),
luku- ja oikeinkirjoitustaitoja sekd kvantiteetin lukemis- ja kirjoitustaitoja seka
yleistd dlykkyyttd testattiin ennen interventiota. Samat testaukset teetettiin in-
tervention jdlkeen sekd seurantamittauksessa, paitsi ettd dlykkyyden ja sanava-
raton testaukset jdtettiin pois, koska interventiolla ei ajateltu olevan niihin vai-
kutusta. Lasten syntyperdiseltd vendjan kielen opettajalta pyydettiin lisdksi ar-
viota lasten vendjdn kielen puhumisesta ymmartamisestd, lukemisesta ja kirjoit-
tamisesta jokaisen kolmen mittauksen yhteydessd. Nain siksi, ettd sopivia vend-
jankielisid standardoituja testejd ei ollut saatavilla. Lapset pelasivat kvantiteetin
identifikaatiopelid prototyyppisilld minimipareilla yhteensd kolme viikkoa vii-
tend pdivana viikossa koulupédivan aikana, noin 20 minuuttia kerrallaan tutkijan
ollessa pelaamistilanteessa ldsna.

Tulosten mukaan vendjankielinen lapsi ndytti saavuttavan suomenkielisen
ikdtasonsa vokaalikvantiteetin identifikaatiossa jo loppumittauksessa, ja taito
sdilyi vendjankieliselld lapsella seurantamittauksessa. Suomenkieliselld lapsella
oli vaikeuksia identifikaatiotaidossa, ja hdn saavutti vertailukohtana olevan
ryhmén taitotason vasta seurantamittauksessa. Vendjankielinen lapsi paransi
yleisen foneemisen pituuden erottelutaitoa yli 1.5 keskihajontaa alkumittauk-
sesta loppumittaukseen, ja yli hajonnan ero siilyi seurantamittauksessa, kun
taas suomenkieliselld lapsella tdma4 taito ei juuri muuttunut. Vokaalin kvantitee-
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tin erottelutaidossa suomenkielinen lapsi paransi suoritustaan seurantamitta-
uksessa 1.68 keskihajontaa verrattuna alkumittaukseen, kun taas vendjdnkieli-
selld tdssd ei tapahtunut muutosta, osittain johtuen keskittymiseen liittyvista
tekijoistd. Kumpikaan lapsista ei kuitenkaan ollut kummassakaan erotteluteh-
tavéassd alkumittauksessa ratkaisevasti yli -1 keskihajonnan vertailuryhmaéa hei-
kompi, ja he olivat tehtdvidssd keskenddn samalla tasolla alkumittauksessa. Ve-
nédjankielinen lapsi paransi jonkin verran kirjain-dédnnevastaavuuden hallintaa,
kirjainten kirjoittamista, fonologista tietoisuutta ja kvantiteetin luku- ja oikein-
kirjoitustarkkuutta. Suomenkielinen lapsi paransi selvésti yleistd lukusujuvuut-
ta sekd oikeinkirjoitustarkkuutta. Toinen oikeinkirjoitustesteistd teetettiin tds-
mélleen samoilla drsykkeilld kuin interventio.

Neljis osatutkimus

Tutkimuksen viimeisessd osatarkastelussa keskityttiin Graphogame-peli-
intervention tarkasteluun neljilld vendjankieliselld lapsella. Artikkelin tarkoitus
oli antaa tietoa kaksi- ja kolmitavuisten yksois- ja kaksoisvokaaliin pddttyvien
sanojen ja epdsanojen kestojen havaitsemisen tarkkuudesta sekd siitd, miten
kvantiteetti-interventiota pelikontekstissa voitaisiin edelleen kehittda. Tilastol-
listen vertailujen kohteina olivat lasten vastaukset pelikontekstissa. Kvantiteetin
identifikaatiota testattiin alku-, loppu- ja seurantamittauksessa samanlaisella
testilld kuin kolmannessa osatutkimuksessa, ja vertailukohtana oli myds sama
pilottiaineisto.

