
 

Handwriting versus keyboarding in first 

grade: 

Which modality best supports written 

composition performance and learning? 
 

by 

Eivor Finset Spilling 

Thesis submitted in fulfilment of 

the requirements for the degree of 

PHILOSOPHIAE DOCTOR 

(PhD) 

 

Faculty of Arts and Education 

Norwegian Reading Centre 

2023 



 

University of Stavanger 

NO-4036 Stavanger 

NORWAY 

www.uis.no 

©2023 Eivor Finset Spilling 

ISBN: 978-82-8439-157-1 

ISSN: 1890-1387 

PhD: Thesis UiS No. 692 

 

 

http://www.uis.no/


 

iii 

Acknowledgements 

The research reported in this thesis was funded by the Norwegian 

research council (grant number 273422) through the DigiHand project, 

a cooperation between Volda University College and the Reading Centre 

at the University of Stavanger.  

First and foremost, I wish to express my gratitude to my 

supervisors and co-authors. It has been a privilege to work with you and 

learn from you. My main supervisor, Vibeke Rønneberg, you have been 

the ultimate supervisor. I am extremely grateful for your advice and 

support throughout. Thank you for everything you have taught me about 

research, including how to combine it with family life, and for always 

being available when I needed to discuss an issue or ask a question. You 

have been a constant inspiration! Co-supervisor Wenke Mork Rogne, 

thank you for inviting me into the DigiHand project. Without you, this 

thesis would not have come into being. Your positivity, encouragement, 

care and guidance from beginning to end have been invaluable! Co-

supervisor Mark Torrance, thank you for sharing your inexhaustible 

knowledge and expertise. I am enormously grateful for your thorough 

and astute feedback, which has pushed me forward again and again. Jens 

Roeser, thank you for engaging in my project and generously teaching 

me how to perform a Bayesian analysis. 

I have been fortunate to be part of the DigiHand research group, 

and I would like to thank all of you for your professional cooperation and 

wonderful companionship. Special thanks go to the project management, 

Wenke Mork Rogne and Siv M. Gamlem, for believing in me and for 

facilitating the execution of the PhD by providing equipment and 

arranging inspiring seminars.  

I would also express my sincerest thanks to all the school leaders, 

teachers and students who participated in the project. This research 

would not have been possible without you. 



 

iv 

I owe thanks to colleagues at Volda University College, 

particularly all fellow workers at Lettbygget, for chats and discussions, 

both professional and personal. I am also grateful to colleagues at 

Stavanger University for welcoming me when I visited. Moreover, I am 

indebted to Oddny Judith Solheim and Gustaf B. Skar for their valuable 

comments on my midway evaluation. 

Finally, I would like to thank my friends and family for their 

encouragement and interest in my project. Mam and Dad, I deeply 

appreciate your support and enthusiasm. Ingvild, thank you for being 

there for me – I always feel better after talking to you. Anne Marie and 

Rolf, thank you for helping us and, particularly, for your contributions 

when I had to go away for courses and seminars. My warmest thanks go 

to Tor Arne, for your love, patience and endless support and for always 

being willing to discuss issues and read text; and to Agnar and Einar, for 

your unconditional love and for reminding me of what is the most 

important in life. 

 

Volda, 10 January 2023 

Eivor Finset Spilling 

  



 

v 

Summary 

An important background for the present thesis is the increasing 

digitalisation in school, and more specifically, the Norwegian first-grade 

reality, where a growing number of schools provide students with 

personal digital devices to be used in initial writing instruction. The 

research that compares effects of handwriting and keyboarding on 

children’s early writing is, however, scarce, findings are inconsistent, 

and many of the studies suffer from methodological problems, for 

example, inadequate control of children’s prewriting experience 

(Wollscheid et al., 2016).  

The aim of the present thesis was therefore to investigate whether 

modality – handwriting on paper or keyboarding on digital tablet with 

text-to-speech functionality – affects first grader’s written composition 

performance and written composition learning, and whether these effects 

depend on children’s literacy skills (grapheme-phoneme mapping, first 

sound segmentation, blending, word reading, spelling and vocabulary) 

measured at school start. This was examined in a sample of Norwegian 

first graders from 18 schools, where five schools taught children to write 

by hand, five schools taught children to write by digital tablet postponing 

handwriting, and eight schools taught children to write both by hand and 

using a digital tablet. Children’s compositions were analysed for length 

and quality by formally assessing a set of text features related to both 

transcription (spacing, spelling and punctuation) and narrative 

sophistication (vocabulary, syntax and narrative structures). The text 

quality measures were specifically developed for assessing narratives by 

beginning writers which typically are short and simple. The statistical 

modelling was done using Bayesian methods, which allow for 

demonstrating evidence in both the presence and absence of effects. 

This thesis includes four articles. Article 1 is a philosophical 

discussion of how texts by beginning writers can be analysed from a 

quantitative viewpoint. The three remaining articles contribute to the 
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thesis by empirically investigating the effects of modality on first 

graders’ written composition performance and written composition 

learning. Article 2 shows that first graders who are taught writing in both 

modalities from the start of school are likely to produce compositions of 

similar length and quality in both modalities. This article also shows that 

the lack of a modality effect on written composition performance does 

not depend on children’s literacy skills. For example, students with 

weaker literacy skills did not produce stories of higher quality in one or 

another modality. 

Article 3 demonstrates that first-grade students receiving 

instruction based on handwriting or digital tablets with otherwise 

minimal change to instruction, overall learn to compose text at the same 

rate throughout the first year of formal writing instruction. The students 

showed similar development in text length, syntactic complexity and 

accuracy, and narrative structures, regardless of learning to write by hand 

or with a digital tablet. Students writing with a digital tablet showed 

better performance in transcription accuracy (spelling, spacing and 

terminator accuracy), but showed little or no development of these text 

features through the first grade. Students writing by hand started at a 

lower performance level for transcription accuracy but showed 

improvement throughout the year. This difference in performance can 

probably be attributed to the text-to-speech functionality offered by the 

digital tablets. Article 4 shows that there were no interaction effects 

between modality and students’ literacy skills on learning to compose 

text. This means that there were, for example, no advantages related to 

learning to compose text with a digital tablet, or by hand, for students 

with weaker literacy skills.  

The conclusion of the thesis is that, in a context similar to the one 

studied here, modality does not substantially affect first-grade students’ 

written composition performance or written composition learning. Thus, 

it seems that instruction based on handwriting and instruction based on 

digital tablets can provide children with similar opportunities to develop 

their written composition skills in their first year of school. Before clear 
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recommendations about the choice of modality for initial writing 

instruction can be made, future research should investigate the potential 

transition effects of going from learning to write in one modality to the 

other. 

 

 

Sammendrag 

En viktig bakgrunn for denne avhandlingen er den økende 

digitaliseringen i skolen, og mer spesifikt den norske første-klasse-

virkeligheten, der et økende antall skoler utstyrer elevene med personlige 

digitale enheter til bruk i skriveopplæringen. Forskningen som 

sammenligner effektene av håndskrift og tastaturskriving på barns tidlige 

skriving er imidlertid knapp, funn er inkonsistente og mange av studiene 

lider av metodologiske svakheter, for eksempel utilstrekkelig kontroll av 

deltakernes tidligere skriveerfaring (Wollscheid et al., 2016). 

Målet med denne avhandlingen var derfor å undersøke om 

modalitet – håndskrift på papir eller tastaturskriving på nettbrett med 

tekst-til-tale funksjonalitet – påvirker førsteklassingers prestasjon i og 

læring av tekstkomposisjon, og om disse modalitetseffektene avhenger 

av barnas literacyferdigheter (grafem-fonem-kunnskap, 

framlydsanalyse, fonologisk syntese, ordlesing, staving og vokabular) 

målt ved skolestart. Dette ble undersøkt i et utvalg av norske 

førsteklassinger fra 18 skoler, hvorav fem skoler lærte barna å skrive for 

hånd, fem skoler utsatte håndskriftsopplæringen og lærte elevene å 

skrive på digitalt nettbrett, og åtte skoler lærte barna å skrive både for 

hånd og på digitalt nettbrett. Elevenes tekster ble analysert for lengde og 

kvalitet gjennom formell vurdering av et sett av teksttrekk knyttet både 

til transkripsjon (staving, mellomromsbruk og tegnsetting) og narrativ 

kompleksitet (vokabular, syntaks og narrative strukturer). 

Tekstkvalitetsmålene ble utviklet spesielt for å vurdere 

begynnerskriveres fortellinger, som typisk er korte og enkle. Den 
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statistiske analysen ble gjort gjennom Bayesianske metoder, som kan 

bevise både tilstedeværelse og fravær av effekter. 

Avhandlingen inkluderer fire artikler. Artikkel 1 er en 

vitenskapsteoretisk diskusjon av hvordan tekster av begynnerskrivere 

kan analyseres fra et kvantitativt perspektiv. De tre resterende artiklene 

bidrar til avhandlingen gjennom å empirisk undersøke modalitetseffekter 

på førsteklassingers prestasjon i og læring av tekstkomposisjon. Artikkel 

2 gir evidens for at førsteklassinger, som fra starten av første klasse lærer 

å skrive i begge modaliteter, etter all sannsynlighet produserer 

fortellinger av lik lengde og kvalitet i begge modaliteter. Denne 

artikkelen viser også at mangelen på en modalitetseffekt på prestasjon i 

tekstkomposisjon ikke avhenger av elevenes literacyferdigheter. For 

eksempel skrev ikke elever med svakere literacyferdigheter fortellinger 

av høyere kvalitet i en av modalitetene. 

Artikkel 3 viser at førsteklasseelever som får undervisning basert 

på enten håndskrift eller digitalt nettbrett, med ellers minimal forandring 

i undervisningen, i hovedsak lærer å komponere tekster i samme takt 

gjennom det første året med skriveopplæring. Elevene viste lik utvikling 

av tekstlengde, syntaktisk kompleksitet og nøyaktighet og narrative 

strukturer, uavhengig av om de lærte å skrive for hånd eller på digitalt 

nettbrett. Elever som skrev på nettbrett, presterte bedre på 

transkripsjonsnøyaktighet (stave-, mellomroms- og 

tegnsettingsnøyaktighet), men viste liten eller ingen utvikling av disse 

teksttrekkene gjennom førsteklasse. Elever som skrev for hånd, startet på 

et lavere nivå i transkripsjonsnøyaktighet, men viste utvikling gjennom 

året. Denne forskjellen i prestasjon kan sannsynligvis tilskrives tekst-til-

tale funksjonaliteten på de digitale nettbrettene. Artikkel 4 viser at det 

ikke var noen interaksjonseffekter mellom modalitet og elevenes 

literacyferdigheter på læring av tekstkomposisjon. Det vil si at det var, 

for eksempel, ingen fordeler knyttet til å lære å komponere tekst på 

digitalt nettbrett, eller for hånd, for elever med svakere 

literacyferdigheter.  
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Konklusjonen i avhandlingen er at, i en kontekst lik den som er 

studert her, påvirker ikke modalitet førsteklassingers prestasjon i 

tekstkomposisjon eller læring av tekstkomposisjon i vesentlig grad. Det 

ser altså ut som at skriveopplæring basert på håndskrift og 

skriveopplæring basert på nettbrett kan gi elever like muligheter for å 

utvikle ferdigheter i tekstkomposisjon det første året på skolen. Før klare 

anbefalinger om bruk av modalitet i begynneropplæring kan gis, bør 

framtidig forskning undersøke mulige overgangseffekter i å gå fra å lære 

å skrive i en modalitet til den andre modaliteten.  
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1 Introduction 

1.1 Background and knowledge needs 

The use of digital technology is widespread in educational systems in 

developed countries. Recently, there has been an increase in 1:1 

computing implementations, where students are equipped with personal 

digital devices, such as digital tablets or computers, to be used in school 

(Islam & Grönlund, 2016). In Scandinavia, there has been a turn towards 

introducing personal digital devices in schools even from the first grade 

and using such devices in initial writing instruction (Andresen, 2017; 

Gamlem et al., 2020; Genlott & Grönlund, 2013). This change means 

that traditional writing instruction with pencil and paper is no longer the 

only existing practice in first-grade classrooms. Other practices involve 

postponing handwriting and teaching writing by keyboard first or 

teaching children handwriting and keyboarding in parallel.  

The aim of this thesis is to investigate the effects of these three 

practices on first graders’ written composition performance and written 

composition learning. Broadly, I address two questions. First, I explore 

whether modality – writing by hand or writing by keyboard on a digital 

tablet – affects the length and quality of first-grade students’ 

compositions. Second, I investigate whether one of the modalities better 

supports first graders’ learning of written composition – whether 

learning to compose text in one modality leads to faster written 

composition learning compared to learning to compose text in the other 

modality. 

In Norway, where this PhD study has been conducted, children 

are taught both handwriting and keyboarding in school. The curriculum 

for Norwegian (literacy) prescribes that, by the end of second grade, 

students shall already be able to compose simple texts by hand and using 

a keyboard (Ministry of Education and Research, 2019). The curriculum, 

however, does not prescribe the order of teaching children to write in the 

two modalities, with the result that some schools teach handwriting first, 
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some teach typing first and some teach both handwriting and 

keyboarding simultaneously.  

In the last few years, there has been a large increase in schools 

buying digital devices for all students, including from the first grade. 

There is no complete overview of how many Norwegian schools have 

implemented 1:1 computing, as such decisions are made by local 

educational authorities without national control. A survey of the 100 

largest municipalities in Norway shows that in the academic year 2021–

2022, 81% of the students in primary and lower secondary schools in 

these municipalities had their own digital device provided by the school 

(UiO, 2021). 

In general, the motivation for providing students with personal 

digital devices in school is to enhance learning and equip students with 

the skills necessary to participate in the rapidly changing and highly 

digital society of the 21st century (Islam & Grönlund, 2016; Ricoy & 

Sánchez-Martínez, 2020). A more specific argument for applying digital 

devices in initial writing instruction is that typing, which entails easier 

motor actions than handwriting, lets students concentrate on the 

cognitive processes in writing, i.e. spelling, while the training of the 

motor skills necessary for handwriting can be postponed (Genlott & 

Grönlund, 2013; Trageton, 2003, pp. 80–81). Also, several applications 

with text-to-speech functionality directed towards beginning writers 

have been developed, for example Skoleskrift (Ohlis, 2018), Lingit 

STL+ (Lingit, n.d.) and IntoWords (Vitec, n.d.). The text-to-speech 

functionality pronounces letter sounds, words and sentences while 

students write, and this immediate feedback is argued to support the 

spelling of students who are learning to write (Genlott & Grönlund, 

2013). 

Studying written composition in first graders is important. For 

most children, the ability to commit words on paper or screen develops 

when they enter school (or, in some educational systems, kindergarten). 

Initial writing instruction usually focuses on transcription skills, namely, 

the ability to spell words and output these words in written language. 
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Additionally, initial writing instruction will involve composition of 

simple texts – where children have to learn to generate ideas, translate 

these into linguistic entities and transcribe these sentences as coherent 

text. Mastering such basic writing skills is necessary to develop more 

advanced writing skills, and longitudinal studies have found that 

children’s early writing skills are predictive of later writing performance 

(Juel, 1988; Kim et al., 2015). In general, much of what children are to 

learn in school depends on having good writing skills. Therefore, the 

early formal phase of children’s writing development deserves to be 

studied, and in times of increasing digitalisation, it is particularly 

necessary to investigate the modality effects on children’s writing.  

Previous studies of modality effects on early writing outcomes 

have different foci. Some studies have compared writing performance in 

the two modalities measured at a single time point without any preceding 

intervention. Other studies have compared the effects of writing 

instruction based on different modalities on children’s learning, either of 

written composition or of low-level skills, such as writing letters or 

words. 

The studies that systematically have compared modality effects 

on writing performance at a single point in time sampling children from 

the early primary grades typically apply measures of fluency, speed or 

productivity. In this thesis, only measures of production (number of 

words written) and text quality are applied. However, studies of fluency 

are not irrelevant – if there are differential effects of modality on length 

or quality, fluency might be the mechanism by which such effects occur. 

In a study of children from reception class to Year 6 (N = 312), Connelly 

et al. (2007) found that, across all grades, children produced more correct 

letters in less time when handwriting compared to typing in a sentence-

copying task. Berninger et al. (2009) found that second, fourth and sixth 

graders produced longer essays with faster word-production rates by 

hand than when typing. In both of these studies, however, the children 

had done most of their previous writing by hand. Further, Crook and 

Bennet (2007) found that second graders (N = 72) produced text more 
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quickly when copying text by hand, even though they all had experience 

using computers in class. 

Very few studies have systematically compared modality effects 

on text quality in primary-grade children independently of any writing 

intervention, and to my knowledge, no such studies have examined 

modality effects in first graders. Connelly et al. (2007) found that Year 

5 and 6 children (N = 48) produced texts of higher quality scored 

analytically for both surface and substantive features when writing by 

hand, compared to when using a keyboard. However, these children were 

more experienced in handwriting. Read (2007) found in a pilot study (N 

= 18) that 7- and 8-year-old students wrote texts that were longer and 

rated as better by the teacher when writing by hand than by typing. These 

children had, however, not written on a keyboard before. In another 

small-scale study (N = 16), fourth-grade children who had experience in 

writing in both modalities wrote texts with higher linguistic correctness, 

but not better structural content or more words, when writing on a digital 

tablet compared to writing by hand (Dahlström & Boström, 2017).  

Studies that have investigated the effects of writing instruction 

built on different modalities can be divided into two main groups: studies 

that evaluate the effects of writing instruction based on either 

handwriting or keyboarding with minimal additional change in 

instruction and studies that evaluate specific computer-assisted learning 

interventions. Only the former group is considered in this thesis. A few 

studies have examined primary-grade classrooms where early writing 

skills have been established through handwriting instruction and word 

processors have been introduced in third, fourth or fifth grade, for 

periods spanning from six months to three years. Moore and Turner 

(1988) and Owston and Wideman (1997) found that texts improved more 

in terms of holistic quality when students were trained in typing 

compared to handwriting (N = 204 and 110, respectively). Dybdahl et al. 

(1997), on the other hand, found no differences in holistic quality 

between children (N = 47) receiving handwriting or typing instruction.  
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Two early studies looked at modality effects on learning to 

compose in first-grade children, though not from the very start of the 

school year, and found benefits for typing. Larter et al. (1987) compared 

60 first graders who, for the second semester of first grade, received 

writing instruction based on either handwriting or typing. All students 

had been taught traditional handwriting in the first semester. The results 

showed that children in the typing condition produced texts that were 

longer and of better holistic quality than students in the handwriting 

condition. Jones and Pellegrini (1996) investigated the development of 

first graders’ narratives in students’ writing both by hand and by 

keyboard through a 10-week programme, starting in the winter of first 

grade. When typing, during instruction and at assessment, children had 

the opportunity to use vocabulary support and text-to-speech to have 

their compositions read aloud. The results showed that narratives written 

digitally were lexically denser and more grammatically and lexically 

cohesive than narratives composed by hand, while the texts did not differ 

on measures of endophora, temporal conjunctions or narrative structure. 

A more recent study, Genlott and Grönlund (2016), investigated students 

(N = 255) who, from the start of first grade, received writing instruction 

based either on handwriting methods or on personal digital devices in 

otherwise business-as-usual classrooms. Scores on national literacy tests 

in the third grade showed no differences between the conditions. 

However, this study did not report specific measures of written 

composition.  

In sum, studies of the modality effects of writing instruction 

based on different modalities have tended to indicate that children have 

produced better texts when the instruction is based on typing. However, 

these studies sampled students who had already received some amount 

of formal literacy instruction by hand. It is also worth to note that many 

of the studies were conducted several years ago. Newer practices of 

initial writing instruction which include text-to-speech have scarcely 

been investigated. The study of Jones and Pellegrini (1996) referred to 

above compared handwriting instruction and typing instruction that 
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allowed for read-back of written text, but in combination with 

vocabulary support. A recent study where two first- and second-grade 

classrooms were observed for two days indicates that students seem to 

focus on orthography rather than content while writing on a digital tablet 

with text-to-speech support (Bjørkvold & Svanes, 2021). A few studies 

have compared effects of typing to typing with text-to-speech on written 

composition in students older than first graders. No clear benefits have 

been found for productivity or text quality (Borgh & Patrick Dickson, 

1992; Dahlström & Boström, 2017), but there is some evidence that text-

to-speech in combination with word prediction might support spelling 

accuracy in writers with spelling difficulties (MacArthur, 1998, 1999). 

A body of studies has explored the effects of modality on 

children’s early writing acquisition. These studies have typically 

sampled preschool children and assessed modality effects on learning to 

recognise or write letters or words. Longcamp et al. (2005) and Mayer et 

al. (2020) found that handwriting training led to better letter recognition 

performance in young children aged 3–6 compared to keyboard training. 

Other studies, however, have not found significant differences in the 

letter recognition performance of 4–6-year-old children after training in 

different modalities (Duiser et al., 2022; Kiefer et al., 2015). In addition, 

two studies comparing the effects of training in different modalities on 

word-writing ability in kindergarteners differed in their findings. Kiefer 

et al. (2015) found that, in a group of 23 kindergarteners, the handwriting 

group outperformed the keyboarding group in a word-writing-accuracy 

task tested in the trained modality. In a larger sample of 147 kindergarten 

children, Mayer et al. (2020) did not find that handwriting training 

resulted in better word-writing-accuracy performance than keyboarding 

training. 

Similarly, the results of modality effects on spelling in primary-

grade children show either benefits for handwriting or no difference 

between modalities. For example, Cunningham and Stanovich (1990) 

found that, in first-grade children, learning to spell real words by hand 

led to better spelling performance than learning by typing. On the other 
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hand, Ouelette and Tims (2014) found no difference in spelling 

performance among second-grade students who were trained in either 

printing or typing. This study controlled for children’s prior knowledge 

of words by training their ability to spell non-words. If handwriting 

training can result in better letter learning or spelling of words, it might 

be that at the very start of formal literacy development, learning 

composition by hand is beneficial. 

It is possible that the effects of modality on written composition 

performance and on learning to compose text are not the same for all 

children but that they, for example, depend on children’s literacy skills. 

A body of studies has investigated the relationship between literacy skills 

and writing performance. For kindergarten and first-grade children, there 

is evidence that skills in spelling, reading and oral language are 

associated with children’s productivity/fluency, for example, number of 

words produced (Abbott & Berninger, 1993; Kent et al., 2014; Kim et 

al., 2011, 2014), and writing quality (Abbott & Berninger, 1993; Juel et 

al., 1986; Kent et al., 2014; Kim et al., 2013, 2014). There is also some 

evidence that spelling ability, word-reading ability, and letter knowledge 

can predict the rate at which first graders’ learn to compose text 

(Torrance et al., 2021). Therefore, it is possible that modality and literacy 

skills might have a combined effect on written composition performance 

and learning. 

The above summary illustrates that previous studies of modality 

effects on children’s writing show mixed results. The studies of modality 

effects of writing instruction using different modalities have typically 

found more gains in quality when children have been trained by typing, 

but these studies have not sampled students from the very start of school 

and they are quite old, which means that newer practices that include 

text-to-speech when children type are scarcely explored. On the other 

hand, research on modality effects on learning low-level skills in writing 

has found advantages for handwriting or no modality differences, but 

these studies have typically investigated children younger than first 

graders. Studies that have looked at modality effects on written 
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composition performance at a single point in time have tended to find 

advantages for handwriting, but most of these have sampled students 

who have already written a substantial amount by hand and less by 

typing. Wollscheid et al. (2016) pointed out this limitation in their review 

of studies of modality effects on early writing outcomes, together with 

other methodological problems in many existing studies: lack of control 

for nesting effects and small sample sizes below 50 participants. These 

three methodological issues were considered when designing the present 

PhD project.  

1.2 The present thesis 

The research reported in the present thesis explores modality effects on 

written composition in first graders exposed to three different approaches 

to initial writing instruction: learning to write by keyboard on a digital 

tablet, learning to write by handwriting, and learning to write by hand 

and by keyboard on a digital tablet in parallel. This was possible because 

the PhD project was part of the larger DigiHand project (Gamlem et al., 

2020), which had recruited a relatively large sample of schools 

representing these writing instruction practices. Thus, the research 

reported here involved no researcher-made intervention concerning how 

typing can be taught from the start of school or how specific software 

can be used to enhance written composition skills. Rather, the present 

thesis investigates written composition in first graders’ writing 

predominantly using a keyboard, predominantly by hand or in both 

modalities in otherwise business-as-usual classrooms. As this study is a 

natural experiment (quasi-experiment; Bordens & Abbott, 2005, p. 305–

308), the digital writing reflects an established practice in Norwegian 

schools, namely with digital tablets with touchscreen keyboards and with 

applications that offer text-to-speech support. 

The thesis investigates modality effects on written composition 

by studying the effects on both written composition performance and 

written composition learning. First, this study investigates whether one 
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of the modalities can better support the text production of writers who 

are at the very start of their formal literacy development. Second, as first 

graders are learning to write, their improvement in composition ability is 

likely to be substantial in the first school year. It is therefore of interest 

to investigate whether modality affects the rate at which their 

compositional writing grows. Unlike previous studies of modality effects 

on written composition in young writers, the present study samples 

students from the very start of school, thereby minimising possible 

problems with children being more experienced in handwriting. 

An important contribution of the present thesis is the assessment 

of children’s narratives using a text-analytic approach. The quality of the 

students’ compositions was measured using a set of text features 

specifically aimed at describing short and inaccurate texts typically 

produced by beginning writers. A text-analytic approach promotes 

explicit and transparent evaluation and makes it possible to investigate 

whether some, and not all, features of texts are affected by modality. 

Another strength of the present work is that Bayesian methods 

were used in the statistical analysis. These permit robust inferences, both 

in the presence and absence of a true effect. As is clear from the summary 

of previous research, there is a possibility that the true modality effect is 

zero, and it is therefore of value to use statistical methods that allow for 

finding evidence in favour of both the alternative and null hypotheses.  

This thesis aims to answer the following overall research 

question: Does modality – handwriting with pencil on paper or 

keyboarding on a digital tablet with text-to-speech functionality – affect 

first graders’ written composition performance and written composition 

learning? 

This overarching question is unpacked through four subordinate 

research questions: 

 

1. Does modality affect written composition performance in first 

graders? 
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2. If modality has an effect on first-grade children’s composition 

performance, is this dependent on children’s literacy skills? For 

example, do children with weaker literacy skills produce 

compositions of better quality when composing in one or another 

modality? 

3. Does modality affect first graders’ learning of written 

composition? 

4. If modality has an effect on first-grade children’s written 

composition learning, is this dependent on children’s literacy 

skills? For example, do children with better literacy skills learn 

written composition faster when learning to write in one or 

another modality? 

 

These four research questions are answered in three empirical articles. In 

addition, the thesis includes an article that discusses fundamental 

questions concerning text analysis in quantitative studies. The next 

section presents the articles and shows how they together answer the 

research questions of the thesis. 

  

1.3 Articles of the thesis 

1.3.1 The individual articles in this thesis1 

 

Article 1: Spilling, E. F. (2021). The measurement of text quality. In T. 

A. Haugen, S.-A. Myklebost, S. J. Helset, & E. Brunstad 

(Eds.), Språk, tekst og medvit [Language, text, and 

consciousness] (pp. 47–66). Cappelen Damm Akademisk. 

https://doi.org/10.23865/noasp.146  

 
1 Author contributions of each article can be found in Appendix 1. 
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Article 2: Spilling, E. F., Rønneberg, V., Rogne, W. M., Roeser, J., and 

Torrance, M. (2022). Handwriting versus keyboarding: Does 

writing modality affect quality of narratives written by 

beginning writers? Reading and Writing, 35(1), 129–153. 

https://link.springer.com/article/10.1007/s11145-021-10169-

y 

Article 3: Spilling, E. F., Rønneberg, V., Rogne, W. M., Roeser, J., and 

Torrance, M. (2023). Writing by hand or by keyboard: Does 

modality affect rate of learning to compose text in first grade? 

Under review, 2nd revision, Computers & Education. 

Article 4: Spilling, E. F. (2023). Effects of literacy skills on learning to 

compose narratives: A comparison of children writing by 

hand and by keyboard. Manuscript prepared for submission. 

 

1.3.2 Relationship between the research questions and the 

articles 

Figure 1 shows the relationship between the research questions and the 

articles included in this thesis. It also displays the sample and design of 

each empirical article.  

Article 1, placed in the margin of Figure 1, is a discussion of text 

analysis from a philosophical viewpoint. The thesis is grounded in a 

naturalistic, postpositivist worldview (cf. Section 3.5.1), and consistent 

with this, the three empirical articles have a quantitative design. The 

philosophical worldview also has consequences for the text analysis; for 

example, the texts should be analysed systematically and objectively. 

However, as texts are products of meaning expressed linguistically and 

beginning writers typically produce texts that are rudimentary, it is worth 

discussing how an analysis of beginning writers’ texts can be conducted 

objectively. Article 1 discusses, with a philosophical backdrop, how I 

approached the texts in the empirical articles and the challenges involved 
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in this process. Article 1 directly discusses Article 2, and the text 

examples used were written by students in Sample 1 (hence, the arrow 

from Article 2 to Article 1 in the figure).  

Research question 1 of this thesis concerns the modality effects 

on written composition performance, which was first investigated in a 

sample of students who were taught to write by hand and use a digital 

tablet in parallel (‘mixed schools’). These children, whom I call Sample 

1, were tested for literacy skills at school entry and their written 

composition performance was measured in both modalities in 

November. As these children learned to write in both modalities, Article 

2 investigated whether modality per se affects written composition 

performance in children who are at the very beginning of their formal 

writing development. 

Modality effects on written composition performance were 

further investigated in Sample 2, which consisted of five schools that 

taught children to write by hand (‘handwriting schools’) and five schools 

that taught children to write by typing on a digital tablet (‘typing 

schools’). The written composition performance of these students was 

tested at five time points throughout the first grade in the modality in 

which they learned to write, the first time point concurrently with the 

students in Sample 1. These data provide knowledge about the effects of 

modality on written composition performance in students who learn to 

write in one modality. If a difference in written composition performance 

between students in handwriting and typing schools is found, this might 

be a result of both modality effects at assessment and modality effects 

on learning to write. For example, if students in typing classrooms 

perform better than students in handwriting classrooms at a specific point 

in time, this might be due to a modality effect on how students write on 

the specific assessment occasion, but also because of a modality effect 

on learning to write up to the time of testing. Modality effects on written 

composition performance in handwriting and typing classrooms are 

reported in Article 3. 
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Figure 1. Illustration of how the research questions are related to the articles 
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Research question 2 explores whether the modality effects on 

written composition performance depend on (interact with) children’s 

literacy skills. This was investigated in Sample 1, where the data from 

the literacy tests at school start were combined with the writing 

performance data. This analysis is presented in Article 2. 

Research question 3 examines whether modality affects first-

grade children’s learning of written composition. It was important to 

sample children from handwriting schools and typing schools when 

answering this research question, because a between-subject design 

makes it possible to isolate the effect of each modality on children’s 

learning to compose. If students from mixed schools were sampled, it 

would not have been possible to isolate the effect of each modality on 

children’s learning of written composition, because both modalities were 

allowed to affect the learning simultaneously. Research question 3 is 

answered by Article 3, which used the written composition performance 

data from the five time points and investigated the rate at which 

performance improved for children learning to write in the two 

modalities. 

Research question 4 concerns whether the modality effects on 

learning to compose text depend on children’s literacy skills. This was 

investigated in Sample 2 and Article 4. Article 4 used the same data as 

Article 3 – writing samples from five time points – but added the scores 

on the literacy tests at school entry. Therefore, this article could answer 

whether the modality effects on learning to compose text explored in 

Article 3 are the same for all children independently of their literacy 

skills. 

1.4 Key concepts 

1.4.1 Written composition performance and learning 

In this thesis, I study children’s writing and use the term written 

composition to refer to meaningful text that consists of more than single 
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graphemes or a few single words, or, more precisely, a written coherent 

multi-sentence text. For first graders, written composition typically 

means a narrative text, which is also why the writing tasks used in this 

work invited children to write stories. Being able to compose a narrative 

requires a child to master several writing skills in parallel: to generate 

and structure ideas in line with genre conventions, to formulate accurate 

and complex clauses, to apply appropriate words and to spell, space and 

punctuate the text.  

In this thesis, children’s written composition performance is 

measured by the length and quality of the composition children produce 

on a specific writing assessment occasion. The quality was assessed 

analytically by scoring a set of text features related to narrative 

composition (vocabulary, syntax and narrative structures) and 

transcription (spacing, spelling and punctuation).  

The children’s learning to compose text was measured by 

changes in written composition performance over time. Children’s 

written composition performance was tested on several occasions – the 

first chosen to be late November, when children had received 

approximately three months of instruction and one could expect that 

children would manage to produce simple narratives. The last test 

occasion was in June, just before the children were to finish the first 

school year. Therefore, children’s written composition learning – the 

improvement in length and composition quality from the first to last test 

occasion – could be measured. Again, quality was assessed by a set of 

text features, reflecting the ability to generate and structure content, form 

accurate and complex clauses, apply appropriate words, and spell, space 

and punctuate text. 

1.4.2 Modality 

Modality refers to handwriting and keyboarding/typing, which are two 

output media or modes that can be used to transcribe ideas and oral 

language into written text. In this thesis, keyboarding was done using a 
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digital tablet with an electronic touchscreen keyboard. Writing both for 

instruction and assessment allowed for text-to-speech, which means that 

while writing students would hear both letter sounds, words and 

sentences read aloud (see Section 3.3.1 for more details). I use the terms 

keyboarding and typing interchangeably.  

1.4.3 Transcription and inscription 

Transcription refers to the process of both spelling and handwriting or 

keyboarding. Inscription refers to this latter component without 

specifying the modality – the process of motor planning and execution 

of the retrieved word-spellings (Rønneberg et al., 2022). 

1.4.4 First graders 

In Norway, the first grade is the first year of formal writing instruction. 

Children start school the year they turn six (see Section 3.1 for more 

details). I also refer to the first-grade students as beginning writers and 

young writers to make the text more readable. In contexts where it is 

important to separate first graders from younger or older students, I 

specify information about age or grade. 

1.5 Outline of the thesis 

This thesis consists of an extended abstract and four articles. The 

extended abstract presents the coherence of the thesis by compiling, 

elaborating and discussing the research questions, methodological 

aspects and findings from the individual articles. The extended abstract 

is organised into five chapters. This first chapter has outlined a brief 

background to the thesis and introduced the research questions of the 

thesis. Chapter 2 presents some theoretical perspectives that might 

explain why modality affects children’s written composition 

performance and learning. In Chapter 3, I discuss the methodological 

choices, present the philosophical foundation on which this thesis rests 



Introduction 

29 

and introduce the Bayesian framework used for the statistical analysis. 

Chapter 4 provides a summary of the findings of the three empirical 

articles that answer the research questions. In Chapter 5, the findings are 

discussed before the limitations, recommendations for future research 

and implications are outlined. Finally, the four articles are presented in 

their full form. 
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2 Theoretical foundation 

In the following, I first point out how handwriting and keyboarding differ 

in their processing demands. Then, I discuss some theoretical 

perspectives that contribute to understanding why modality might affect 

first graders’ written composition performance and written composition 

learning. 

2.1 Transcription in different modalities 

Many of the underlying processes in composing text are the same, 

regardless of which modality is used to output the text. The inscription 

process, however, is different when composing by hand compared to 

composing by keyboard. 

Van Galen (1991) described the process of writing by hand as a 

set of processing modules that each address a specific feature of the 

message. The modules are structured hierarchically, with the output from 

the preceding module functioning as input for the next lower module. 

The three top modules concern the activation of intentions (ideas), 

retrieval of relevant semantic concepts and syntactical construction. Next 

comes the spelling stage, which involves finding a graphemic 

representation of the relevant words. Further, the writer needs to select 

allographs – variants of the graphemes – that represent the actual shape 

the grapheme will take. The selection of allographs is then followed by 

a motor programme that involves finding the appropriate letter size (the 

size control module) and outputting on paper the letters through specific 

letter strokes (the muscular adjustment stage). In this model, all modules 

work concurrently. Higher levels, which have passed on input to the 

lower stages, start processing related to the forthcoming parts of the 

message (van Galen, 1991). 

Typing differs from handwriting in both the cognitive and the 

motor processes related to inscription – the processing that in the model 

of van Galen (1991) is at the stage of selection of allographs or lower. 
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When typing, the writer has access to external representations of the 

letters on the keyboard, which might cue retrieval. For beginning writers, 

it might be less demanding to recognise letters than to retrieve them from 

memory. On the other hand, when selecting the correct letter, a child has 

to be able to ignore the other, potentially distracting letters also found on 

the keyboard.  

Handwriting presupposes having precise muscle control of the 

fingers, hand and arm to produce letters that consist of specific 

combinations of strokes (Dinehart, 2015; van Galen, 1991). For 

beginning writers, who typically type using one or two (index) fingers, 

writing by keyboard involves less fine motor control and the same motor 

action for producing all letters (Beschorner & Hutchison, 2013; Mangen 

& Velay, 2010). Acquiring keyboarding fluency, for example, writing 

through the touch-keyboarding method, involves learning more complex 

processes than typing with one finger (Freeman et al., 2005; Perminger 

et al., 2004). 

Writing digitally can offer spelling support through spellchecking 

or text-to-speech technology. In the research reported in the present 

thesis, students writing by keyboard could use text-to-speech, which 

provided read-back while writing. It is not clear whether text-to-speech 

supports transcription in beginning writers or whether it might distract 

the writers (which I return to below in Section 2.3). 

2.2 The link between transcription and text quality 

As described by Juel and colleagues (1986) in the simple view of writing, 

the production of written text must, at a minimum, include the abilities 

to generate ideas and to output these as written language. If children 

cannot spell or form/find letters, they will not be able to express their 

ideas in written form. When struggling with inscription or spelling, this 

may lead to production of shorter texts. A very short text will probably 

not have well-developed ideas or include relevant details that may be 

important features of good texts. There is evidence that text length 
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correlates with holistic rating – that shorter texts typically receive lower 

quality scores than longer texts (Charney, 1984; Froese, 1989). The 

evaluation of text quality will in many cases directly or indirectly involve 

the assessment of handwriting and spelling, and struggling with these 

skills may therefore influence the quality rating negatively. If typing, 

compared to handwriting, makes transcription easier, this might help 

students write more words and produce neater letters, which again might 

lead to better quality in the compositions they produce. 

 There are also theories that link transcription skills to text quality 

based on the capacity-sharing hypothesis. Capacity theory understands 

writing as the coordination of various processes that draw on the same 

cognitive resources, and increased costs in one process will reduce 

resources available for other processes (McCutchen, 1996; Torrance & 

Galbraith, 2006). A problem with capacity explanations of writing 

processes is that they to a limited extent fulfil the criteria of falsifiability; 

that is, they can be used to explain almost any pattern observed in the 

data (Torrance & Galbraith, 2006). Still, the capacity-sharing idea in 

some form is incorporated in several theories of developmental writing, 

for example, the not-so-simple view of writing (Berninger & Winn, 

2006) and the direct and indirect effects model of writing (DIEW; Kim 

& Park, 2019; Kim & Schatschneider, 2017).  

The not-so-simple view of writing expands the simple view of 

writing by including executive functions (e.g. attention, planning, 

revising and self-monitoring) in addition to text generation (ideation) and 

transcription (spelling and handwriting/keyboarding). This model also 

posits that these three components are coordinated by working memory. 

Long-term memory is activated during planning, composing, reviewing 

and revising, and short-term memory is activated during reviewing and 

revising output (Berninger & Winn, 2006). 

The DIEW builds on the simple and not-so-simple view of 

writing and extends them by including higher-order cognitive skills, 

background knowledge, and affect and motivation as components 
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contributing to writing development and by specifying the structural 

relationships between the component skills. 

DIEW specifies two large categories of skills: discourse oral 

language (corresponding to ideation/text generation in the simple and 

not-so-simple view of writing) and transcription skills. Discourse oral 

language is hypothesised to draw on both foundational oral language 

skills (e.g. vocabulary and grammatical knowledge) and higher-order 

cognitive skills (e.g. reasoning, monitoring). Transcription skills depend 

on knowledge of phonology, orthography and semantics. The DIEW 

postulates that component skills are related in a hierarchy where higher-

order skills depend on lower-order skills, and the effect of lower-order 

skills is partly or completely mediated by higher-order skills. For 

example, executive functions are seen as foundational for both discourse 

oral language and transcription skills. Further, it is assumed that even 

though the components of DIEW all contribute to overall writing 

development, their contribution will vary depending on both the 

developmental phase and the writing dimension. It is, for example, 

assumed that young writers use their mental resources primarily for 

transcription, but with the increasing automatisation of transcription 

skills, more resources can support processes related to discourse oral 

language skills (Kim & Park, 2019).  

From a capacity-sharing perspective, the low-level processes of 

transcription put demands on children to such an extent that less attention 

is left for higher-level processes. If one of the modalities, for example, 

typing, places less costly inscription demands on the writers, it is 

possible that more resources can be freed to generate ideas, form accurate 

clauses, select appropriate words and spell more accurately.  

It may also be that the relationship between children’s 

transcription skills and the quality of their compositions is not causal. 

For example, Rønneberg et al. (2022) investigated the process-disruption 

hypothesis – the assumption that lack of fluency in spelling and/or typing 

leads to disfluency in producing text, which again may damage the 

quality of the final product. They found that sixth-grade students with 
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weaker typing abilities hesitated more when producing text, but they did 

not find evidence that this affected the quality of the resulting 

compositions. The authors discussed possible explanations, one of which 

is that motor planning and spelling retrieval do not share processing 

resources with other upstream (higher-level) processes. Further, they 

argued that there might exist child-level factors that can explain both 

transcription skills and the ability to produce high-quality compositions.  

2.3 Effects of text-to-speech support 

As noted in the Introduction there is limited research on the effects of 

text-to-speech on written composition. It has been argued that this 

functionality is beneficial for beginning writers by providing immediate 

feedback on spelling while children write (Genlott & Grönlund, 2013). 

However, it has been observed that text-to-speech might disturb 

children’s writing and that children do not necessarily manage to correct 

the spelling errors they detect through the text-to-speech, which might 

cause frustration (Bjørkvold & Svanes, 2021). If text-to-speech 

functionality relieves the burden of spelling, more resources can be 

deployed to writing more words, or – as indicated by capacity theory 

(McCutchen, 1996) – to develop substantive features when composing. 

On the other hand, it is not clear that text-to-speech functionality 

supports the very production of words. This functionality does not 

necessarily make the spelling process less costly or more fluent. Rather, 

using text-to-speech might lead to an increased focus on spelling words 

accurately. This could mean that resources that otherwise can be 

deployed for developing high-level text features are occupied for 

monitoring spelling. Similarly, increased attention towards correct 

spelling may not entail increased production fluency. As Rønneberg et 

al. (2022) argued, misspellings are not necessarily produced disfluently, 

and correctly spelled words are not necessarily produced fluently. 

Hearing (misspelled) words read aloud while composing might disrupt 
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other ongoing processes, which again potentially might have negative 

effects on the final product. 