Pelijakso alkoi kirjainten nimien ja &ddnteiden tunnistuksen testauksella,
kirjain-ddnnevastaavuuden harjoittelulla sekd yksikertaisella sananmuodostus-
tehtdvillda. Tamén jélkeen kvantiteettiminimiparit esitettiin siten, ettd ensim-
miisend kenttdnd olivat kaksitavuiset sanat, sen jdlkeen kaksitavuiset epdsanat,
sitten kolmitavuiset sanat ja lopuksi olivat kolmitavuiset epdsanat. Jokaisessa
kentdssd oli neljd tasoa, josta kaksi ensimmadistéd oli helpompaa, koska /a/ vo-
kaalien kestot olivat minimipareissa millisekunneissa mitattuna toisistaan kau-
empana (lyhyt ja pitkd kesto) verrattuna kahteen jalkimmadiseen tasoon. Eri ta-
sojen ddnteiden kestot olivat identtisid kaksitavuisissa drsykkeissd ja vastaavasti
kolmitavuisissa drsykkeissd. Kenttien vélissa oli viliharjoitustehtavia.

Tutkimuksen perusteella tarkkuus pelin ensimmdéisen kvantiteettikentdn
drsykkeissd, toisin sanoen kaksitavuisissa sanoissa, oli heikompi kuin muissa
drsykkeissd. Lisdksi tulosten mukaan tasojen 1 ja 2 parit olivat helpompia kuin
tasojen 3 ja 4 parit, paitsi sanojen yhteenlasketussa tarkkuudessa ja kolmitavui-
sissa drsykkeissd. Tuloksissa oli myos hieman viitteitd siitd, ettd pitemmit kes-
tot saattoivat olla vendjankielisille lapsille vaikeampia kuin Iyhyet kestot. Peli-
lokitulokset osoittavat, ettd lasten kvantiteetin identifikaatio kehittyi pelaami-
sen aikana, ja sanojen opitut representaatiot laajenivat koskemaan epdsanoja.
Kvantiteetin identifikaatiotehtdvassd neljdstd lapsesta kaksi paransi selvésti
kvantiteettiasteen tunnistustaitoa pelaamisen seurauksena.
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Yhteenveto

Tulosten mukaan suomenkieliset lapset kehittyvit foneemisen pituuden erotte-
lutaidossa koulutaipaleen kolmella ensimmadiselld luokalla. Taito on selvésti
yhteydessa luku- ja kirjoitushdirivisten dysleksia-riskilasten lukemisen tarkkuu-
teen kolmannella luokalla, ja oikeinkirjoitustarkkuuteen toisella ja kolmannella
luokalla, kun perinteisemmét dysleksian ennustajat on kontrolloitu. Riskiryh-
mién luku- ja kirjoitushéiriviset lapset, joilla on foneemisen pituuden erottelu-
pulmaa, tekevit enemmaén luku- mutta erityisesti oikeinkirjoitusvirheitd (kvan-
titeettivirheitd) verrattuna niihin riskiryhmén luku- ja kirjoitush4iridisiin lapsiin,
joilla ei ole foneemisen pituuden erotteluongelmaa, sekd enemman kuin tyypil-
lisesti lukevien lasten kontrolliryhmai toisella luokalla. Lisdksi ongelmat varhai-
sissa kognitiivisissa, ennen kouluikdd mitatuissa taidoissa nayttavit kasautuvan
foneemisen pituuden erottelupulman omaaville riskiryhmén luku- ja kirjoitus-
hairioisille lapsille vakavampiasteisina verrattuna niihin riskiryhmén luku- ja
kirjoitushdirioisiin lapsiin, joilla erotteluongelmaa ei niin selkedsti ole. Myos
varhaisten taitojen kontrolloimisen jdlkeen taidolla on merkittdva yhteys toisen
luokan oikeinkirjoittamistarkkuuteen tdssd samassa ryhméssa. Kvantiteetin hal-
litseminen ei kuitenkaan nédyté olevan yhteydessé lukemisen sujuvuuteen.