2.4 Learning to compose in different modalities 

Learning to write means learning several complex component skills, cf. 

the simple view of writing, the not-so-simple view of writing and the 

DIEW briefly presented above. For most children, learning to compose 

text requires explicit instruction (Kellogg, 2008). As described by 

Rijlaarsdam and Couzijn (2000), beginning writers are faced with a 

double task when composing – both producing a composition and 

simultaneously developing their writing skills. If writers focus their 

attention on forming or finding letters, there might be few resources left 

for learning spelling and higher-level processes. If one modality can 

relieve the inscription demands and more attention can be directed 

towards developing writing skills, the rate at which children learn might 

be affected positively. In addition, if the inscription is supported in one 

modality, children might produce more text. Learning to apply higher-

level features in composition, such as organising text on the macro level, 

presupposes the ability to write texts of some length. In addition, being 

able to write more words might enhance students’ motivation for writing, 

again positively affecting their learning. Additionally, longer 

compositions might yield more teacher feedback from which children 

can learn. 

 In a natural classroom setting, modality has potential to influence 

how writing is taught. For example, when children learn to write by hand, 

they must practice letter formation. If initial writing instruction is based 

on keyboard, time that otherwise would have been spent on letter 

formation might be used on other writing activities. However, changing 

instruction to exploit the potential offered by digital affordances might 

require much from the teacher, both in terms of motivation and 

competence. From previous research there is an indication that 

introducing digital tablets in primary-grade classrooms to a limited 
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extent change the classroom practices compared to traditional teaching 

practices (Ricoy & Sánchez-Martínez, 2020).   

2.5 Do modality effects depend on children’s literacy 

skills? 

It is possible that modality affects written composition performance and 

learning differentially, for example, depending on children’s literacy 

skills. As suggested by the models of writing cited above there is a range 

of skills that directly or indirectly may contribute to writing. For 

example, phonological awareness may be a prerequisite for being able to 

spell (Juel et al., 1986), and vocabulary skills may be central for 

generating content (Kim & Park, 2019). It might be that the effects of 

modality interact with the effects of children’s literacy skills on their 

written composition performance. If inscription is easier in one of the 

modalities, children with weak letter knowledge may be supported in 

their text production in this modality. If a child struggles to remember 

letter shapes, visual cues on the keyboard might make it easier to produce 

words. Also, if typing can free resources for higher-level processing 

through easier inscription demands (cf. McCutchen, 1996), children with 

well-developed skills might better exploit their literacy skills to produce 

good compositions when typing. 

Hypothetically, it might be that when learning written 

composition, the combination of children’s literacy skills and the 

modality in which they learn to write influence the rate at which they 

learn to compose. If one of the modalities is more resource demanding, 

children who start school with weak inscription skills may be 

disproportionately affected when learning to write in this modality. They 

will struggle more with inscription and will have fewer resources left for 

learning higher-level composition skills (cf. Rijlaarsdam & Couzijn, 

2000). Another example could be children with well-developed literacy 

skills who might take advantage of these skills if inscription demands are 
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relieved. Potentially, for these students, writing in this modality might 

result in faster learning of composition. 
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3 Methodological perspectives and reflections 

Each of the empirical articles included in this thesis has detailed 

methodological accounts. In the following, I comment on the 

methodological aspects that concern the thesis as a whole and elaborate 

on aspects that require discussion. This section also presents the 

philosophy of science on which this thesis rests. I relate the philosophical 

stance to the account of the text analysis executed in this work, as the 

philosophical stance was decisive in how I analysed the texts. Further, 

some space is devoted to a presentation of Bayesian statistics, as this 

approach to statistical analysis is not as well known within writing 

research as the more mainstream approach of frequentist statistics. 

Finally, ethical aspects are considered. 

3.1 The Norwegian context 

Most Norwegian children attend kindergarten a few years before 

entering school (The Norwegian Directorate for Education and Training, 

2020). The pedagogical content of kindergartens is nationally prescribed, 

and kindergartens are obliged to stimulate children’s language 

development (The Norwegian Directorate for Education and Training, 

2017). However, there is no formal writing instruction in kindergarten.  

Children start school in August of the year they turn six. Usually, 

children go to their local state school. All education offered by state 

schools is free, and schools are financially resourced by the state. The 

content of primary-grade instruction is nationally prescribed, and so is 

the number of hours of teaching. As mentioned in Section 1.1, the 

Norwegian curriculum prescribes that children have to learn to compose 

texts by hand and keyboard by the end of the second grade, but the order 

of teaching writing in the two modalities is not specified.  

The use of computers to support the writing of beginners has been 

argued for for some time through the reading-through-writing approach 

(Trageton, 2003). Recently, these thoughts have received renewed 
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interest along with the development of applications with text-to-speech 

technology that might support students’ learning to write and with a large 

number of schools purchasing personal digital devices for their students. 

The Norwegian language has relatively regular phoneme–

grapheme mapping. The orthography is considered rather shallow, with 

Finnish being shallower but Swedish, French and English being deeper 

orthographies (Seymour et al., 2003). Norwegian has two written 

standards, Bokmål and Nynorsk, which are linguistically very similar. 

The core area of Nynorsk is in the western part of Norway, where the 

data were collected. 

3.2 The DigiHand project 

The present work has been part of the larger project, DigiHand – The 

Emergence of Handwriting Skills in Digital Classrooms (Gamlem et al., 

2020). This project is a cooperation between Volda University College 

and the Reading Centre (Stavanger University) and financed by the 

Norwegian Research Council (grant number 273422). In total, 33 

schools (and only one class from each school) from Western Norway 

participated in the project. To be included in the project, schools had to 

use Nynorsk as the main written standard in school, and there had to be 

a minimum of 10 students in the first-grade class. Further, schools 

applying three different approaches to initial writing instruction were 

sampled: (1) writing instruction based on a personal digital device 

postponing handwriting instruction (typing schools), (2) handwriting 

instruction based on traditional methods using pencil and paper 

(handwriting schools) and (3) a combination of handwriting instruction 

and instruction with a personal digital device (mixed schools). The 

decision to adopt a typing-first, handwriting-first or mixed-approach to 

writing instruction was made by the educational authority at the district 

(municipality) level. Thus, these three instructional practices represent 

naturally occurring practices. More details about the DigiHand project, 
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for example, about the sample of 33 schools, can be found in Gamlem et 

al. (2020). 

3.3 Design and participants 

The three empirical studies encompassing this thesis were developed 

within the frame of the DigiHand project. Including schools representing 

the three different writing instruction practices and applying both within-

subjects design and between-subjects design made it possible to 

investigate modality effects on written composition from different 

perspectives (cf. Section 1.3.2). Of the 33 schools that took part in the 

DigiHand project, 18 comprised the sample in this thesis – eight mixed 

schools, five handwriting schools and five typing schools. See Figure 1 

presented in the Introduction for a visual reminder of the sample and 

design of the articles. All students were tested for literacy skills in 

September, which was in their second to fifth week of school. Written 

composition assessment was done at five time points from November to 

June, with approximately seven-week intervals. Students in the mixed 

schools wrote two texts at the first time point, one by hand and one on a 

digital tablet. Students from the handwriting and typing schools wrote 

one text at each time point, all in the modality in which they learned to 

write. 

The 18 schools were located in rural or semi-rural parts of 

Western Norway. The typing schools and the mixed schools came from 

regions where the educational authorities had decided that digital devices 

should be used from the start of school. These regions have implemented 

the use of digital devices from the first grade for pedagogical reasons, 

for example to enhance learning (cf. Section 1.1).  

 Students in the typing and handwriting schools made up one 

sample that was investigated in Articles 3 and 4. It was ensured that the 

two groups of schools were equivalent with regard to factors such as the 

mean class size and socioeconomic status of the students. Inclusion 

criteria for being part of the DigiHand project were the use of Nynorsk 
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as a written standard and more than ten students in the class. When I 

selected five handwriting schools and five typing schools from the 

overall DigiHand sample, the schools (classes) were pair-matched for 

class size. I also consulted official statistics from Statistics Norway 

(SSB, 2021) for the municipalities in which the typing and handwriting 

schools were located. These statistics indicated no meaningful 

differences in family income, adult educational attainment or educational 

expenditure per pupil between conditions. As mentioned in Section 3.1, 

schools are financed by the state, which means that schools that provide 

children with personal digital devices do not have more financial 

resources than those that do not. Children usually go to their local state 

schools, and all education offered by state schools is free. When starting 

school, children have normally attended kindergarten and the preparation 

and language stimulation children receive will be fairly equal across 

kindergartens. There will have been some variation related to both 

schools and students, but there is reason to believe that the only 

systematic difference between the two groups of schools (conditions) 

was the form of the writing instruction with teaching writing either by 

handwriting or by keyboarding on a digital tablet. 

3.3.1 Conditions 

3.3.1.1 The handwriting condition 

Schools were selected for this condition if (a) the initial writing 

instruction was based on the use of pencil and paper and (b) the school 

did not provide children with personal digital devices. Writing on digital 

devices could occur (in computer labs or by sharing sets of 

tablets/computers), but it did not form a significant amount of the 

instruction. 
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3.3.1.2 The typing condition 

The typing condition included schools that (a) based the initial writing 

instruction on the use of a digital tablet, postponing handwriting 

instruction and (b) provided all students with personal digital tablets to 

be used in writing (and some other) lessons. 

When writing, the students produced text on an electronic 

touchscreen keyboard on personal digital tablets. A touchscreen 

keyboard differs from a physical keyboard in the tactile feedback they 

provide, and for experienced typists touchscreen keyboard might slow 

down typing speed and fluency (J. H. Kim et al., 2014). However, 

children learning to type do not use touch typing and need to see the keys 

they press, and the differences between the types of keyboards are 

therefore probably not that pronounced for beginning writers.  

The teachers reported that students used the applications 

Skoleskrift (Ohlis, 2018), STL+ (Lingit, n.d.) or BookCreater (Book 

Creator, n.d.), integrated with Intowords (Vitec, n.d.). All of these 

applications offer text-to-speech technology. Teachers reported that 

students could use this functionality during instruction and assessment 

tasks and that, in general, their students used text-to-speech, although a 

few students sometimes chose not to use it. The text-to-speech 

functionality means that when writing a letter, the child heard the 

corresponding sound, when pressing the space button, the preceding 

word was read aloud and when typing a sentence terminator the 

preceding sentence (or group of words) was read aloud. Additionally, the 

whole text could be read on demand. The teachers also reported that other 

writing support, such as spell checking, was turned off during writing 

instruction and assessment tasks. Text-to-speech is assumed to provide 

students with much the same support as spellcheckers. It is also assumed 

to be easier for beginning writers to use because it does not require the 

same level of spelling and decoding skills as spellcheckers. 



Methodological perspectives and reflections 

43 

3.3.1.3 The mixed condition 

Schools were included in the mixed condition if (a) initial writing 

instruction involved both handwriting instruction and the use of a digital 

tablet and (b) the school provided students with personal digital tablets 

to be used in writing (and some other) lessons. 

 When writing digitally, students in this condition produced text 

on an electronic touchscreen keyboard on personal digital tablets. 

Teachers reported that students used the applications Skoleskrift (Ohlis, 

2018) or BookCreater (Book Creator, n.d.) integrated with Intowords 

(Vitec, n.d.). These applications offer text-to-speech, and the teachers 

reported that the students had the opportunity to use this functionality 

during writing instruction and assessment. The same settings for this 

functionality were used as in the typing condition (spoken feedback of 

both letters, words and sentences, and the whole text on demand).  

Several of the teachers also stated that they had not yet had time to train 

children in this functionality when they were assessed in November. 

Other writing support, such as a spellchecker, was disabled during 

writing instruction and assessment tasks. 

3.3.2 Treatment fidelity 

This work studies natural practices where the modalities play different 

roles in writing instruction, which was otherwise business-as-usual 

instruction. It had to be checked that the three conditions actually 

differed with regard to the modality used in writing instruction – that the 

typing condition involved instruction primarily by digital tablets, that the 

handwriting condition involved instruction more or less exclusively by 

hand, and that the instruction in the mixed condition was fairly balanced 

between handwriting and typing. First, inclusion in the DigiHand project 

and selection for each condition were based on the schools’ policy 

related to the provision of personal digital devices. The schools reported 

their intended writing practice at the start of the year, and the availability 

of the equipment (personal digital devices or not) would further make it 
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possible to execute the practices. Second, fidelity treatment was checked 

by surveying all teachers about their writing instruction practice in both 

the first and second semesters of the first grade. Teachers were asked to 

report how they introduced new letters and how much time they typically 

would spend on different writing-related activities, for example writing 

letters and words and discussing what makes a good text. 

Responses from the teacher questionnaire indicated some 

variation in the content of the writing instruction, as could be expected 

in a natural experiment. However, teachers in the mixed condition 

generally reported that children did writing activities both by hand and 

by digital tablet. In the handwriting condition, teachers reported that 

activities with pencil and paper dominated, while in the typing condition, 

teachers reported that writing activities involving the use of digital 

tablets dominated. Articles 2 and 3 provide more details. 

 

3.4 Writing tasks and procedures for assessment 

3.4.1 Developing writing tasks 

As is the case in most previous research on written composition in first 

graders, the narrative genre was chosen for the writing tasks. The 

narrative genre is also the most widely used genre in writing in primary-

grade Norwegian classrooms (Graham et al., 2021; Håland et al., 2019).  

An effort was made to make the writing tasks relevant for the 

children, as not only technical writing skills but also motivation are 

crucial for writing (Bruning & Horn, 2000). The topic of the tasks 

reflected situations that first graders could recognise, persons with whom 

they could identify and animals that could motivate writing. They were 

designed as pictures showing a scene inviting a story to be told, like a 

monkey on his way to steel a banana from a passer-by, a boy and a girl 

playing football and having lost their football in a tree. When writing, 

each student got a print of the picture on their desk – the idea being that 
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a colourful, delicate picture could inspire writing. In addition to the 

picture, students were provided with three words that denoted central 

persons or objects in the picture. If there were students with weakly 

developed transcription skills, they could copy these three words. All 

tasks are presented in Appendix 2. 

In line with recent writing research emphasising that writing in 

school should be authentic (cf. Håland et al., 2019), a framing story of 

an audience was made. This audience was Teddy bear Elling, who loves 

stories (‘Elling som elsker fortelling’), and a dialogue was created 

between Elling and the students – he wrote letters back to the students 

with pictures of him reading their stories, asking for more texts, etc.  

Successful writing assignments often include preparatory work 

to provide pupils with common experiences and topic help (Kvistad & 

Smemo, 2015). Therefore, a short introductory plan was made to ensure 

that all students were reminded of the narrative genre through a brief 

explanation of what a story was and some examples of stories.  

A pilot study was conducted in a first-grade classroom to test two 

of the writing tasks and the teacher’s instructions. I was present and 

observed the lesson, and after the lesson, the teacher was invited to give 

feedback on the teaching plan. Minor adjustments were made to the 

instructions after the pilot; for example, the size of the print of the 

instructions was increased. Alternatives for handing in the texts were 

also discussed with the teacher. 

3.4.2 Written composition assessment (procedures) 

The teachers administered the writing assessment. They were given 

detailed and tight instructions to follow and received all necessary 

material, both by email and on paper by mail, prior to each assessment 

occasion. This included introductory material, tasks and – in the 

handwriting and mixed condition – paper on which to write, copied to all 

students. The teachers were encouraged to motivate the students to do 
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their best and not answer questions about spelling or what to write, other 

than repeating the general instruction. 

 Each writing task, including the introductory part, was conducted 

within a 45-minute lesson. Students who finished early were instructed 

to read a book quietly. The reason for giving the students so much time 

was to make sure all could finish their compositions. 

 In the handwriting condition, assessment tasks were written by 

hand; in the typing condition, assessment tasks were written on a digital 

tablet; and in the mixed condition, students were assessed in both 

modalities. When the assessment was done by handwriting, the children 

wrote with pencil on paper, and I provided the teachers with sheets of 

paper on which students were to write. The sheets were lined and of a 

thicker quality than ordinary copy paper (160 gsm). When the 

assessment was done using a digital tablet, students wrote in the 

application and with the writing support they usually used during 

instruction (cf. Section 3.3.1). 

Two different writing prompts (Task A and B in Appendix 2) 

were used for assessment in the mixed condition, and these were 

counterbalanced across classes. Similarly, modality was 

counterbalanced across classes in this condition. Five different tasks 

(Task A, B, C, D and E in Appendix 2) were used for assessments in the 

handwriting and typing conditions, and these tasks were counterbalanced 

across time and condition. 

3.5 Text analysis – foundational issues and measures 

applied 

Before explaining how the texts were analysed, I give an account of the 

philosophical foundation on which this thesis rests. I have positioned this 

part here, as the philosophical ideas were decisive in how I analysed the 

texts. 
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3.5.1 Philosophical stance 

All research is underpinned by a philosophical worldview. This 

philosophical foundation comprises ontological and epistemological 

assumptions that guide the researcher when conducting an enquiry 

(Creswell & Creswell, 2018, p. 5). Within the philosophy of social 

sciences, there is generally a distinction between naturalistic approaches, 

which hold that the social sciences should embrace the aims and methods 

of the natural sciences, and interpretivist approaches, which argue that 

the social sciences must develop their own ideals and methodology to 

account for the meaningful phenomena of the social world (Gorton, 

2010; Rosenberg, 2016, p. 11–33). This thesis belongs to the former 

tradition. Cognitive writing research, arising from cognitive psychology, 

aims to explain writing performance and learning through cognitive 

processes by developing theories and models that can be tested 

empirically (MacArthur & Graham, 2016). These ideals are parallel to 

those found in the natural sciences, which, through empirical 

investigation, seek to uncover natural laws that can allow for explanation 

and prediction.  

This thesis also positions itself within what Philips and Burbules 

(2000) call a postpositivist orientation. As the term postpositivist 

indicates, this philosophical orientation challenges aspects of traditional 

positivism, which has been influential in the philosophy of science 

underlying the natural sciences. The main criticism concerns the 

positivist foundationalist view of knowledge, which upholds that 

knowledge is built on unchangeable foundations. Postpositivism, on the 

other hand, sees knowledge as conjectural (Philips & Burbules, 2000, p. 

26). Knowledge has to be soundly based, but it can still be fallible. As a 

subject matter is further investigated, the warrants on which the 

knowledge rests can be dismissed and knowledge can be updated (Philips 

& Burbules, 2000, p. 26). This nonfoundationalist view of science goes 

back to Popper (2009), who argued that science advances by the 
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formulation of conjectures that are subsequently subjected to tests that 

can falsify them.  

According to a postpositivist worldview, objectivity is of crucial 

importance in scientific enquiry. This importance can be seen in relation 

to the philosophy’s axiology, which concerns the role of values in 

research. Within the postpositivist approach, values should not influence 

the concepts or procedures that are used in the practice of research. To 

be more precise, the execution of research should not be influenced by 

external or epistemically irrelevant values, such as political or personal 

values (Philips & Burbules, 2000, ch. 3). However, internal and 

epistemically relevant values, such as the accuracy of measurements and 

pursuing truth, are necessary in the scientific enterprise (Philips & 

Burbules, 2000, ch. 3).  

3.5.2 Measurement of meaningful texts 

In line with the naturalistic, postpositivist worldview, the three empirical 

articles all apply a quantitative design. Even so, in the present thesis, the 

main source of data was students’ texts. Text analysis normally entails 

an analysis not only of formal aspects of the texts but also of the content, 

and textual content has clearly qualitative characteristics. The content of 

a text consists of language – meaningful structures – and how one can 

best approach such content by quantification is worth consideration. In 

Article 1, I explore how a quantitative study of text quality based on a 

naturalistic, postpositivist worldview can handle meaningful structures 

in text. The point of departure is the division between naturalistic and 

interpretivist approaches to research and how philosophical assumptions 

have consequences for the way texts are analysed. I use the study 

reported in Article 2 as an example of how texts can be analysed in line 

with ideals in the naturalistic tradition.  

I also argue in Article 1 that, on a fundamental level, text analysis 

involves understanding and interpretation. For example, features in texts 

cannot be coded – assigned different values within the categories of 
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analysis – before the analyst understands the content. Moreover, 

language structures carry meaning, and these meanings can be 

ambiguous; that is, they depend on context (Cruse, 2011). In texts written 

by young writers, there will typically be more ambiguity as the children 

are learning to commit text to paper/screen and to follow writing 

conventions. An analysis of such texts will imply judgments, for 

example, on the most fundamental level, whether the marks on paper are 

actually characters or not. Further, I discuss how rigorous work with 

operationalisations, precise coding rules and double coding can 

contribute to the systematic, objective and transparent analysis of texts. 

The systematic and objective investigation of texts implemented 

in this thesis presupposed that a lot of thought had to be devoted to the 

analysis process. In the following sections, I state the rationale for the 

text analysis adopted in the thesis and present the text quality measures, 

both why they were selected and how they were operationalised. 

3.5.3 Text quality assessment – rationale 

I chose to assess text quality in first graders’ narratives analytically. 

Many previous studies of first graders’ written composition ability apply 

holistic scoring methods (Graham et al., 1997; Juel et al., 1986; Kim & 

Park, 2019; Torrance et al., 2021). A holistically based assessment is an 

overall rating of the quality of a text, for example, on a six-point scale, 

typically based on general level descriptions (Huot, 1990). In Article 2, 

texts were also rated holistically, but the main approach to assessing 

children’s written composition performance and learning was text-

analytic assessment. This approach was chosen because it provides more 

information about students’ composition abilities and is more transparent 

than holistic methods. A holistic quality rating, reflecting the overall 

quality of the text, is based on balancing a set of criteria, and how the 

rater balances these criteria is implicit. When different text features are 

assessed separately and formally, on the other hand, it is clearer what is 

being measured.  
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An analytic assessment can be particularly useful when studying 

texts by beginning writers, which typically are short, incomplete and 

marked by orthographic errors. Holistic ratings of such texts will 

typically indicate low quality and not necessarily differentiate between 

texts, while analytic assessment can extract information about, for 

example, the number of words written, spelling accuracy, vocabulary and 

syntactic complexity, even though the texts are simple and short. As the 

ability to, for example, produce more words, more accurate spelling and 

more complex syntax increases, the text-analytic assessment can give 

information about how these skills are developing. In addition, as this 

thesis is a comparison of composing in different modalities, the text 

analytic approach is useful in investigating the potential modality effects 

on different aspects of the texts. For example, as students could use text-

to-speech functionality, it is of interest to study whether, and in what 

way, this functionality influences the final product – whether the spelling 

is improved and also whether other higher-level features of text are 

affected.  

3.5.4 Text quality measures – selection and 

operationalisation 

When selecting the text quality measures, I aimed to find measures that 

captured text features that were expected to be present in children’s early 

narrative compositions. I wanted to include measures on different levels, 

from the micro level, such as spacing, to the meso level, such as syntax, 

and the macro level, such as text organisation. The nature of children’s 

texts – often short, simple, incomplete and with inaccuracies – was a 

constraining factor, and only features that could be operationalised in an 

explicit way were chosen.  

Below, I present the text quality measures and challenges and I 

operationalise them by illustrating examples from the texts. First, I 

briefly describe how the texts were transcribed and how this first 

transcription was transformed into several new transcriptions from 
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which the text measures could be extracted. A more detailed account of 

all rules for transcription and coding can be found in the transcription 

and coding manual in Appendix 3.  

3.5.4.1 Transcription and coding 

The handwritten texts were transcribed, while the digital texts were 

copied and adjusted. All characters were standardised to lower-case 

letters. Drawings or inserted pictures of emoticons were not included in 

the transcription. The transcription maintained the spelling, spacing and 

punctuation done by the students. Inverted characters were accepted as 

long as they could not be mixed with other letters. Table 1 shows a few 

examples of (excerpts from) texts, and in the three first texts, there are 

instances of inverted letters. In text 2, there are examples of inverted <a>, 

which were all accepted as <a>; in the last word in text 3, there is an 

inverted <t> which was accepted as <t>, and in texts 1 and 2, there are 

examples of an inverted <b>, like dallen ‘the ball’, which were 

transcribed as <d>. To transcribe the space between words, there had to 

be a larger space between the words than between the characters in the 

words. For an illustration of two words transcribed without a space, see 

nåer [nå er] ‘nowis’ in text 3. To insert space within a word, there must 

be enough space to insert a character, see is en ‘the ice’ and spi s ‘eat’ in 

text 4. When facing unclear text, I discussed my transcription with the 

two Norwegian-speaking supervisors. 

The subsequent coding of the texts, where the texts were scored 

for the text measures, was done by transforming the first transcription 

into several versions. The next transcriptions included stepwise 

corrections of the texts, including spacing errors, spelling errors, 

punctuation and markup of syntax and narrative structures. See Table 2 

where text 1 from Table 1 is coded. In this process, the texts were blinded 

for modality, student, school and (for Article 3 and 4) point in time. 
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Table 1. Transcription of Texts 

Original Text Transcription Spacing and spelling 

corrected, and 

translation 

Text 1 

 

ain gut var på 

svøming med 

sgolend i dag 

plutseleg kom ain 

hai guten ble han 

dlai så red at han 

mistet dallen 

 

ein gut var på 

svømming med skolen 

i dag plutseleg kom 

ein hai guten blei han 

blei så redd at han 

mista ballen ‘a boy 

went swimming with 

school today suddenly 

there came a shark the 

boy was he was so 

afraid that he lost the 

ball’ 

Text 2 

 

be var en gang en 

gut som mista is 

klene og katen 

slika ben opp 

det var en gang en gut 

som mista iskulene og 

katten slikka den opp 

‘once upon a time a 

boy who lost the ice 

balls and the cat licked 

it up’ 

Text 3 

 

snip snap snute 

nåer eventjre ute 

snipp snapp snute nå 

er eventyret ute ‘snip 

snap snout the story is 

out’ 

Text 4 

 

den gut muster is 

sin. pus vil ha is en 

men nenta sejer 

se. pus spi s isen 

 

den gut mister is sin. 

pus vil ha isen men 

jenta seier se. pus spis 

isen ‘that boy loses ice 

his. kitty wants to have 

the ice but the girl says 

look. kitty eat the ice’ 
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Table 2. Coding of Texts 

Trans-

cription 

Action Measures 

Extracted 

Text 1 Transcribed and Coded 

T1 Character by 

character 

transcription 

 ain gut var på svøming med 

sgolend i dag plutseleg kom ain 

hai guten ble han dlai så red at 

han mistet dallen 

T1.5 T1 parsed 

into words 

Text length 

(words) 

Spacing accuracy 

ain gut var på svøming med 

sgolend i dag plutseleg kom ain 

hai guten ble han dlai så red at 

han mistet dallen 

T2 T1.5 copied 

and corrected 

for spelling 

Spelling accuracy ein gut var på svømming med 

skolen i dag plutseleg kom ein 

hai guten blei han blei så redd at 

han mista ballen 

T2.5 T2 copied 

and 

homonyms 

marked up 

Vocabulary 

sophistication 

ein gut var på svømming med 

skolen i dag plutseleg kom ein 

hai guten blei han blei så redd at 

han mista ballen 

T3 T2 copied 

and wrongly 

inserted 

terminators 

removed 

 ein gut var på svømming med 

skolen i dag plutseleg kom ein 

hai guten blei han blei så redd at 

han mista ballen 

T3.5 T3 copied 

and missing 

terminators 

inserted 

Terminator 

accuracy 

ein gut var på svømming med 

skolen i dag. plutseleg kom ein 

hai. guten blei han blei så redd at 

han mista ballen. 

T4 T3 copied 

and syntax 

marked up 

Syntactic 

complexity and 

accuracy 

[M ein gut var på svømming med 

skolen i dag] [M plutseleg kom 

ein hai] [MW guten blei han blei 

så redd] {S at han mista ballen} 

T5 T4 copied 

and syntax 

markup 

altered to 

narrative 

markup 

Basic narrative 

structures 

Advanced 

narrative 

structures 

Story grammar 

O [D ein gut var på svømming 

med skolen i dag] C [EP 

plutseleg kom ein hai] R [EA 

guten blei han blei så redd] {EFP 

at han mista ballen} 

Note: Translation can be found in Table 1. Scores: text length 23, space use accuracy 

1.0, terminator accuracy 0.0, spelling accuracy 0.61, vocabulary mean age 6.9, syntax 

4.5, event count 3, advanced narrative features 4, story grammar 2. See Section 

3.5.4.5 and 3.5.4.6 for an explanation of the syntactic and narrative codes. 
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3.5.4.2 Text length 

Text length was included as this measure has been found to correlate 

with text quality in primary-grade children (e.g. Berninger et al., 1992; 

Dockrell et al., 2015; Malvern et al., 2004). Composing a narrative 

presupposes the ability to produce a certain number of words, and the 

relation between quantity and quality is probably closer for beginning 

writers than for more experienced writers. Text length was measured as 

the number of words written. Errors of spelling and segmentation were 

ignored; for instance, sijøpereinis [kjøper ein is] ‘bujysanice’2 was 

counted as three words. To decide whether a letter string was a word, I 

looked for phonologically plausible spellings. The spoken dialects of the 

students were taken into account, and the co-text (surrounding words) 

was used as cues. Letter strings that could not be identified as words were 

coded as non-words (NW) and not counted; for instance, the following 

text was counted as six words: gut muster is han blai lai. 

[NWqwetyuiopå] ‘boy drups ice he torned sad. [NWqwetyuiopå]’. 

Numbers that made sense in context were counted as words, for example, 

3 små puser ‘3 small kitties’, which was counted as three words. Words 

that were repeated were counted as two or more words. For example, in 

pusa sa mjau å gutten sa å kor søtt er du kjempe søtt søtt søtt søtts søtt 

‘the kitty said meow and the boy said oh how sweat are you very sweat 

sweat sweats sweat’, all repetitions of søtt ‘sweat’ were counted as 

separate words. 

3.5.4.3 Transcription-related measures 

Of the micro-level features, spelling has been studied extensively, but 

spacing and punctuation have also been assessed in other studies of first-

grade children’s written composition (Kim et al., 2013; Salas & 

Caravolas, 2019). 

 
2 I have tried to reproduce the linguistic errors in the translations in an attempt to include 

the readers in the complexity of analysing these texts. It has, though, not been possible 

to recreate the errors in an exact manner. 
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Even though the sampled schools used Nynorsk as the written 

standard, many of the texts contained word forms from Bokmål. The 

students would probably have been exposed to both Nynorsk and 

Bokmål before starting school, for example, from children’s books. 

Additionally, both Nynorsk and Bokmål have many juxtaposed forms, 

officially correct forms of both lexemes and inflectional forms, some of 

which overlap in the two standards and others not. For example, sjuk and 

syk ‘ill’ are juxtaposed in Bokmål, while only sjuk is accepted in 

Nynorsk. In Nynorsk, kome and komme ‘to come’ are juxtaposed, while 

only komme is accepted in Bokmål. In Nynorsk, the official infinitive 

form of this verb can be either kome, koma, komme or komma. Part of 

the reason for the wide freedom of choice in norms is that the official 

language policy has aimed at having written standards that are close to 

the way people speak, both for democratic and pedagogic reasons, for 

example, to make it easy for children to learn to write. Children might 

have used their spoken dialect to sound out the words they were writing, 

and the spoken dialects in Western Norway are, in general, closer to 

Nynorsk than Bokmål. However, many dialectal forms are compatible 

with Bokmål, and many dialectal forms are not accepted in either of the 

written standards. In addition, the dialect of the capital and the 

surrounding area, a high-prestigious dialect, is very similar to Bokmål, 

and most children will have been exposed to this dialect, for example, 

through television. As the spellings in the texts were very unsystematic 

with regard to being from Nynorsk or Bokmål, I decided to accept both 

standards, although not in the same text. Each text was therefore 

spelling-corrected to either Nynorsk or Bokmål (following the official 

dictionaries Nynorskordboka and Bokmålsordboka), according to what 

would give the least number of errors. I chose Nynorsk when correction 

to either standard would give the same number of errors.  

As the spelling measure captured the children’s compositional 

spelling, the correction had to handle real word errors. For example, in a 

story about a boy who bought an ice cream, a student writes han skole 

spise den ‘he was guing to eat it’. Isolated, skole means ‘school’, and the 
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student probably aimed at writing skulle ‘be going to, shall’. Therefore, 

this word was treated as a misspelling. The coding rule was that when 

words did not make sense in context and were not based on a lexeme that 

would make sense in the context and there was a plausible spelling of a 

word that would make sense in the context, the word was corrected to 

the word that made sense in the context. The second part of the rule (‘not 

based on a lexeme that would make sense in context’) entails that 

inflected forms were not corrected to the inflected form implied by the 

context. Rather, this was picked up in the syntax measure. For example, 

in han ete isen ‘he eat the ice’, the context implies a present form of the 

verb, but the student has used the infinitive. This was not counted as a 

misspelling, but the clause would be marked as syntactically incorrect. 

There were, however, a few cases in which the spelling correction was 

also a correction of morphological errors. For example, when weak verbs 

were conjugated as strong verbs (or the opposite), these were corrected 

to the official forms; for example, stjal ‘stole’ was written as stjelte 

‘stealed’, and as stjelte does not exist in the written standard, it was 

corrected to the official form. I treated this as a spelling error, although 

it might also be seen as a morphological error.  

The spelling measures did not include errors in capitalisation. 

The use of lower-case and upper-case letters was generally rather 

unsystematic, with some texts written only in either of the two and some 

texts with a mixture. I chose to standardise all texts to lower-case letters, 

but if I had had more time, I would have liked to analyse the use of lower- 

and upper-case letters. 

The texts were scored for spelling accuracy, which was the total 

number of correctly spelled words divided by the number of words 

written. This means that each word was scored dichotomously as either 

correctly spelled or not, irrespective of the number of characters misspelt 

or type of error (code error, misspelling of a regular word, etc.). 

Spelling also had to be seen in relation to the space-use measure: 

Are, for instance, compounds that are split up, even though they 

officially are written as one word, spelling errors or segmentation errors? 
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I chose to treat all segmentation errors as spacing errors, and not spelling 

errors, both when simplexes were split, like bu r ‘ca ge’, when 

compounds were split, like fot ball ‘football’, and when space was 

missing between words, for example, isenfalt [isen falt] ‘theicefell’. 

Punctuation was accepted as segmentation. For example, ute.er.de.varmt 

‘it.is.warm.outside’ was scored as correctly segmented, while in the 

punctuation measure, these terminators were marked as wrongly 

inserted. 

The sentence terminator measure reflected the ability to correctly 

use sentence terminators: to end a sentence with a terminator and not 

insert terminators within a clause (or a word). A challenge in this mark-

up was never-ending sentences where several clauses were coordinated, 

for example ei jente og en gutt spilte fotball men så spente jenten ballen 

oppi treet og så å så begynte greinen og knekke og så kom mamma med 

en stige og tok mamma stigen oppi treet og så klatret jenta ned med 

ballen ‘a girl and a boy played football but then the girl kicked the ball 

in the tree and then and then the branch started to break and then mama 

came with a ladder and took mama the ladder into the tree and then the 

girl climbed down with the ball’. I decided that only two main clauses 

(including any subordinate clause) could be coordinated within the same 

sentence (period), which again was terminated by a full stop. Thus, in 

this example text, three terminators were inserted. 

3.5.4.4 Vocabulary sophistication 

The vocabulary measure was specifically developed in this study. The 

aim was to measure the children’s vocabulary sophistication as 

objectively as possible. Other analytic assessments of vocabulary imply, 

for instance, that the rater assesses whether the vocabulary is rich, 

expressive, mature or vivid (e.g. Wechsler, 2006). For Norwegian, no 

frequency lists with a focus on children’s vocabulary exist. There is a 

lexical database of Norwegian content words containing, among other 

things, subjective age-of-acquisition ratings (Lind et al., 2015), but this 

corpus does not include all the words used in the text material analysed 
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in the thesis. The idea arose that a measure of the written age of 

acquisition could be developed. Thus, all lexical lemmas (content words) 

from the texts were extracted and rated by teachers and trainee students 

in a digital survey. The respondents were asked to judge when each of 

the words (lexemes/lemmas) typically would appear in children’s texts. 

This reflects an assessment of how the words are perceived in terms of 

maturity. Each of these ratings is, of course, subjective, but in total, they 

represent an assessment of vocabulary sophistication that is more 

objective than my own rating would have been.  

All lexical lemmas (nouns, verbs, adjectives) were extracted. 

Proper names and very specific compounds that would not make much 

sense out of context and therefore hard to rate were taken out. One 

example was the compound eplekule ‘apple ball’ from a text where the 

protagonist asked for different sorts of ice balls, including one that tasted 

of apple. I also had to manually go through the list of lemmas and identify 

homonyms, for example grein, which can mean both ‘branch’ and 

‘cried’, and mark these up. In total, 845 lemmas were rated. The 

following are examples of the mean written age-of-acquisition scores: is 

‘ice’ 5.33, pus ‘cat’ 5.80, bil ‘car’ 5.93, redd ‘afraid’ 6.37, bukse ‘pants’ 

6.43, sulten ‘hungry’ 7.25, parykk ‘hairpiece’ 9.31, gigantisk ‘gigantic’ 

10.62 and tverrliggar ‘cross-bar 11.75’.  

In hindsight, this measure, with words being rated in intervals of 

years, might be more useful when investigating the development of 

composition skills across several years.  

3.5.4.5 Syntactic complexity and accuracy 

The ability to create complex syntax is an advantage when composing 

narratives, as this makes it easier to structure events in hierarchical 

constructions (Berman & Slobin, 2013). The syntax of primary-grade 

children’s compositions is typically assessed through measures of 

syntactic complexity (e.g. Kim et al., 2014; Wagner et al., 2011). In the 

present thesis, the syntax measure reflected complexity by differentiating 

between the use of main or (also of) subordinate clauses. For example, 
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the following story was credited with four main clauses (M) and one 

subordinate (S): [M ole var i byen] [M og kjøpte is] [M men {S når han 

skulle ete isen då} datt isen] [M og pusur tok isen]. ‘[M ole was in town] 

[M and bought ice] [M but {S when he was about to eat the ice then} the 

ice fell] [M and pusur (Garfield) took the ice]’. The main clause with a 

subordinate clause embedded could also have been expressed as two 

main clauses ([M he was about to eat the ice] [M but the ice fell]), but 

embedding a subordinate clause can be seen as more advanced. 

Typically, the amount of subordination increases with age both in the 

oral language and in the writing of primary-school children (Loban, 

1976, pp. 35–39). 

In addition, accuracy was included in the syntax measure, 

operationalised as whether the clauses contained syntactic errors (coded 

as [MW] if containing one or more errors). There could be many sorts of 

syntactic errors, of which the most important were the use of non-finite 

verb, such as gutten merke ikke haien ‘the boy not notice the shark’; a 

lack of words/part of sentence, such as guten sparka ballen treet ‘the boy 

kicked the ball tree’; the use of additional words, such as ho skulle skal 

spele fotball ‘she should shall play football’; the wrong word order, such 

as plutselig mannen sklei på bananen ‘suddenly slipped the man on the 

banana’; and the lack of concord/definitiveness en dame går på vei ‘a 

lady walks on road’. 

3.5.4.6 Narrative measures 

Narrative measures have traditionally centred around structure, which is 

also reflected in the measures used in this thesis. Inspiration was found 

in Labov and Waltesky’s (1967) canonical work on oral personal 

narratives, which identified obligatory and optional structural 

components of the macrostructure in oral narratives. However, as the 

texts studied were written by beginning writers, the measure of 

macrostructure had to be fairly basic, and I landed on a macrostructure 

of three stages: orientation, complication and resolution. The orientation 

gives information about participants, places, activities and/or time and 
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gives background knowledge to understand the complications of the 

story. The complication is a disruption in an expected course of events 

(the situation depicted in the orientation or if the orientation is missing, 

compared to a normal situation). The resolution answers the question of 

what finally happened as a consequence of the complication. To code a 

stage, there had to be at least two stages: either orientation and 

complication or complication and resolution. In Table 3, a few texts are 

coded for narrative measures. Texts 1 and 2 were analysed as having no 

global story structure, while texts 3 and 4 contained two and three stages, 

respectively. This story grammar measure primarily concerns structure, 

but it is also related to text coherence and to the use of main characters, 

which are also important aspects of narratives. For example, one of the 

coding rules for approving the orientation and complication was that at 

least one element (person, animal, object) from the introduction must 

follow in the complication. 

As the story grammar measure is rather coarse-grained, it was 

appropriate to include a more fine-grained measure of narrative 

structures on the local level. Here, inspiration was found in Martin and 

Rose (Martin & Rose, 2008), who analysed narratives through phases, 

i.e. discourse units, that can occur at any narrative stage (structural 

component on the macro level explained above), such as event, problem 

and solution. On the most basic level, a narrative can consist of two 

events that are linked in time (Labov & Waletsky, 1967), and therefore, 

the number of events functioned as a measure of basic narrative 

structures. For example, in Table 3, text 1 only contained descriptions, 

while text 3 illustrated a minimal story of two events. The more advanced 

narrative structures were problem, an undesired event or description; 

solution, which corresponds to a problem and restores order; reaction, 

an attitude, feeling or thought of a participant that was caused by a 

preceding event; effect, a consequence of a preceding event; and 

comment from narrator, when the narrator intruded to comment on 

events, give explanations, etc. See texts 4, 5 and 6 in Table 3 for 

examples. 
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Table 3. Examples of narrative coding  

Example text Translation Coding key 

Text 1: [D eg ser gut] [D eg 

ser is] [D eg ser pus] 

[D I see boy] [D I see ice] [D I 

see kitty] 

Story grammar 

O = Orientation 

C = Complication 

R = Resolution 

 

Basic and 

advanced 

narrative 

structures 

E = event 

P = problem 

S = solution 

F = effect 

A = reaction 

N = comment 

from narrator 

 

Other codes (not 

counted in the 

measures) 

D = description 

I = narrative 

formula 

Text 2: [EP gut mistar is] 

[EF pusen ser opp] [EP å 

isen dett på bakken.] [E 

storesøster ventar i står i 

køen] [E lillebror ventar står 

i køen i iskiosken.] 

[EP boy drops ice] [EF the kitty 

looks up] [EP and the ice falls 

on the ground.] [E big sister 

waits in stands in the line] [E 

little brother waits stands in the 

line in the ice kiosk.] 

Text 3: C [EP gutten mista 

isen i gulvet] R [EF pusen åt 

opp isen] 

C [EP the boy lost the ice on the 

floor] R [EF the cat eat the ice 

up] 

Text 4: O [DI det var ein 

gong ein gut] [D som ville 

ha ein is]. [EF han gjekk til 

butikken]. [E han fekk fem 

iskuler]. C [EP men katten 

åt isen]. R [EA da blei guten 

sur]. [EFS guten fekk seg ny 

is]. [DS katten og guten 

vener]. 

O [DI once upon a time there 

was a boy] [D who wanted to 

have an ice]. [EF he went to the 

shop]. [E he got five ice balls]. 

C [EP but the cat ate the ice]. R 

[EA then the boy turned sour]. 

[EFS the boy got a new ice]. 

[DS the cat and the boy 

friends]. 