Tulokset antavan viitteitd siitd, ettd riskiryhman luku- ja kirjoitushdirisiset
lapset, joilla on havaitsemisen ongelmaa foneemisessa pituudessa, kdrsivit va-
kavampiasteisista kognitiivisista ja/tai kielellisistd ongelmista kautta linjan ver-
rattuna riskiryhman luku- ja kirjoitushdiricisiin lapsiin, joilla ei ole foneemisen
pituuden erotteluongelmaa. Né&in ollen tdmén taidon kartoittaminen ja vaiku-
tukset kuntoutus- ja harjoitusmenetelmid suunniteltaessa olisi otettava huomi-
oon jo varhain uudella tavalla. Ongelman konkreettisuudesta antavat viitteita
kolmannen osatutkimuksen tulokset, jossa vertailtiin suomenkielisen luku- ja
kirjoitushdiridisen lapsen ja vendjankielisen lapsen kvantiteetin identifikaa-
tioharjoittelun tuloksia. Nayttdisi kaiken kaikkiaan siltd, ettd vendjankielinen
lapsi pystyy nopeammin omaksumaan kvantiteettiasteen tunnistamisen lyhy-
enkin harjoittelun myotd, ja mahdollisesti yleistim&ddn oppimansa representaa-
tiot muihin kuin harjoiteltuihin drsykkeisiin. Suomenkieliselld luku- ja kirjoi-
tushdirioiselld lapsella oppiminen on hitaampaa ja viivdstynyttd, ja yleisty-
misefektit ovat epdvarmoja. Tutkimus on kuitenkin tapaustutkimus, joten sen
tuloksia ei voida yleistdd koskemaan koko populaatioita. Tutkimus jattad kai-
ken kaikkiaan useita kysymyksid ratkaistavaksi tulevaisuutta ajatellen.

Tulosten mukaan venéjénkieliselld suomen oppijalla, jolla ei ole oppimis-
vaikeutta, kvantiteetin identifikaation harjoitteleminen saattaa vaikuttaa posi-
tiivisesti nopeallakin aikavililld havaitsemistaitoihin. Taméd johtuu siitd, etta
heiddn oppimisongelmansa johtuvat kielten erilaisista fonologisista jarjestelmis-
td kvantiteetin suhteen, eikd neurologisesta ongelmasta, kuten luku- ja kirjoi-
tushadirioisilld lapsilla, joilla on mahdollisesti suvussa esiintyva riski dysleksiaan.
Kvantiteettipeli-interventiossa olisi kuitenkin hyva kiinnittdd huomiota harjoit-
telussa kaytettdviin drsykkeisiin ja niiden kompleksisuuteen sekd siihen, miten
selvdt representaatiot oppijoilla on. Mahdollisesti myos drsykkeiden &ddneen
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toistaminen harjoittelun aikana voi parantaa oppimistuloksia. Myts kognitiivis-
ten ja kielellisten taitojen kartoittaminen tutkimusten yhteydessd niin omalla
didinkielelld kuin suomen kielelldkin on tarpeen.
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Two syllable
words

Two syllable
pseudo-words

Three syllable words

Three syllable
pseudo-words

hukka - hukkaa

hekka - hekkaa

kirsikka - kirsikkaa

kursikka - kursikkaa

kukka - kukkaa

kekka - kekkaa

mansikka - mansikkaa

mensikka - mensikkaa

lakka - lakkaa

lekka - lekkaa

mustikka - mustikkaa

mestikka - mestikkaa

nokka - nokkaa

nikka - nikkaa

neilikka - neilikkaa

noilikka - noilikkaa

pakka - pakkaa

pikka - pikkaa

persikka - persikkaa

parsikka - parsikkaa

rikka - rikkaa

rakka - rakkaa

puolukka - puolukkaa

pielukka - pielukkaa

sukka - sukkaa

sikka - sikkaa

rentukka - rentukkaa

rantukka - rantukkaa

takka - takkaa

tekka - tekkaa

silmukka - silmukkaa

salmukka - salmukkaa

tikka - tikkaa

vikka - vikkaa

simpukka - simpukkaa

sampukka - sampukkaa

vakka - vakkaa

vukka - vukkaa

valtikka - valtikkaa

veltikka - veltikkaa
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