Text 5: O [DI ein gong var 

det ein mann] [D som hadde 

ei ape] [D som elskar banan] 

[E og så kom det ein mann] 

[D og han hadde ein banan] 

[EF og da ropte apa banan!] 

C [EP apa tok bananen] R 

[EA og så blei mannen sint]. 

O [DI a time there was a man] 

[D who had a monkey] [D who 

loves banana] [E and then came 

a man] [D and he had a banana] 

[EF and then the monkey cried 

banana!] C [EP the monkey 

took the banana] R [EA and 

then the man got angry]. 

Text 6: O [EP jenta klarer å 

skyte ballen opp i eit tre] 

[EF ho klatra opp i treet]. [D 

ho stod på ein grein]. C [N 

tro de] [N at ho datt ned] [EP 

ho datt ned]. R [EF ho 

brekte beinet]. 

O [EP the girl hits the ball into 

a tree] [EF she climbs up in the 

tree]. [D she stood on a branch]. 

C [N you think] [N that she 

fell?] [EP she fell down]. R [EF 

she broke a leg]. 

Text 7: C [EP en gutt mister 

isen sin oppå en katt] R [EF 

å katten prompa] 

C [EP a boy dropped his ice 

cream on a cat] R [EF and the 

cat farted] 
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The coding of the three narrative features was checked through 

double coding of approximately 20% of the texts by the two Norwegian-

speaking supervisors. Overall, there was very good inter-rater reliability, 

although not perfect. Text 7 in Table 3 is an example of a text that was 

coded differently by two raters. One of the raters interpreted the two 

clauses as two related events: The cat farted because the boy lost his ice 

cream on him – it could be that he was startled and therefore farted, or 

this reaction was a revenge against the boy who made him dirty/wet, or 

the reaction was a result of the cat eating the ice cream that was dropped 

on him. This rater coded two events, the first one including a problem 

and the second one including an effect. Further, the rater coded the story 

grammar with a complication and resolution on a global level. On the 

contrary, the other rater perceived these two clauses as two separate 

events without any causal relation. This rater coded two events, from 

which the first was also coded as a problem, and no story grammar. Both 

raters followed the coding rules; however, applying the rules when 

coding specific texts depends to some extent on background knowledge, 

such as possible and reasonable causal relationships. As discussed in 

Article 1, narrative coding involves understanding and interpreting 

complex linguistic structures in relation to coding rules. While, for 

example, the spelling of a text can be compared to a clear norm (e.g. a 

dictionary), the narrative coding must be done in line with a set of 

criteria, which in itself must be understood through language before it 

can be applied to language structures that also must be understood and 

interpreted. 

3.5.4.7 Holistic quality 

A rubric for holistic quality was developed for this purpose, as no other 

suitable rubric was found. The rubric was informed by the rating scale 

developed by Arrimada et al. (2018), which was used for assessing 

quality in first-grade compositions. The main challenge when developing 

the rubric was to make level descriptions that could differentiate between 

texts that were generally simple and short. The criteria centred around 
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progression of ideas and elaboration of details, story organisation, 

cohesion and vocabulary. The rubric can be found in Appendix 3 in 

Article 2. When the texts were rated, they were corrected for spelling, 

spacing and punctuation errors. Table 4 shows six texts rated, one for 

each level. 

 

Table 4. Example texts rated for holistic quality 

Score Example Text Translation 

0 ball jente gut mål blad. ball girl boy goal leaf. 

1 jente og ein keeper jente sparka 

den oppi treet. ferdig. 

girl and a keeper girl kicked it into 

the tree. done. 

2 jente sparka ball oppi tre. jente 

klatra i treet. [NW grtre]. 

girl kicked ball into tree. girl 

climbed the tree. [NW grtre]. 

3 ho skulle skal spele fotball. så 

kom ballen datt i treet så ho 

måtte hente ballen i treet. 

she was to shall play football. then 

the ball came fell in the tree so she 

had to fetch the ball in the tree. 

4 dei sparka ball og så for ballen 

oppi eit tre. og så gjekk jenta 

for opp oppi treet og henta 

ballen oppi treet. snipp snapp 

snute so var eventyret ute. 

they played ball and then the ball 

went into a tree. and then the girl 

went up into the tree and fetched 

the ball in the tree. snip snap snout 

the story is out. 

5 det var ein fin dag. guten å jenta 

spela fotball men plutseleg 

hamna ballen i tre. jenta måtte 

klatre oppi tre. men plutseleg 

brakk greina. jenta heldt fast i 

greina. guten måtte klatre opp i 

tre å redde ho. å så snipp snapp 

snute så var eventyret ute. 

it was a nice day. the boy and the 

girl played football but suddenly 

the ball fell in tree. the girl had to 

climb up in the tree. but suddenly 

the branch broke. the girl held on 

to the branch. the boy had to climb 

up in the tree and save her. and 

snip snap snout the story is out. 
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3.5.4.8 Final remark on the text quality measures 

Language has embedded ambiguity, with words, expressions and 

grammatical structures potentially having multiple meanings (Cruse, 

2011), but ambiguity is reduced when the linguistic structures can be 

interpreted in a context. In compositions by beginning writers, there is 

room for ambiguity because, one, there might be a limited amount of text 

available and, two, the texts typically have errors in spelling and 

syntactic structures and contain ellipses or incoherent parts. As the 

preceding discussion of the composition measures illustrates, I took into 

account the nature of the children’s texts when selecting and 

operationalising the measures, for instance by including accuracy and 

not only complexity in the syntax measure and by applying a basic 

structure of story grammar. In all cases, detailed rules were made to 

systematically code the texts.  

I considered including other measures, such as originality (briefly 

discussed in Article 1), and different measures of cohesion, which have 

been used in other studies measuring narrative quality in primary-grade 

students (e.g. Andersen et al., 2018; Jones & Pellegrini, 1996). With 

regard to cohesion, this was partly covered by the narrative measures. As 

the compositions were short, cohesion and coherence – captured by story 

grammar and advanced narrative features – would typically be 

concurrent. For example, if a text contained an advanced narrative 

feature, for example a reaction, where a preceding event caused a 

reaction in a participant, there would probably be cohesion between the 

clauses expressing this content. There might also have been other ways 

of operationalising the constructs that I chose to measure, although I 

think my operationalisations are reasonable. In sum, I believe that my 

measures capture central features that can be expected to be present in 

narratives by beginning writers.  
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3.6 Literacy related measures 

At school entry, students were tested for a series of literacy-related skills: 

grapheme-to-phoneme mapping, phoneme isolation, phoneme blending, 

word reading, spelling and vocabulary. It was important to include 

measures that could capture variations in skills. As the participants had 

not received any formal literacy instruction, it could not be expected that 

most of them could read and spell single words, and measures of 

precursors of reading and spelling ability were therefore included. The 

literacy tests have been used in prior research on early reading and 

writing (Solheim et al., 2018; Sunde et al., 2020). The measures of 

phoneme isolation, phoneme blending and vocabulary have been shown 

to predict word reading and spelling ability in Norwegian first graders 

(Solheim et al., 2018). More details about the measures and the 

procedures related to testing are presented in Articles 2 and 4 and in 

Gamlem et al. (2020). 

3.7 Statistical methods 

3.7.1 Bayesian statistics 

For the statistical analysis, the Bayesian framework (Kruschke, 2015; 

Lambert, 2018) was used. The use of Bayesian methods is growing in 

many fields, such as educational research and psychology, although the 

frequentist framework still dominates (Andrews & Baguley, 2013; 

König & van de Schoot, 2018). The Bayesian paradigm rests on 

probability theory in the making of models to understand the phenomena 

surrounding us. A Bayesian analysis centres around Baye’s rule, which 

involves going from the effect (data) back to its cause (the mechanism 

that generated the data). Baye’s rule is a formula that allows for 

combining prior beliefs in model parameters of interest with the data at 

hand to get a posterior – better and more informed – belief regarding the 

same model parameters. This posterior belief is expressed as a 

probability distribution that can be used to answer research questions 
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through probability statements, for example, the probability of a specific 

hypothesis given data. 

3.7.2 Reasons for choosing the Bayesian approach 

There are several advantages to the Bayesian framework for statistical 

analysis (Kruschke, 2015; Lambert, 2018; Nicenboim & Vasishth, 

2016). For this thesis, the Bayesian approach was chosen in place of the 

frequentist approach for several reasons. The most important reason was 

that Bayesian statistics allows for the demonstration of evidence in 

favour of both the alternative hypothesis (H1) and the null hypothesis 

(H0). Frequentist methods measure whether the data are incompatible 

with H0. If the data are not compatible with H0, H0 is rejected. However, 

these classical methods can never support H0 directly. 

In the case of modality effects on first graders’ written 

composition, there is a possibility that the true effect is zero, and it is 

therefore of interest to obtain robust evidence in favour of H0. The Bayes 

factor (BF) is a way of quantifying statistical evidence in favour of the 

two hypotheses. More precisely, BFs can be seen as continuous degrees 

of evidence that can indicate evidence for H1 (and against H0), evidence 

for H0 (and against H1) or no evidence for either H1 or H0, which is 

inconclusive evidence (Dienes, 2016). A limitation of BFs is that they 

are sensitive to priors. For example, if a maximally uninformative prior 

is used, the Bayes factor is likely to favour H0 (Wagenmakers et al., 

2010). The sensitivity of BFs to priors should always be kept in mind, 

but when weakly informative priors are used, as in this thesis, this 

sensitivity is less of a problem than when extreme priors are applied.  

Another important reason for using Bayesian methods is that they 

offer flexible modelling. In Article 2, multivariate mixed-effects models 

were used to model writing performance. In Articles 3 and 4 these were 

extended to model growth, with non-linear effects. The initial plan for 

the PhD project was to use frequentist methods, and the analysis for the 

first article was in an early phase done through these, using the lme4 
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package (Bates et al., 2015), but convergence problems arose. Such 

problems often arise when fitting mixed-effects models with a maximal 

random-effects structure to sparse or moderate amounts of data 

(Nicenboim & Vasishth, 2016; Winter, 2019, p. 266). By contrast, the 

relatively complex mixed-effects models in this thesis could be fit 

without estimation problems using Bayesian methods. 

In addition, Bayesian measures often have an intuitive 

interpretation. For example, Bayesian credible intervals can be 

interpreted as a probability (Lambert, 2018, pp. 129–131). A 95% 

credible interval gives the range of the parameter value of interest, and 

this can be interpreted as a 95% probability that the parameter value lies 

within the interval. By contrast, the frequentist confidence interval 

implies that, across an infinity of confidence intervals from hypothetical 

samples, the parameter value will be in the interval 95% of the time. 

Below I will outline the Bayesian analysis and comment on 

choices done in the analyses of the empirical articles. The data and scripts 

for the statistical analyses can be found on OSF on the following sites: 

Article 2: https://osf.io/q8z3u/ 

Article 3: https://osf.io/j7ne3/?view_only=bcb821eb97164cfb89

5e362c1691257d 

Article 4: https://osf.io/5t934/?view_only=30ada9b1650c4ac9b7

06b6d4cf93fc22 

3.7.3 The Bayesian data analysis 

Bayesian analysis comprises several steps. First, and most importantly, 

a probability model (likelihood) for the data must be selected. There are 

numerous likelihood distributions available, and one must choose a 

distribution that imitates the data-generating processes under 

investigation to the highest possible extent (Lambert, 2018, p. 146). In 

the studies comprising this thesis, different likelihood distributions were 

selected for the outcome measures. For example, vocabulary 

sophistication (continuous data) was modelled as normally distributed, 

https://osf.io/q8z3u/
https://osf.io/j7ne3/?view_only=bcb821eb97164cfb895e362c1691257d
https://osf.io/j7ne3/?view_only=bcb821eb97164cfb895e362c1691257d
https://osf.io/5t934/?view_only=30ada9b1650c4ac9b706b6d4cf93fc22
https://osf.io/5t934/?view_only=30ada9b1650c4ac9b706b6d4cf93fc22
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whereas story grammar (ordinal data) was modelled as a sequential 

process because the highest achievable category – having a complete 

structure of orientation, complication and resolution – would only be 

possible if the lower categories were also present – for example, 

containing an orientation and a complication (Bürkner & Vuorre, 2019). 

The next step in Bayesian analysis involves specifying a prior 

distribution for the model parameters. This prior distribution is the 

researcher’s prior belief in the different parameters – which are seen as 

probable and improbable. Uninformative priors set all values of the 

parameters as equally likely. Weakly informative priors ascribe more 

weight to parameter values one considers more probable, and 

informative priors can maximise the impact of prior beliefs, for example, 

if the results from former analyses should be considered. The prior and 

the likelihood are weighted to produce the posterior. The choice of the 

prior is more influential when there is little data. With much data, the 

posterior distribution is less sensitive to the prior, and the likelihood will 

dominate in determining the posterior. In the three studies of this thesis, 

weakly informative priors were used, which means that extreme priors 

either way (i.e. maximally uninformative and strongly informative 

priors) were avoided. For example, in Articles 3 and 4, the prior for the 

effect of modality on the text measures was set to a student’s t 

distribution with scale (SD) 2, the centre of the distribution at 0, and 2 

degrees of freedom.3 This means that the effect was set to be 0 by default, 

but it allowed for a substantial amount of variance in the width of the 

distribution and allowed for some extreme values by specifying 

relatively fat tails of the distribution. Through such weakly informative 

priors, the extent to which extremely large parameter values received 

some prior probability was limited, while any plausible positive or 

negative value (including 0) was favoured. 

When the likelihood and priors are specified, the posterior 

distribution can be calculated. Usually, this is done by computers through 

 
3 All priors can be found in the analysis scripts on the OSF sites for each article. 
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algorithms that approximate the posterior distribution and produce 

posterior samples. In the present thesis, the Stan probabilistic 

programming language (Carpenter et al., 2017) accessed through the R 

brms package (Bürkner, 2018), was used, which implements Markov 

chain Monte Carlo algorithms. The algorithms produce chains of 

samples from the posterior distribution, and the result is a large matrix 

with all samples. In the present thesis, models were run with 10,000 

iterations on three chains with 5,000 iterations of warm-up, yielding 

15,000 total samples for each model.4 From the samples, relevant 

information can be extracted. Because the posterior samples approximate 

the whole posterior distribution, we get probabilities of all possible 

parameter values, not just a point estimate (and standard error), as the 

frequentist analysis yields. It is therefore possible to estimate several 

probabilities of interest; for example, the probability of the parameter 

values being within an interval or the probability that it is larger than 0. 

Additional techniques can be applied to evaluate the fit of models and 

select between models, for example, leave-one-out cross-validation 

(LOO-CV) and Bayes factors, as used in this thesis. 

3.7.4 Bayesian methods and philosophy of science 

The use of Bayesian methods deserves a brief discussion in light of the 

philosophy of science. As stated in Section 3.5.1, objectivity in analysis 

is a core ideal within naturalistic and postpositivist approaches to 

research. Bayesian methods are often criticised for being subjective 

because the researcher has to choose probability models and priors. 

However, any statistical analysis requires assumptions and judgments to 

 
4 This is more than the standard 8,000 samples that is default in brms. This number is 

often considered enough to minimise the error of the approximation of the posterior 

distribution. More samples yield less error, but take more time. For example, for the 

analysis in Article 4, the intercept-only model took roughly 9 hours to run, while the 

more complex Model 7: (time + modality) x (literacy skills + age) + time : modality, 

took 117 hours, almost 5 days, to run on an ordinary computer (with the specifications 

8 GB RAM and CPU Intel Core i5, 1.60 GHz, 1800Mhz, 4 cores, 8 logical processors). 
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be made. A frequentist linear regression analysis relies on assumptions 

about the predictor and outcome variables, and this technique is often 

applied without specific justification (Lambert, 2018, p. 26). The 

Bayesian approach forces the researcher to be aware of, for example, 

model assumptions. Also, as argued by Rouder et al. (2016), variation in 

research in general is not considered problematic; for example, 

researchers will operationalise concepts differently and choose different 

designs and samples, and variation due to model specification will 

usually be relatively modest for reasonable choices. Further, the model 

specifications made by the researcher in a Bayesian analysis will be 

informed by expertise, such as theory, previous findings and common 

sense, and specific choices can therefore be defended (Rouder et al., 

2016). In addition, when the model specifications are transparent, the 

choices can be evaluated by others.  

Further, as Gelman and Shalizi (2013) observed, Bayesian 

inference is sometimes viewed as fundamentally different from 

frequentist inference based on the deduction and falsification of the 

hypothesis. According to this view, Bayesian inference is inductive in 

that it learns from the particular to the general by computing the posterior 

probability given data. This view implies that in Bayesian analysis, 

knowledge is brought about not through falsification, but through the 

accumulation of evidence in favour of the hypotheses. However, Gelman 

and Shalizi (2013) argued that Bayesian statistics can be best understood 

from a hypothetico-deductive perspective. They emphasised that the 

posterior probability of models can be checked through different forms 

of posterior predictive checks, where the implications of the models are 

compared to (original or other) data. Models that predict poorly can be 

altered or abandoned – falsified – and by exploring models that do not 

fit data, learning can happen (Gelman & Shalizi, 2013). This view of 

Bayesian inference has again been debated (e.g. Borsboom & Haig, 

2013; Kruschke, 2013; Morey et al., 2013), illustrating an ongoing 

discussion about Bayesian philosophy, how it relates to other 
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philosophical traditions and whether Bayesian methods can be executed 

practically without subscribing to Bayesian philosophy. 

3.7.5 Mixed-effects modelling 

Linear mixed-effects modelling was used in all three empirical articles. 

The data were nested in all cases. There were several students from each 

class and multiple texts from each student. We assume that students in 

the same class are more similar than students from different classes 

because they are taught by the same teacher, influenced by peers, live in 

the same area, etc. (Lambert, 2018, p. 425). Similarly, two texts written 

by an individual student will be more similar than two texts written by 

two different students. These non-independencies can be handled in 

mixed-effects (multilevel/hierarchical) modelling by allowing for 

random effects. In the three articles, there were random intercepts for 

both classrooms (schools) and for students nested within classrooms. 

This means that the models take into account the baseline differences for 

both students and classrooms. In addition, there were random effects for 

the slopes. In Article 2, students wrote both by hand and by keyboard. 

By including random by-class slopes, the model allowed classes to have 

different slopes for the effect of the modality. In Article 3 and 4, students 

wrote in one modality only but on several points in time. Therefore, there 

were random by-time slopes for students and classrooms for the effect of 

time; that is, the slopes were allowed to vary by the predictor time. 

Mixed-effects models can account for the random – non-systematic and 

unpredictable – influence on data on both student and school levels, 

while estimating the fixed effects – the effects of interest that are 

expected to have systematic and predictable effects on data (Winter, 

2013). 

The models that were applied were also multivariate models. The 

dependent variables all reflect some aspect of writing, and we can 

assume that they correlate. The Bayesian approach allows for different 

modelling distributions in the same multivariate model (cf. Section 
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3.7.3). A multivariate model determines the random effects across, and 

not only within, the dependent variables. 

Articles 3 and 4 included a polynomial effect. The effect of time 

was likely to be non-linear. Time was therefore entered into the models 

as both a linear component and a quadratic component. This decision 

was based on a model comparison of models with no time effect, a linear 

time effect, a quadratic time effect and a cubic time effect. This method 

of comparing models (LOO-CV) penalises models with more parameters 

to prevent overfit. 

3.8 Ethical considerations 

Ethical considerations have been important throughout this work. When 

designing the project, it was important to plan a project that would take 

care of the participants and develop quality research. The ethical 

guidelines provided by the National Committee for Research Ethics in 

the Social Sciences and Humanities (NESH, 2016) have been followed, 

and I have strived to include ethical considerations in both major and 

minor decisions.  

As this PhD project was part of a bigger research project, formal 

ethical aspects such as approval of the project from the Norwegian 

Centre for Research Data, NSD, were done through the mother-project, 

DigiHand (documentation of the approval can be found in Appendix 4). 

Required information about the research project and the right to 

withdraw and consent forms were distributed to school leaders and 

teachers and to students and their parents through the DigiHand project. 

See Gamlem et al. (2020) for a more ethical discussion about the project 

as a whole, including literacy testing of the children at the start of the 

school year. 

This study relied to a large extent on the cooperation and 

contribution of both students and teachers. According to the NESH 

guidelines for research ethics (NESH, 2016) children are particularly 

entitled to protection. The students writing texts for this project spent 
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time on the activity, and they were also at the very start of their school 

career. Therefore, an effort was made to make the writing tasks profitable 

and meaningful for them, aiming for a situation from which both parties 

could benefit: the students taking part in meaningful activities and the 

researcher getting good data.  

Further, writing stories is an activity in which all students could 

participate regardless of whether they had consented to take part in the 

project or not, so there would be no inconvenience of leaving the 

classroom, missing teaching, etc. for students not being part of the study. 

Students who did not feel like writing on the day the writing task was 

conducted were encouraged by the teachers to try to write something, but 

if they refused or did not manage to, this was, of course, accepted. 

The writing tasks were also designed to be meaningful resources 

for the teachers. I wanted to give teachers good writing instruction tasks 

in line with recommended writing instruction practices (e.g. Gerde et al., 

2012). Informal reports from the teachers and students indicated positive 

reactions to taking part in the writing tasks. For instance, one teacher said 

that (s)he had never given composition tasks to students of this age and 

(s)he was surprised that the students could produce text as early as after 

three months of schooling. Other researchers of the DigiHand group 

visiting schools reported that students asked about Teddy bear Elling and 

were eager to know more about him. 

Collecting the texts implied regular contact with the teachers. I 

was inspired by Guillemin and Gillam (2004) and their concepts of 

‘ethics in practice’ and ‘microethics’, which highlight that interacting 

with participants will not necessarily give serious ethical dilemmas, but 

that minor ethically important moments might come up where the 

researcher has to make decisions that have ethical implications. When a 

situation arises, the right answer can be clear but not necessarily obvious 

to the researcher in the moment. To ensure that the knee-jerk reaction 

when facing big and small ethical challenges is to care for the 

participants, the researcher should have a reflexive practice (Guillemin 

& Gillam, 2004). Constant reflection on goals and practice can prepare 
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the researcher for such situations. I reminded myself that the participants 

were free to withdraw from the project at any time and of the possible 

imbalance of power in which teachers might feel inferior to the 

researcher. My aim was to communicate with the teachers in a polite and 

professional way and to respond ethically adequate when situations 

arose. In line with the NESH guidelines for research ethics (NESH, 

2016), which state that researchers are responsible for clarifying the roles 

of involved parties, detailed instructions were made to make it clear to 

the teachers what they were expected to do. At the same time, I 

emphasised flexibility where possible, for example, with regard to how 

they handed in the students’ texts. My impression when communicating 

with the teachers was that they appreciated taking part in the project and 

felt that they were contributing to important research.  

In April 2021, all teachers were invited to a webinar with a 

presentation of the (preliminary) findings from the DigiHand project, 

including results from my Article 2.  

Other informants that contributed to my research were the 

respondents to the vocabulary survey, where the content words from the 

children’s texts were rated for written age-of-acquisition. The 

respondents were given information about the research purpose and 

participation was voluntary. 

With regard to the storage of information, all data were stored 

securely. Both the texts and the data from the literacy tests were 

anonymised. The coding lists with the identifying numbers and names 

were stored away from the data.  

Finally, for each of the empirical articles, documents related to 

text coding (transcription and coding manual) and statistical analysis 

(data and R scripts) are available on the OSF. This increases transparency 

and makes it possible to reproduce the statistical analysis.  
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4 Findings 

4.1 Overall findings 

The overarching research question of this thesis asks whether modality 

– handwriting with pencil on paper or keyboarding on a digital tablet 

with text-to-speech functionality – affects first graders’ written 

composition performance and written composition learning. The short 

answer to this question is no. Overall, this work found that modality does 

not affect written composition performance in first graders and that this 

was the case for all students, regardless of their literacy skills. Similarly, 

the thesis found that modality does not affect children’s learning to 

compose text throughout the first grade and that this (lack of) effect did 

not vary with student’s literacy skills. 

In the following, I elaborate on these findings by, for each 

subordinate research question, extracting and presenting relevant 

findings from the three empirical articles. The four subordinate research 

questions are as follows: 

 

1. Does modality affect written composition performance in first 

graders? 

2. If modality has an effect on first-grade children’s composition 

performance, is this dependent on children’s literacy skills? For 

example, do children with weaker literacy skills produce 

compositions of better quality when composing in one or another 

modality? 

3. Does modality affect first graders’ learning of written 

composition? 

4. If modality has an effect on first-grade children’s written 

composition learning, is this dependent on children’s literacy 

skills? For example, do children with better literacy skills learn 

written composition faster when learning to write in one or 

another modality? 
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4.2 Research question 1: Modality effects on 

performance 

The first subordinate research question concerns the modality effects on 

written composition performance in first graders. The findings from 

Article 2 showed that children who received instruction in both 

handwriting and keyboarding from the start of school produced 

narratives of similar length and quality in both modalities when assessed 

in the first term in first grade (November). This finding suggests that 

modality does not have an effect per se on the written composition 

performance of children who have limited experience with either 

handwriting or typing. 

Article 3 also informs this research question. Even though the 

focus of the article was on written composition learning, it also provides 

knowledge about written composition performance in first-grade 

classrooms of children learning to write either by hand or on a digital 

tablet. For the measures reflecting text length and narrative 

sophistication (syntax and narrative measures), there was no evidence of 

a main effect of modality. This finding means that average performance 

across the five test occasions was not better in either the handwriting or 

typing classrooms for these features. When looking at performance in 

transcription accuracy – spelling, spacing and terminator accuracy – 

there was some evidence that students in the typing condition performed 

at a higher level than students in the handwriting condition, particularly 

at the first assessment occasions in November and January. For spelling 

accuracy, there was evidence of a main effect of modality, which means 

that average performance across the five test occasions was better in the 

typing condition. As the performance in the typing condition was better 

solely in the features that were directly supported by text-to-speech 

technology, the best explanation for this is probably that students in the 

typing condition managed to take advantage of the text-to-speech 

functionality. 
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4.3 Research question 2: Interaction effects on 

performance 

Research question 2 concerns potential interaction effects between 

modality and students’ literacy skills on written composition 

performance, for example, whether students with better literacy skills 

produce texts of higher quality when composing by typing compared to 

when writing by hand. Article 2 found evidence in favour of there being 

no interaction effect between modality and children’s literacy skills on 

written composition performance in first graders learning to write both 

by hand and by keyboard. 

The present thesis did not investigate the interaction effects 

between modality and literacy skills on performance in the sample that 

received writing instruction by hand or keyboard because Article 4, 

where this could have been examined, focused on the effects of literacy 

skills and modality on learning to compose text. 

4.4 Research question 3: Modality effects on 

learning to compose 

Research question 3 asks whether modality affects first graders’ learning 

of written composition. The findings from Article 3 show that overall, 

modality does not affect children’s learning to compose narratives in first 

grade. Students learning to compose by hand and students learning to 

compose by keyboard in otherwise business-as-usual classrooms showed 

similar growth in performance of the measures of text length, syntactic 

complexity and accuracy, event count, advanced narrative structures and 

story grammar during their first year of schooling. 

For the composition measures of spelling, spacing and terminator 

accuracy, performance over time differed in the two conditions. Students 

in the handwriting condition improved their ability to spell, segment 

words and punctuate their texts throughout the school year. Performance 

in the typing condition started at a higher level but showed little or no 
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growth. As mentioned above, the higher performance level in the typing 

condition was probably due to the support from text-to-speech provided 

by the digital tablets. It was not possible to decide whether students in 

the typing condition learned transcription accuracy in parallel to the 

handwriting group. It is possible that students in the typing condition 

learned in a similar manner as the handwriting group, but that this 

learning was masked by effects at assessment – that is, that students to a 

descending degree used the support provided by the text-to-speech 

functionality. At the same time, it cannot be ruled out that typing slowed 

the learning of transcription accuracy in narrative compositions and that 

better performance from the first to the last time point was due to support 

from text-to-speech. 

4.5 Research question 4: Interaction effects on 

learning to compose 

Research question 4 concerns whether the (potential) modality effects on 

learning to compose text vary with children’s literacy skills. The findings 

from Article 4 suggest that there are no interaction effects between 

modality and literacy skills on first graders’ written composition 

learning. This implies that when learning to compose text, children with 

weaker – or better – literacy skills do not particularly benefit from 

learning to write by hand or by a digital tablet. 
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5 Discussion 

Overall, the present thesis found that modality did not affect written 

composition performance and learning to compose in first graders and 

that the absence of such effects was not dependent on children’s literacy 

skills at school entry. In one area, however, a difference was found: for 

transcription accuracy, children in the handwriting condition showed 

some improvement during the first grade, while children in the typing 

condition started at a higher performance level but showed little or no 

growth. 

From a theoretical viewpoint, an investigation of modality effects 

on early composing is justified because the two modalities differ in 

transcription demands. For beginning writers, both cognitive demands 

related to letter retrieval, motor demands related to outputting letters and 

more practical demands like learning to use rubber or technological 

spelling support influence their ability to compose text. According to the 

capacity-sharing hypothesis, writing involves several processes that 

draw on the same cognitive resources, and if some processes – 

transcription in the case of beginning writers – occupy a substantial 

amount of the resources, there will be fewer resources available for other 

higher-level processes (McCutchen, 1996; Torrance & Galbraith, 2006). 

It has been argued that typing can relieve the burden of transcription for 

beginning writers because motor actions are easier (Beschorner & 

Hutchison, 2013; Genlott & Grönlund, 2013; Trageton, 2003, pp. 80–

81). It might also be that recognising letters on a keyboard is easier than 

retrieving letters from memory. Further, typing might involve spelling 

support, such as text-to-speech, which might have consequences for the 

production and the quality of the final product. 

If it were the case that typing is less resource-demanding, we 

would expect children to perform better when they type. The finding of 

no modality effect on written composition performance might therefore 

indicate that the two modalities place demands on children to a similar 
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extent. In this early stage of literacy development, children might be 

constrained by inscription in both modalities. Cognitive letter retrieval 

when handwriting can be demanding, but so can cognitive processing 

while typing: When a beginner writer is not yet familiar with the 

keyboard, substantial cognitive resources may be used on visual 

scanning to find the letter key, with the other letters as potential 

distracters (Ouellette & Tims, 2014). Forming letters by hand is typically 

a slower process than pressing keys (Mangen & Velay, 2010), but for 

children learning to write, searching for the right key might also be time 

consuming (Ouellette & Tims, 2014). 

Alternatively, it could be that for these very young writers, 

demands related to inscription do not largely impact their written 

composition performance. As mentioned in Section 2.2, it is often 

assumed that a lack of inscription fluency will disrupt the writing process 

in such a way that the quality of the final product is affected negatively 

(the process-disruption hypothesis). Empirically, meta-analyses of 

children from kindergarten to twelfth grade have found positive effects 

of handwriting fluency on text quality (Feng et al., 2019; Kent & 

Wanzek, 2016). Intervention studies have also shown increased text 

quality after training in handwriting for second graders (Alves et al., 

2016) and typing for fourth, fifth and sixth graders (van Weerdenburg et 

al., 2019). In the present work, the participants were children learning to 

write, and this group of writers typically has weak inscription skills, 

which again may lead to disfluent production of text. However, the 

participants were given much time to complete their compositions, 

meaning they could take many pauses and frequently refresh their 

memories. For that reason, students might have compensated for lack of 

fluency when composing, and the potential effects of differences in 

inscription demands on compositional quality might have been less 

pronounced. It might also be, as Rønneberg et al. (2022) pointed out, that 

there is no causal relationship between compositional fluency and quality 

of the final text, and that a third factor might affect both transcription 
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ability and composition ability, explaining the effects of inscription 

fluency on text quality in previous studies. 

Further, it is also possible that the writers were heavily 

constrained by spelling, so the potential benefit of easier inscription 

might be overridden by demands related to getting the spellings on the 

paper/screen. 

Children writing on a digital tablet could use text-to-speech 

technology. Such an aid might support children in spelling words more 

accurately, but it does not necessarily make the spelling process easier (I 

return to this below). Moreover, tools supporting writing will impose 

some burden on the writer by requiring training in using it (MacArthur, 

2000). Until children have learned to use text-to-speech, this 

functionality might not entail any advantage. As observed in this work, 

the children in the typing condition produced texts that, on average, were 

better spelled than children in the handwriting condition, while students 

in the mixed condition did not write texts with better spelling accuracy 

when typing compared to handwriting when being assessed at an early 

time point in first grade. Both students in the typing condition and 

students in the mixed condition had the opportunity to use text-to-speech 

when typing. However, children in the mixed condition were probably 

less experienced in using this support than children in the typing 

condition. In the mixed condition, the writing instruction was 

approximately evenly divided between handwriting and typing, while in 

the typing condition, all time was devoted to learning to write on the 

keyboard. Students in the typing classes who would not need to practise 

handwriting would therefore have more time to become familiar with 

and learn to take advantage of the text-to-speech functionality than 

students in the mixed condition. 

This thesis also investigates whether potential modality effects 

on written composition performance depended on the children’s literacy 

skills measured at school entry and found no evidence that this was the 

case. This finding might be seen as an indication that the modalities 

constrain the writing of first graders to a similar extent. If typing was 
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cognitively less demanding than handwriting, one could have observed 

that some students benefitted from typing. One could, for example, 

expect students with weaker letter knowledge skills to produce longer or 

better texts when writing by keyboard than by hand. Easier inscription 

demands in typing could directly support children with weak letter 

knowledge to output their ideas as written text. Furthermore, in line with 

capacity theory, it could be the case that students with well-developed 

literacy skills, such as good vocabulary skills, could produce texts of 

better quality when typing than when handwriting. If typing frees 

resources for higher-level processing, these students might be able to 

take advantage of their better literacy skills when typing, and for example 

generate more ideas and select more diverse or precise words when 

typing and less constrained by inscription. However, as suggested above, 

there might also be alternative explanations for why no differences in 

length or quality were found; for example, that spelling heavily 

constrained children’s writing and overrode easier inscription demands.  

In addition to investigating modality effects on performance, the 

present thesis examines whether one of the modalities better supports 

first graders in learning to compose text. The findings indicate that the 

modality does not affect the rate at which children learn to compose 

narratives in otherwise business-as-usual classrooms. It seems that 

neither modality provides any advantage – or disadvantage – for learning 

written composition during the first year of instruction. Again, this might 

suggest that the modalities put similar constraints on the writers and that 

no extra resources are freed to support learning higher-level processes in 

one of the modalities.  

Alternatively, it might be that one of the modalities relieves the 

burden of transcription, but that the children did not manage to take 

advantage of this. It might be that learning to develop the quality of text 

above transcription, for example, to organise text on the macro level, 

requires a substantial amount of, or a specific type of, explicit instruction. 

For example, Arrimada et al. (2019) reported on a 10-week intervention 

in Spanish first-grade classrooms in which the intervention group 
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received instruction in self-regulating strategies for planning content and 

structure in composition, and the control group received instruction 

focusing on reading stories and discussing the content and enhancing 

motivation for composing stories. Students in the intervention group 

produced texts with better structure, coherence, overall quality and a 

larger number of narrative features after the intervention than students in 

the control group. The present thesis studies classrooms with writing 

instruction based on different modalities but otherwise business-as-usual 

instruction. I have limited information about how teachers in these 

classrooms instructed children to improve features related to higher-level 

processes. In the teacher questionnaire, teachers were asked to report 

how often students took part in activities like discussing what makes a 

good text and discussing the macro-organisation of text (confer Section 

3.3.2 and Article 3, Section 2.2). Generally, the teacher responses 

indicated that this was not emphasised, either in the handwriting or in the 

typing classrooms. It might be that, for example, children who learned to 

write by typing had more resources available to focus on learning high-

level processes but that they had not learned enough about what makes a 

good text to take advantage of these extra resources. 

The present thesis also examines whether modality effects on 

learning to compose text vary with children’s literacy skills. Article 4 did 

not find faster or slower growth rates in text length or composition 

quality in one or other modalities dependent on students’ literacy test 

scores at school entry. On the contrary, the data showed evidence in 

favour of there being no interaction effects between modality and literacy 

skills on learning to compose narratives. It seems, therefore, that students 

did not experience benefits or detriments when composing in one or 

other modality depending on their literacy skills. Again, these findings 

might indicate that neither modality relieves the burden of inscription 

when learning to compose a text. If it were the case that handwriting is 

more resource demanding, students who start school with weaker literacy 

abilities, such as weak letter knowledge, could suffer when learning to 

compose by hand. These students would struggle more with inscription, 
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and if all their resources were directed towards forming letters, they 

would further struggle with learning the higher-level skills involved in 

composing. Similarly, if typing constrained inscription less, students 

with good literacy skills could, hypothetically, have exploited these skills 

and learned higher-level processes involved in composition faster when 

learning writing by typing than when learning by handwriting. 

This would, however, not be the case if, as mentioned above, the 

demands of spelling override any effect of easier inscription demands. 

The students who learned writing by typing used text-to-speech 

technology, which probably supported their performance in orthographic 

accuracy. However, this did not lead to any improvement in higher-level 

features or production of longer compositions. This finding is in line with 

other studies indicating no gains for length or quality, but increased focus 

towards, and possibly improved, spelling accuracy when using text-to-

speech support when composing text (Bjørkvold & Svanes, 2021; Borgh 

& Patrick Dickson, 1992; Dahlström & Boström, 2017; MacArthur, 

1998, 1999). Thus, the present work provides no evidence that the text-

to-speech supports children in producing text. Rather, it seems that this 

functionality may help students correct their orthographic errors once 

they have produced text. If text-to-speech leads to increased focus on 

transcription accuracy this might override potential effects from easier 

inscription demands when keyboarding. If pressing keys, compared to 

forming letters by hand, frees resources, these resources might have been 

directed towards spelling accurately rather than on learning other higher-

level processes involved in composing.  

As mentioned in the introduction, a few previous studies on 

learning low-level skills involved in writing have found benefits for 

handwriting training compared to typing training in children who have 

not yet started school (Longcamp et al., 2005; Kiefer et al., 2015; Mayer 

et al, 2020). For example, Longcamp et al. (2005) reported that children 

aged 4–5 improved their letter recognition performance after 

handwriting training, while typing training resulted in no such learning. 

If handwriting is important for letter learning, it could be that first graders 
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with poor letter knowledge at school entry would benefit from learning 

to write by hand compared to using a keyboard. However, Article 3 did 

not find any evidence supporting this.  

Looking closer at Longcamp and colleagues’ (2005) study, two 

aspects are worth noting. First, the training consisted of children writing 

by hand or typing twelve letters over three weeks with one half-hour 

session weekly where children in each session copied each letter twice. 

This is far less than children would do during regular writing instruction. 

Second, the training consisted of copying words with the letters to learn 

without focusing on the meaning of the words, neither the name nor the 

sound of the letters. This is also different from regular classroom 

training, in which letters are typically rehearsed by making children 

explicitly aware of the letter form and the corresponding sound. Duiser 

et al. (2022) recently replicated Longcamp and colleagues’ (2005) study 

with a few adjustments. Preschool children aged 5 were exposed to a 

three-week programme with more minutes of training than in Longcamp 

et al. (2005), and the training was more similar to ordinary classroom 

tuition. In addition, a third condition was included where children 

learned letters without writing, but through regular alphabet tuition, for 

example, through visual presentation of the letter and pronouncing the 

letter and words containing the letter. Duiser et al. (2022) found that 

children learned to recognise letters to a similar extent regardless of the 

training being by hand, touch typing or alphabet tuition. This study 

suggests that there are several routes to learning letters. The present 

thesis did not directly investigate students’ letter recognition abilities. 

Nevertheless, the findings of Article 3 showed that all students achieved 

sufficient letter recognition ability to produce written compositions. It 

might be that learning letters by handwriting requires fewer repetitions 

than learning by typing. However, in a natural classroom setting, we can 

expect that children learning to write by typing will also learn letters, 

although it might be by different mechanisms, for example, more 

repetitions or explicit tuition of the sound and the physical expression of 

the letters. 
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5.1 Limitations and recommendations for future 

research 

The research reported in this thesis investigated natural practices, and 

schools were not randomly allocated to conditions. Therefore, it is 

necessary to discuss the internal validity of the empirical studies. In 

Article 2, all students learned to write in both modalities, and their 

written composition performance was assessed in both modalities. 

Consequently, the writing assessment in the two modalities and the 

writing tasks were counterbalanced across the classes. Reports from the 

teacher questionnaire indicated that writing instruction in the eight 

classrooms entailed writing activities by both hand and digital tablet. 

Therefore, the internal validity of this study should be good. 

The studies reported in Articles 3 and 4 compare the written 

composition learning of students learning to write either by hand or on a 

digital tablet. It was important to make sure that there were no 

confounding variables explaining the findings of the lack of modality 

effects. As reported in Section 3.3, there were no systematic differences 

between the conditions related to mean class size, socioeconomic status 

of students, students’ literacy abilities due to prior literacy stimulation in 

kindergartens or funding of the schools. Further, it was necessary to 

establish that the writing instruction in the handwriting condition was 

actually based on pencil and paper, and that the writing instruction in the 

typing condition was based on a digital tablet (cf. Section 3.3.2). 

Evidence for this comes from what access children had to digital devices 

and from the teacher questionnaire in which the teachers reported their 

writing instruction practices. There are limitations to self-reports, and 

there is no guarantee that the self-reports are true accounts of what 

happened in the classroom. However, due to practical limits, it was not 

possible to apply direct measures, such as video observations of a 

substantial number of the lessons in each condition. However, as pointed 

out in the discussion in Article 3, we could have increased the internal 
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validity by making teachers report their classroom practices more 

regularly.  

The present thesis explores modality effects in natural 

classrooms, and this yields a high degree of ecological validity. This is 

an advantage for communicating findings and implications to the 

practice field. However, it would also be valuable to know more about 

the mechanisms involved when children learn to compose text either by 

hand or on a digital tablet. As discussed in Article 3, modality might have 

affected classroom practice, which again might have affected children’s 

learning to compose text. Modality might also have had individual 

cognitive effects on children’s learning and on performance during the 

assessment. However, the data do not give information about the 

underlying mechanisms that were at play. Future research could 

investigate to what extent basing initial writing instruction on a digital 

device affects the content of the writing instruction, for example, with a 

shift in the type of writing activities. 

This work could not determine children’s development of 

compositional spelling in the typing condition. Because students used 

text-to-speech, it is not clear whether typing slowed children’s learning 

of transcription accuracy or whether it was masked by the support 

provided by the text-to-speech functionality. Previous studies of training 

in different modalities have either found advantages for handwriting 

(Cunningham & Stanovich, 1990; Mayer et al., 2020) or no modality 

effect (Kiefer et al., 2015; Ouelette & Tims, 2014) on learning to write 

real words accurately or learning to spell non-words, but none of these 

studies have investigated typing with the use of functionality like text-

to-speech. Future research could explore the effects of typing, and 

specifically the use of text-to-speech support, on children’s spelling 

development, both their spelling ability in general and their 

compositional spelling. It could for example be that using text-to-speech 

can lead to increased awareness of the relation between sounds and 

letters. It could also be that children to a lower extent have incentive to 
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develop their own ability to spell when having the opportunity to lean on 

the technological support when composing. 

This work studied children who were at the very start of their 

formal writing development. Findings from the empirical articles do not 

provide information about written composition performance and 

learning in subsequent years. It is possible that the growth rates of 

children learning to compose in one or other modality might develop 

differentially as they attend older grades. In particular, research is needed 

on the transition from learning to write in one modality to another. In 

Norway, this transition usually happens around the second grade for 

children who have received either handwriting-first or typing-first 

instruction. It might be that what children learn in their first school year 

has consequences for how they continue to learn in later years. In 

addition, it might be easier to go from learning to write in one modality 

to learning in the other, compared to learning in the opposite order. 

The present thesis does not study motivation related to written 

composition performance and learning in different modalities, but affect 

and motivation are relevant components for understanding the 

development of writing (cf. DIEW; Kim & Park, 2019). Future research 

could investigate how learning to write in a specific modality influences 

children’s attitudes towards writing, and if it is motivationally harder to 

go from learning to write by typing to handwriting or vice versa (cf. 

previous paragraph). 

With regard to the questions of whether modality effects on 

written composition performance and learning depend on students’ 

literacy skills, a few aspects should be noted. In Article 2, when 

comparing models through LOO-CV, the model that included only 

literacy skills as the main effect did not improve model fit relative to the 

intercept-only model. One can therefore question whether these 

measures captured the constructs of interest. However, from previous 

research, these measures predicted word reading and spelling ability in 

first graders (Solheim et al., 2018; cf. Section 3.6). In addition, the same 
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literacy measures predicted average writing performance in Article 4, in 

which more texts were included. 

Relatedly, it is worth noting that in Article 4, investigating the 

interaction effects between modality and literacy skills on learning to 

compose, fairly complex models were fitted. LOO-CV, the model 

comparison technique used to determine the predictive accuracy of the 

models, penalises the addition of more parameters to prevent overfit. The 

poor predictive performance of the models including two- or three-way 

interaction effects, could be due to penalisation for many new 

parameters. It might be that there was insufficient data to properly test 

the predictive performance of the models. Future research retesting 

whether modality effects on learning to compose text depend on 

children’s literacy skills could preferably include larger samples. 

The findings of the present thesis must be interpreted in the 

context in which the studies were conducted. The participants were 

children who started formal instruction rather late, as there was no formal 

instruction in kindergarten, and the participants learned to write 

Norwegian, a semi-transparent language. The findings cannot 

necessarily be generalised to other educational contexts. For example, in 

other countries, children might start formal writing training earlier than 

in Norway, and the characteristics of languages, such as transparency, 

may interact with modality in the potential effects on written 

composition. Future research could execute similar studies of children’s 

written composition performance and learning in other educational and 

language contexts. 

It is also worth mentioning that children’s writing performance in 

one genre cannot necessarily be generalised to other genres, and that the 

writing scores obtained in one genre therefore are not representative of 

children’s writing proficiency as a whole (Bouwer et al., 2015). I am 

therefore cautious in claiming that the findings extend to the writing of 

other text types. However, for beginning writers, the narrative genre 

holds a unique position, and composing in first-grade classrooms 

typically takes the form of narrative compositions.  
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Relatedly, measuring writing skills requires multiple assignments, 

and more texts are generally needed from unexperienced writers to be 

able to generalise to their writing skills (van den Bergh et al., 2012). For 

future studies that might want to replicate the studies encompassing this 

thesis, it is worth considering whether it would be possible to collect 

even more texts from each participant. 

 

5.2 Implications 

5.2.1 Implications for theory and methodology 

Previous studies of modality effects on written composition performance 

in children have typically sampled students older than first graders and 

students who are more experienced with handwriting than typing. These 

studies have indicated that students produce longer and higher-quality 

texts when writing by hand than by keyboard (Berninger et al., 2009; 

Connelly et al., 2007; Read, 2007; but see Dahlström & Boström, 2017). 

Article 2 of this thesis investigated modality effects on length and 

compositional quality in children who, from the start of formal writing 

instruction, learned to write both by hand and using a digital tablet, and 

the findings indicate that modality per se does not affect children’s 

written composition performance. This finding was the case for all 

students, regardless of their literacy skills. Therefore, previous findings 

of better performance when children write by hand can probably be 

attributed to the participants being more experienced in this modality. 

Arguments have been put forward about using keyboards in early 

writing because typing involves easier motor actions, which might make 

it easier for children to write longer and better compositions (Genlott & 

Grönlund, 2013; Trageton, 2003). The present work does not provide any 

evidence that producing text by hand (or keyboard) is more resource 

demanding in such a way that higher-level processing suffers, further 

resulting in shorter texts or lower text quality of the final product. 
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However, this finding was in a context where children could more or less 

spend the time they needed to complete their compositions, and their 

writing process was not directly investigated. The present thesis can 

therefore, to a limited extent, contribute to our understanding of the 

processes associated with composing texts in the two modalities. The 

findings of the thesis suggest that handwriting and keyboarding constrain 

children’s processing to the same extent, but there are also alternative 

explanations discussed above (Section 5). 

 Previous studies comparing instruction based on handwriting or 

on a digital device have indicated that children have improved the quality 

of their compositions more when being trained in typing (e.g. Larter et 

al., 1987; Moore & Turner, 1988; Owston & Wideman, 1997). However, 

these studies are quite old, and they have not sampled students from the 

very start of the first grade. The present thesis, which compared groups 

that, from the start of formal instruction, were taught writing either by 

hand or by a digital tablet in otherwise business-as-usual classrooms, 

found that modality did not affect the rate at which children learned to 

compose text – with the caveat that the learning of transcription accuracy 

could not be determined for students writing by a digital tablet as they 

used text-to-speech support. In addition, the thesis found evidence in 

favour of there being no interaction effects between modality and 

children’s literacy skills on learning to compose text. These findings 

might indicate that the modalities constrain the learning of written 

composition to the same extent and that no extra resources are freed to 

support the learning of higher-level processes in one or another modality. 

However, more research is needed to understand the mechanisms 

involved and thereby draw conclusions about the modality effects on 

processes related to learning to compose text. 

With regard to implications for methodology, I think my work 

illustrates that even texts by beginning writers can be analysed 

analytically. Studies that measure the composition quality of first-grade 

writers typically apply holistic quality ratings (Abbott & Berninger, 

1993; Juel et al., 1986; Kim & Park, 2019, Torrance et al., 2021), even 
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though some have looked at separate dimensions of children’s texts 

(Kent et al., 2014; Kim et al., 2013, 2014). The thesis illustrates that with 

clear criteria, it is possible to rate features on different levels of language, 

even in texts that are simple and short and marked by errors. The text-

analytic approach, in which features are assessed explicitly, is suitable 

for enhancing our knowledge about written composition performance 

and written composition learning in beginning writers. 

5.2.2 Implications for practice 

During the last few years, the debate about the use of digital devices in 

beginning writing instruction has been highly polarised (Arndt, 2016; 

Mangen & Balsvik, 2016; Wollscheid et al., 2016). It is my wish that the 

findings of this thesis can contribute to informing teachers, parents and 

policymakers. The results presented here indicate that first-grade writers 

with limited experience in either modality produce compositions of 

similar length and quality in both modalities. Thus, there does not seem 

to be any inherent advantage of either modality for producing text for 

school starters. The findings also indicate that the lack of modality effect 

on written composition performance does not depend on children’s 

literacy skills. Rather, this indicates that teachers can let their whole class 

produce text in the same modality without worrying that students with 

weaker literacy skills will suffer disproportionally in their text 

production. 

 The thesis also indicates that first graders learn to compose 

narratives at the same rate in both modalities when the writing instruction 

is based on either handwriting or a digital tablet without any other 

fundamental changes in the instruction. This means that schools/teachers 

who teach children composition using a pencil on paper can continue 

doing so if they want, without concern that their students will learn to 

compose slower than students learning to write by digital tablet. On the 

other hand, schools/teachers who have purchased digital devices to be 

used in initial writing instruction can also keep using these devices and 
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be confident that their students will learn to compose at the same rate as 

children learning to write by hand.  

The research reported in this thesis also suggests that the lack of 

modality effects on learning written composition do not depend on 

children’s literacy skills. This again indicates that teachers can let their 

whole class learn composition in the same modality without worrying 

that students with, for example, weaker literacy skills will experience 

detriments in their written composition learning in the first year of 

school.  

The data that I collected showed a large variation in the text 

quality of compositions written by first graders. Still, all students could 

take part in the composition tasks. Some students could produce a 

complete story, while others could only write a sentence or copy the three 

words they were given along with the picture. Some of the texts were not 

analysable according to my criteria, but children who wrote letter strings 

that were not conventional words could still participate in the writing 

activity. As described by Håland et al. (2022), providing children with 

the opportunity to compose full texts from the start of school is 

advantageous for supporting all children in learning to write, regardless 

of their abilities. While composing, the teacher can scaffold children 

where they are and give feedback on what the child needs, whether that 

be developing knowledge about correspondence between sound and 

letters, forming letters or generating relevant content. An early focus on 

composing full text is also in line with research-based recommendations 

for writing in primary grade classrooms, which, for example, state that 

students should be given daily opportunity to write and that there should 

be a balance between practicing componential skills and more 

communicative writing of connected text (Cutler & Graham, 2008; 

Gerde et al., 2012; Graham et al., 2012). Giving communicative 

composition tasks, such as composing for an audience like Teddy bear 

Elling, from an early time point in first grade is likely to provide children 

with good opportunities for developing composition skills, regardless of 

whether they learn to write by hand, by keyboard or in both modalities. 
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When using digital devices in initial writing instruction, many 

applications are available for learning letters and composing text. Many 

of these are commercial programmes, and teachers often have a limited 

chance to influence which applications are bought (Rogne et al., 2022). 

Research on game-based applications for learning word-reading shows 

the importance of teachers (adults) supporting students while using the 

applications (McTigue et al., 2020). Based on my research, I also 

recommend that teachers take the time to explore the applications for text 

composition and critically review them in light of pedagogical aspects. 

In particular, applications with text-to-speech functionality should be 

reviewed by teachers. Teachers should check the quality of the spoken 

output, specifically in relation to students’ spoken dialect and the use of 

written standard (Bokmål or Nynorsk). Students will need training in 

using text-to-speech support, and teachers could use instruction in this 

functionality as an opportunity to develop children’s metalinguistic 

awareness. 

As noted in the Introduction, an important argument for 

equipping students with the personal digital devices to be used in 

schoolwork is to enhance learning (Islam & Grönlund, 2016; Ricoy & 

Sánchez-Martínez, 2020). It might therefore be somewhat disappointing 

that learning to write by typing does not entail benefits for learning 

written composition compared to traditional methods, as considerable 

sums of money have been spent on buying digital devices. However, in 

the present research, the sampled classrooms that applied digital tablets 

did not follow a specific pedagogical method centred around the use of 

digital devices. The classrooms exchanged pencil and paper with digital 

tablets, and to a certain extent, the writing instruction would have been 

adjusted due to digital tablets being the main tool for writing. For 

example, Article 3 indicated that modality might affect the focus of the 

instruction – a few teachers in the typing condition reported more time 

spent on story writing compared to the teachers in the handwriting 

condition. 
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 However, the question remains whether all potential affordances 

of the digital modality were exploited in the classrooms that were studied 

in this work. I therefore recommend that teachers who instruct children 

to learn writing on a digital device, explore the possibilities that a digital 

tablet might give. For example, digital writing can make it easy to share 

and publish text and thereby find an audience, for example, peers and 

parents, or other classes or the general public. Digital writing might 

perhaps also support feedback practice. Research on teacher feedback on 

primary-grade children’s texts suggests that the focus often is on the 

local level, such as spelling and grammar (Lucero et al., 2018; Lunsford 

& Lunsford, 2008; Rønneberg & Nilsen, 2022), though in a recent study 

Norwegian primary grade teachers report giving feedback both on 

orthography and content and structure (Håland et al., 2022). When 

commenting on children’s digital texts, there is no need to comment on, 

for example, letter formation, and the scope for commenting on all levels 

of the text (Rønneberg & Nilsen, 2022). I would encourage teachers to 

explore the potential for supporting the development of higher-level 

features in text when children write digitally. 

Finally, my work aimed to find effective ways of analysing 

narrative compositions by first graders. Generally, there was 

improvement in the text features assessed across the assessment 

occasions, indicating that these measures captured relevant aspects of the 

children’s compositions. These measures can be further developed and 

inform the development of writing tests to diagnose the writing of 

beginning writers. These measures can also be adapted to first-grade 

teachers who want guidance on what to look for when assessing their 

student’s texts. 

5.3 Conclusion 

Based on the research presented in this thesis, I conclude that modality – 

handwriting on paper or keyboarding on digital tablet with text-to-speech 

functionality – does not seem to have a profound impact on first-grade 
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children’s written composition performance and written composition 

learning.  

The thesis has found evidence that for first graders who are taught 

both handwriting and keyboarding from the start of their formal writing 

career, modality does not affect the length or quality of children’s 

compositions. It has also provided evidence that neither modality offers 

any advantage for written composition performance depending on 

children’s literacy skills. Thus, it does not seem that children with, for 

example, weaker literacy abilities will be supported more in producing 

compositions when writing in one or another modality. 

Further, the thesis demonstrates that writing instruction based on 

either handwriting or typing on a digital tablet in otherwise business-as-

usual classrooms does not affect the rate at which children learn to 

compose text in their first school year. Regardless of modality children 

developed their composition skills in terms of text length, syntactic 

complexity and accuracy, and narrative structures. Children writing by 

hand showed development in transcription accuracy, while for children 

writing by digital tablet it was not possible to determine whether they 

improved these skills, due to the use of text-to-speech. The thesis also 

found evidence that when first graders learn to compose text, children 

with weaker – or better – literacy skills do not particularly benefit from 

learning to write in one or another modality. These conclusions are based 

on research with Norwegian students who start formal literacy 

instruction in the first grade and who learn to write a semi-transparent 

language, and the conclusions might not be valid in other language and 

educational contexts.  

I also reiterate that my research provides limited knowledge 

about the mechanisms at play when children learn to compose text by 

hand and on a digital tablet, and future studies exploring this further are 

warranted. Also, before giving clear recommendations to teachers and 

policymakers about the choice of modality in initial writing instruction, 

more studies are needed, particularly on potential transition effects in 

going from learning to write in one modality to another. Until this has 
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been established, it is of value to know that both instruction based on 

handwriting and instruction based on digital tablets can provide children, 

at least in a context similar to the one studied here, with similar 

opportunities for developing their written composition skills in their first 

year of school. 
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Appendix 2 – Writing assessment tasks 

Task A 

 

gut       is     pus5 

  

 
5 Translation: gut ‘boy, is ‘ice’, pus ‘cat’ 
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Task B 

 

jente       tre       ball6 

 

 

 
6 Translation: jente ‘girl’, tre ‘tree’, ball ‘ball’ 
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Task C 

 

dame    fugl    bæsj 
7

 

 

 
7 Translation: dame ‘lady’ fugl ‘bird’, bæsj ‘dirt’ 
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Task D 

 

hai      ball     gut8 

  

 
8 Translation: hai ‘shark’, ball ‘ball’, gut ‘boy’ 
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Task E 

 

mann     banan     ape9  

 
9 Translation: mann ‘man’, banan ‘banana’, ape ‘monkey’ 
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Appendix 3 – Transcription and coding manual 

 

Transcription and coding manual 

 

This manual was used for transcribing and coding the texts for Article 2, 

3 and 4.  

The present version of the manual was used for Article 3 and 4. There 

were some changes in this second version compared to the first version 

used in Article 2. As Article 3 and 4 included more texts several new 

issues were raised, and new clarifications had to be made. The most 

important differences are: In the second version, an extra transcription 

was made for the vocabulary measure (because more words yielded some 

homonyms). Specifications regarding the coding of spelling, syntax and 

narrative structures were done. The first version included the rubric for 

holistic rating (only the texts analysed in Article 2 were rated for holistic 

quality).  
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TRANSCRIPTION 1 

The transcription in general 

The texts are transcribed in Excel. The schools and students are 

anonymised with numbers. 

The texts are transcribed with goodwill. However, meaning is not 

interpreted at any cost – the interpretation must be reasonable. When 

facing unclear text, a second rater is consulted. 

Transcription 1 is a character-by-character transcription. Thus, words 

can be misspelled, and spacing can be missing or erroneous. 

All conventional characters – letters, numbers and punctuation marks – 

are transcribed.  

All the letters are standardised to lower-case letters.  

Names of the children with the function of identifying the writer, 

typically written on the top or the bottom of the sheet, is not transcribed. 

When a student has used his/her own name as part of the story / the text, 

this is transcribed with the following code: Each character is replaced by 

one q-character: Jo =qq, Maria = qqqqq. 

Identifying characters: inverted letters etc. 

Letters can have an unconventional form. However, they must be 

recognisable as a letter to be transcribed. In cases where it is hard to 

identify the letters two parallel strategies are used: 1. Letters in the same 

text are compared. Instances of the same letter and similar alternative 

letters are looked for. 2. The reasonable interpretation of the word/text is 

sought, and based on this, what the letter could be is suggested. Then it 

is decided if this can be justified with regard to the graphical form.  

If the graphical form suggests one letter and the context another letter, 

the graphical form is the decisive factor. 
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Many of the letters are inverted, and these are transcribed as normal 

letters. However, the same rule applies here: In cases where an inverted 

letter can be mixed with another letter (<d> and <b>, <p> and <q>), the 

graphical form is decisive, not the letter implied by the context. For 

instance, sqise is ‘eat ice’, where the second letter of spise is inverted, is 

transcribed sqise is even though the student probably meant spise is. 

Punctuation 

What is regarded as punctuation marks is liberally decided, both with 

regard to form of the marks and their placement in the text. Full stop and 

colon can be tiny dots or bigger circles. Question marks and exclamation 

marks can be inverted.  

Other punctuation, like comma, dash, hyphen and parentheses, and 

plus/minus sign, are transcribed as long as they are part of the text and 

have a function related to the letters, e.g. she bought ice + banana. A 

line consisting only of short horizontal lines are not transcribed as 

hyphen or dashes. If these kinds of signs are used systematically to 

separate words, they are not transcribed (but replaced with space, 

because the words are segmented, even though in an unconventional 

way). 

Spacing 

Spacing between letters is transcribed according to what is done in the 

text. If there is no space between the characters/words, there is no space 

character added in the transcription. If there is space – ordinary or long 

– one space character is transcribed. In order to transcribe space between 

words, there has to be bigger space between the words than between the 

characters in the words. The space after a word is compared to the spaces 

within the preceding word (the first word on a line with the following). 

If there are words with varying spacing between the letters, the space 

used as a reference point is the most used. To transcribe space within a 

word (wrong space), there has to be enough place to insert in a character 
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(with some space around), and the width of this character is decided by 

the context – the width of the characters used in the particular text. 

Extreme curves and lines are ignored. 

NB: Spacing is not put into non-words. This means that non-word letter 

sequences that are separated by space/line brake are not transcribed with 

space. 

Line brakes are transcribed as space (one space character). If the student 

masters the use of hyphenation at word-division, the word is transcribed 

without hyphen or space. If the student does not master this rule, e.g. 

writes a hyphen after every final word of the lines, space is transcribed 

for line break (and hyphen ignored).  

Space is not put in before sentence terminators. Space is always put in 

after sentence terminators (full stop is accepted as segmentation of 

words). 

When hyphen, dash etc. are used to separate words, this is transcribed as 

space. (The children have managed to segment the words even though 

they have done it in an unconventional way.) 

Aspects of the text that are not transcribed  

Text that is deleted is not transcribed. Characters erased or crossed out 

can sometimes be identified in the handwritten texts. Then this might be 

of help to identify the text that is not deleted. Deleted text is not possible 

to trace in the digital texts. 

Text that is marked graphically, like bold print, bigger or smaller size of 

the characters etc. is not marked.  

Drawings and symbols (e.g. emoticons) are not transcribed. Characters 

that are not letters, numbers or punctuation marks, and that do not have 

any function related to the other text, are not transcribed, like $ and *. 

Numbers are transcribed as long as they are part of the text, e.g. she 
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bought 1 banana, but lists of numbers unrelated to the text is not 

transcribed, e.g. 1 2 3 00000000 3 2. 

Blank lines are not marked. Broad spacing (spacing equal to the width of 

more than one character) is not differentiated from ordinary spacing (the 

width of one character). 

 

TRANSCRIPTION 1.5 

This transcription builds on transcription 1, but space use is corrected, 

and non-words are marked up. Measures of text length and spacing 

accuracy are extracted. 

Measure 1 and 2: Text length and spacing accuracy 

Operationalisation 

Text length is defined as number of words written. A word is defined as 

a string which represents a phonologically plausible spelling (including 

the correct spelling) of a Norwegian word that children might plausibly 

know. Words cannot contain [.!?:] or space. 

Space use accuracy is understood as ability to segment words with space 

(or sentence terminator). 

Analytic procedure for transforming transcription 1 to transcription 

1.5 

1. Space insertion: Spaces are added to the text in order to create 

the maximum number of maximally long words. Spaces are 

inserted such that they bound words, but are not inserted to 

break up words into shorter words. Sentence terminating 

punctuation is not changed. Other punctuation, like hyphen, 

dash, equal sign and plus sign, are replaced by space. 
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2. Space deletion: Spaces are deleted ONLY IF they currently 

bound non-word strings AND ONLY IF they were not inserted 

in the previous step (i.e. were produced by the child) AND IF 

AND ONLY IF doing so creates new words. Spaces are also 

deleted to create maximally long words. Spaces are deleted 

within non-words. 

3. Non-word markup: Strings that are bounded by space that are 

not words are marked as non-words: [NW] 

The number of wrongly inserted spaces in compounds or simplexes 

(additional/overgeneralised spaces) are summed and noted in a separate 

column next to transcription 1.5. 

Full stop within words: the full stop is moved and placed only after the 

word (if there already is a terminator after the word, the terminator is 

deleted). In addition, this is also noted in the column next to transcription 

1.5 (regarded as an additional space like compounds that are divided). 

NB: Here, white space between words and white space within words are 

placed on equal terms. The latter could, however, be interpreted as part 

of spelling (cf. spelling accuracy). 

Analytic procedure for extracting the measures 

Text length – functional words = count of strings bounded by spaces or 

sentence terminators in transcription 1.5, and not marked as non-words 

Space use accuracy is modelled as number of correctly inserted spaces 

divided by the sum of correct, additional and missing spaces. 

 

TRANSCRIPTION 2 

This transcription is a copy of transcription 1.5, and in addition the 

misspellings are corrected. This transcription is used for the measure 

spelling accuracy. 
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Measure 3: Spelling accuracy 

Operationaliation 

The non-words are left out in this analysis, and only functional words are 

considered.  

The norm for correctly spelled words can be found in Norwegian 

dictionaries, the Nynorsk dictionary and the Bokmål dictionary 

(https://ordbok.uib.no/). What is measured as spelling, is if all of the 

letters in the words are present in the right order (knowledge of phoneme-

grapheme correspondence). Other conventions that can been regarded as 

part of the orthographic system, are isolated and treated as separate 

measures: punctuation and spacing (compounding errors are not 

included, as they are part of the measure of spacing accuracy). 

Capitalisation is not considered because many of the students have not 

learn both lower-case and higher-case letters.  

Norwegian has to written standards, Nynorsk and Bokmål. The students 

in the sample are officially learning to write Nynorsk from the first grade 

(and Bokmål later). However, they are usually heavily influenced by 

Bokmål through society: books etc. The children are not necessarily 

conscious of learning Nynorsk, and there were no instructions to the 

teacher to mention Bokmål/Nynorsk when they were to write the texts. 

This means that many of the texts are written with forms that are not 

within the Nynorsk-norm, but the Bokmål-norm (and of course dialectal 

forms). Therefore, it is decided for each text if it is written in Nynorsk or 

Bokmål, and the words are corrected according to the corresponding 

written standard. Thus, a mixture of Bokmål and Nynorsk is not 

accepted, as the students write texts, and not single words. However, the 

less official rule about systematic use of equally official forms within 

each written standard is not applied (e.g. both dansa/danset ‘danced’ and 

hjem/heim ‘home’ will be accepted within the same Bokmål-text). 
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Both Nynorsk and Bokmål can be considered (semi-)shallow 

orthographies (Finish and German are more shallow, while Danish, 

French and English are more opaque) (Seymour, Aro & Erskine, 2003). 

To decide if the text is Bokmål or Nynorsk, the number of words 

signalling each of them are counted (a lot of words are common for both), 

and the standard with the most words is selected. In practice this means 

that the written standard that gives the least number of incorrectly spelled 

words is chosen. If the texts have the same number of errors in Nynorsk 

and Bokmål, the misspellings are considered and if these point to one of 

the standards, this is chosen (and if they do not, Nynorsk is chosen). 

Analytic procedure for transforming transcription 1.5 to 

transcription 2 (rules of spelling correction) 

Every functional word is corrected for misspellings according to the 

Nynorsk or the Bokmål dictionary, respectively. As few changes as 

possible are done with regard to insertion and deletion of characters to 

make the words correct (Norwegian has often various official forms of 

the same word). 

To rule out real word errors the following rule is applied: 

A word that does not make sense in context AND IS NOT based on a 

lemma that would make sense in context AND is a phonologically 

plausible or near plausible spelling of a word (or morphological form) 

that would make sense in context is corrected to the word/form that 

makes sense in context. 

NB: As can be seen from the rule above, inflected forms are not corrected 

even though the context implies another inflected form. Examples: han 

ete isen ‘he eat the ice’ (the infinitive form is kept even though the 

context implies the present tense); mannen ser ein apen ‘the man sees 

one the monkey’ (the double definitiveness is kept). 
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In cases where a form cannot be found in the written standard, the form 

is corrected to the closest official form (the form that gives the least 

possible changes within the standard). Example: jenta hnt is = jenta hent 

is ‘the girl gt ice = the girl get ice’ 

Loan words are accepted, e.g. brun green vit ‘brown green white’ is 

transcribed as brun green kvit. The Bokmål-word spise ´to eat´ is also 

accepted as a loan in Nynorsk-texts. (The alternative in Nynorsk is a 

different lexeme: ete, but spise has widespread use.) Words from other 

languages are corrected according to these languages, e.g. hasta la bista 

= hasta la vista. 

Personal names are standardised according to the register of ssb: 

https://www.ssb.no/  

Animal names are accepted as they are written (api, nemipus, puffi etc.) 

As the spelling measure is compositional spelling and not spelling of 

single words (dictation), there are cases where it is hard to separate 

spelling from grammar. Generally, grammatical errors are not 

corrected. However, in some cases the morphology of words interferes 

with the spelling and it is inevitable to correct the morphology when the 

spelling is corrected.  

In Norwegian ‘the girl’ usually is written jenta. In Bokmål, however, ‘the 

girl’ can be written jenta or jenten. I Nynorsk only jenta exists. A form 

jenten implies common gender, while jenta implies the feminine. In the 

transcriptions of Nynorsk-texts jenten will be corrected to jenta, because 

jenten does not exist in the official Nynorsk-norm. (Similar with 

mammaen/mammaa.) This can be seen as a correction of both spelling 

(finding the “irregular sound-letter combination”/choosing the correct 

form to write) and grammar (finding the correct inflectional suffix). In 

this study, this will be regarded a spelling error.  
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Another example is cases of wrong conjugation of verbs: weak forms 

instead of strong, and use of wrong weak suffix: stjelte ‘stealed’ instead 

of stal ‘ stole’ , håpte ‘jumped’ instead of hoppa. These forms are 

corrected to the official ones, and regarded as spelling mistakes. The 

errors will not influence any other measure. In the syntax markup, 

however, syntactical errors are marked. (The forms mast and must are 

interpreted as spelling errors – forms that are erroneously conjugated as 

strong verbs in the past tense of the verb miste ‘lose’ and corrected to 

mista ‘lost’.) 

‘A girl’ is written ei jente in Nynorsk. Cases of en jente in Nynorsk-texts 

will be changed to ein jente – the spelling of the article is changed (en 

does not exist in Nynorsk – this form is ein), but the gender of the article 

is not corrected – the grammar will still be incorrect. This is incorrect 

syntax, and will be marked in the syntax markup. The same is the case 

with conjugated verbforms where the spelling reflects one form, but the 

syntax indicates another form: han ete isen ‘he eat the ice’. The form ete 

is the infinitive, and gives a grammatically incorrect sentence. This is 

marked in the syntax markup. (In this clause, the present form et, 

probably was meant.)  

Next to transcription 1.5 a column displays whether a text is corrected to 

Bokmål (b) or Nynorsk (n). If no letter/code, the text is within the norms 

of both written standards. 

Analytic procedure for extracting the spelling measure 

Transcription 1.5 is compared to transcription 2 and correctly spelled and 

incorrectly spelled words can be counted automatically. The non-words, 

marked up with [NW], are kept out. A count of correctly spelled words 

is extracted. Spelling accuracy is obtained by dividing number of 

correctly spelled words by text length (number of functional words). 
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TRANSCRIPTION 2.5 

This transcription is a copy of transcription 2, and in addition homonyms 

are coded. This transcription is used for the measure vocabulary 

sophistication 

Measure 5: Vocabulary sophistication 

Operationalisation 

Sophisticated vocabulary is here related to age of acquisition (Carroll & 

White, 1973; Gilhooly & Logie, 1980). Simple words are learned early, 

while more advanced words are learned later. Similarly, simple words 

will probably be used in written form earlier than more sophisticated 

words. As there are no data on written acquisition of Norwegian words, 

a digital survey was made, following Spilling et al. (2021):  

All of the lexical words in the texts were extracted (nouns, verbs, 

adjectives). The words were grouped under their lemma (dictionary 

form) and put in a digital survey, with the instruction:  

In this survey we want you to assess when children begin to use words in 

their written texts. Words that can be confused with others have the word 

class marked to clarify which word is meant: bakar ‘baker’ (noun). The 

words can be written incorrect, but they must be spelled correctly enough 

to understand which words is meant. Please judge each word in the list 

below and mark the age you think is most suitable. Some words are in 

Nynorsk and others are in Bokmål. 

Please answer the following question: How old do you think children are 

when they start to use these words in the texts they write? (from 5 to 14 

years).  

Below is a picture of the instruction in Norwegian and the start of the list 

of the words to be assessed. 
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Analytic procedure 

A list of all the lexical lemmas from the texts was extracted (845 

lemmas). This was done by extracting all types from transcription 2, and 

then closed class words, proper names and words from other languages 

were sorted out. The lemmas consist of nouns, verbs (auxiliary verb 

excluded) and adjectives. 

Homonyms were identified, and they were marked by changing the 

tokens to different corresponding lemmas in transcription 2.5. 

As there were texts written both in Bokmål and in Nynorsk, some of the 

lemmas were in Bokmål and others in Nynorsk. Most lemmas can be 

found in both written standards, but often with a few differences in 

spelling, for example with different inflection suffixes, e.g. bananer 
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(Bokmål) and bananar (Nynorsk) ‘bananas’, sjukehus or sykehus 

(Bokmål) and sjukehus (Nynorsk) ‘hosptial’, hel (Bokmål) and heil 

(Nynorsk) ‘whole’. Each lemma can therefore represent various different 

forms, not only with different inflections, but with slightly different letter 

combinations, for example the lemma banan representing the singular 

and plural form in both Bokmål and Nynorsk banan, bananen, banarar, 

bananer, bananene, bananane. When different roots are found within the 

same inflectional paradigm, different lemmas were used, for example the 

lemma god ‘good’ (adj.) that represents the forms god, godt and gode, 

and the lemma betre ‘better’ (adj.) that represents bedre, betre, best. 

The lemmas were divided into three digital surveys distributed to 32 

teachers/teacher students (N = 21, 16 and 16).  

Mean score for all lemmas is extracted. This written age-of-acquisition 

score reflects the mean across all individual ratings for that word. Each 

text receives a mean score across lexical-lemma types within the text.  

 

TRANSCRIPTION 3 AND 3.5 

Transcription 3 is a copy of transcription 2. In addition, incorrect 

punctuation is removed. Transcription 3.5 is a copy of transcription 3 

where missing punctuation is inserted. 

Measure 4: Terminator accuracy 

Operationalisation 

Terminators encompass the sentence terminators full stop, colon, 

exclamation mark and question mark. Terminator accuracy is understood 

as ability to correctly use sentence terminators. 

Confer the section of transcription 1 for details about what is transcribed 

as full stop, colon, question mark and exclamation mark. 
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Analytic procedure (rules of deletion and insertion of terminators) 

In transcription 3 all sentences terminators that do not mark the end of a 

main clause, are removed. Confer the section about syntax for the rules 

of what is considered a main clause (e.g.: fragments consisting of an 

inflected verb are regarded clauses). A clause can start with a 

conjunction. Exclamation mark and question mark can be placed both at 

the end of a main clause and immediately after fragments, like 

exclamations. 

Examples:  

Transcription 2: jenta sparkar ballen i treet. klatrar opp. og jenta hentar. 

ballen ‘the girl kicks the ball in the tree. climbs up. and the girl fetches. 

the ball’ 

Transcription 3: jenta sparkar ballen i treet. klatrar opp. og jenta hentar 

ballen ‘the girl kicks the ball in the tree. climbs up. and the girl fetches 

the ball’ 

 

In transcription 3.5 missing sentence terminators are inserted. Every 

main clause should have a sentence terminator, unless it is coordinated 

with another main clause. Only two main clauses (with subordinate 

clauses) can be coordinated before a sentence terminator is set in (thus, 

never ending sentences are split up). All texts are terminated by a full 

stop. In clauses with verbs like say, scream, whisper etc. colon is inserted 

if this verb precedes the remark, e.g. mamma sa: ambulansen kjem 

‘mama said: the ambulance is coming’. 

Transcription 3.5: jenta sparkar ballen i treet. klatrar opp. og jenta hentar 

ballen. ‘the girl kicks the ball in the tree. climbs up. and the girl fetches 

the ball.’ 
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Analytic procedure for extracting the punctuation measures 

Number of correctly inserted terminators (correct terminators): Count of 

terminators [.?!:] in transcription 3. 

Number of additional terminators: Count of terminators [.?!:] in 

transcription 2 minus correct terminators 

Number of missing terminators: Count of required terminators (count of 

terminators [.?!:] in transcription 3.5) minus correct terminators 

Terminator accuracy is modelled as count of correct terminators divided 

by the sum of correct, additional and missing terminators. 

 

TRANSCRIPTION 4 

This transcription builds on transcription 3. In addition, the text is 

marked up for syntax. 

Measure 6: Syntactic complexity and accuracy 

Operationalisation 

The syntax measure reflects the student’s ability to construct different 

kinds of clauses (main and subordinate) and whether the clauses are free 

of syntactical errors or not.  

The syntax coding is done independently of student´s punctuation. 

A main clause must have a subject and a verb (a finite verb). When two 

main clauses are coordinated with linking words, they are counted as two 

separate main clauses. In cases of coordination and omission of one of 

the parts (subject/verb), the clause will be counted as a main clause as 

long as the deletion follows regular writing rules. Imperative clauses are 

regarded as main clauses even though the subject is not expressed. 
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Clauses that wrongly lack subject are regarded as clauses, but are marked 

as ungrammatical. 

Coordination with ellipses and pseudo-coordinations can be hard to 

classify as one or more clauses. Here, coordinated sentences are regarded 

as separate clauses as long as the verbs denote different processes: 

Ho måtte dra heim og dusje og vaske håret. ‘She had to go home and 

shower and wash her hair.’ (three processes = three clauses) 

Jenta er ute og går. ‘The girl is out walking.’ – literally ‘is out and walks’ 

(to processes = two clauses) 

Han held på å ta ballen. ‘He is about to take the ball.’ (one process = one 

clause) 

Han måtte forte seg å kjøpe ny is. ‘He had to hurry to buy a new ice.’ 

(one process = one clause) 

Iterative cases are regarded as one process: Ho leita og leita og leita og 

leita etter bamsen. ‘She looked and looked and looked and looked for 

the teddy.’ 

Cases of repetition within what can be regarded the same 

clause/sentence, are regarded as one, while completely identical clauses 

that are repeated, are regarded as two: 

Han mista mista isen. ‘He lost lost the ice.’ = one clause 

Det var ein gong ein gut. Det var ein gong ein gut.  ‘Once upon a time 

there was a boy. Once upon a time there was a boy.’ = two clauses 

A subordinate clause is part of another clause (nominal and adverbial 

clauses) or part of another part (adjectival clauses). A subordinate clause 

has a subject and a verb (in relative clauses the subject can be found in 

the subordinator som ‘that’). 
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Single words, lists of single words and phrases (e.g. jente i tre ‘girl in 

tree’) are regarded as fragments and are not coded. 

If the clauses contain any syntactical error, they are marked as 

ungrammatical (e.g. wrong word order, non-finite verb as the only verb, 

a part of sentence other than the verb missing etc.). All kinds of 

syntactical errors, concerning level of phrases and clauses, are included. 

Only syntactical rules are concerned. Violations of general writing 

rules/recommendations are not marked as wrong expressions, like 

mixing da ’then’ and når ‘when’ (they belong to the same part of speech, 

thus mixing them will not have any syntactical consequences). 

Syntactical constructions that are more usual in oral language are 

accepted as correct (e.g. extra position: pusen den ville ha den isen ‘the 

cat he wanted to have that ice’, oppe i himmelen der er det blått ‘in the 

sky there it is blue’). Errors of og/å (the conjunction ‘and’ / the infinitive 

marker ‘to’, pronounced the same way) are not changed in the spelling, 

but affect the grammaticality of the clauses. 

Morphological errors without syntactical consequences do not affect the 

coding of ungrammaticality. (In the clause: Jenten er glad. Ho ler. ‘The 

girl is happy. She laughs’, the genus of jenten is wrong according to the 

Nynorsk normal. This is does not have syntactical implications, so the 

clause is not marked as ungrammatical. However, jenten is written jenta 

in Nynorsk, and this is regarded a spelling error – confer the section 

about spelling.) 

Analytic procedure 

Every main clause is marked up with [M]. 

Every subordinate clause is marked up with {S}. 

Clauses that are ungrammatical are marked up with: [MW], {SW} 

Subordinate clauses that are not part of a main clause, e.g. function as a 

complement in a phrase, are marked up with {SQ}. 
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Every clause that is correctly terminated is also given a tag, P: [MP] / 

[MWP]. The terminator has to be placed immediately after the clause.  

Fragments before, between and after clauses are not coded (and not part 

of the [] {}). 

Linking words are regarded as part of the clauses. 

Each text receives a syntax score according to these rules: 

• 1 point for every syntactically correct main clause 

• 0.5 point for every main clause with one or more syntactical 

errors 

• 2 points for every syntactically correct subordinate clause 

• 1.5 points for every subordinate clause with one or more 

syntactical errors 

 

Examples 

Norwegian English Comment  

[MW mista isen] 

[M katten blir glad] 

[M den lille guten 

blir og glad] snipp 

snapp 

[MW lost the ice] [M 

the cat is happy] [M 

the little boy is also 

happy] the end 

 

Two main clauses, the 

incomplete clause 

mista isen ‘lost the 

ice’ lacks subject and 

is marked as 

ungrammatical 

[M så {S da kulene 

datt ned frå isen} 

smilte katten] 

[M so {S when the 

balls fell down from 

the ice} the cat smiled] 

One main clause and 

one subordinate clause 

[M dei står i ein kø] 

[M og ventar på ein 

is] 

 

[M they are standing in 

a line] [M and waiting 

for an ice] 

Two main clauses, the 

last lacking subject 

because the clauses 

are coordinated, but 

still grammatical 

because it follows 
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Norwegian syntax 

rules 

[M først så tok 

guten ein is] [M og 

så fekk lillebroren 

store auge] [MW og 

så tok katten] 

[M first the boy took 

an ice] [M and then the 

little brother had big 

eyes] [MW and then 

the cat took] 

Three main clauses, 

two correct and one 

ungrammatical 

jente tre ball  jente tre ball No sentence structure 

with a verb, and 

therefore no mark up 

[MP ein gut står i 

mål.] eit tre [MWP 

ei jente er oppi tre.] 

[MP a boy is the 

goalkeeper.] a tree 

[MWP a girl is up in 

tree.] 

Fragments between 

clauses are not coded. 

Correct punctuation 

coded. 

ein jente {SQW 

som leika med ei 

fotball] [M ho 

sparka fotballen 

oppi eit tre] 

a girl {SQW that 

played with a (wrong 

concord) ball}] [M she 

kicked the ball in a 

tree] 

The subordinate 

clause is describing a 

noun-phrase, not a 

clause 

 

 

TRANSCRIPTION 5 

This transcription is a copy of transcription 4. All syntax markers are 

removed/changed to narrative markers. The majority of the markers are 

concurrent: most of the syntactical units correspond to a narrative unit 

on local level. Fragments before, between and after clauses are not 

marked up syntactically, but are given a narrative marker. In addition, 

narrative markers on global level are added. 

Three different measures of narrative structure are extracted: one on 

global level (story grammar) and two on more local level (basic and 

advanced narrative structures). 

Measure 7a: Story grammar 
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Operationalisation 

The measure story grammar builds on theory from Labov and Waletsky 

(1967) and Senje and Skjong (2005). Labov and Waletsky (1967) 

emphasise the complication and resolution in personal narratives. These 

correspond to the tasks given to the children where they are instructed to 

write about a problem displayed in a picture. Senje and Skjong (2005) is 

a text book for teacher students presenting didactics for analysis of 

student’s stories in a Norwegian context. A point here is that students 

normally learn to write stories with the traditional structure with 

introduction, main part and conclusion. 

A narrative is understood as a sequence of at least two events linked in 

time. The first event must have the potential to be something disruptive 

– to depict a shift in a normal state, and thus make the reader expect a 

resolution, something more happening telling what happens next, as a 

consequence of the first event. The first event must have the potential to 

make the story progress/add development to the story.  

Thus, the first example is not regarded a narrative, but the second is: 

1. The boy bought an ice cream. He went home. 

2. The boy lost an ice cream. He got a new one. 

Both examples have to events linked in time. However, only the second 

one has an element of something disruptive. Then, after this disruptive 

event, the situation is back to balance through a resolving event.  

A narrative could also be the linking of a state and an event: 

3. The boy was sad. Then he got an ice cream, and turned happy.  

Usually, the texts will also have an introduction/orientation, especially 

since these are written texts. Just as there is a change/contrast between 

the complication and the resolution there will be a 

change/contrast/disruption between the orientation and the complication. 
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Analytic procedure 

The typical structure of a narrative with the three stages orientation, 

complication and resolution is coded. There must be at least two stages 

to code a stage (orientation + complication / complication + resolution / 

orientation + complication + resolution). Each stage can only be coded 

once. If stages are coded, all of the text is put in stages. 

Texts with no stages are coded zero, while texts with two stages are 

coded one, and texts with all three stages are coded two. 

The stages are coded with the following tags: 

[O] = Narrative orientation 

- The orientation gives information about participants, places, 

activities and/or time.  

- For something to be an orientation at least one element from the 

orientation must follow in the complication (element is 

understood in a wide sense: metonymic relationships are 

accepted: children – boy, ice cream line – ice cream). 

- The orientation helps the reader to understand the rest of the 

text/gives background information to understand the 

complication of the story.  

- The orientation lasts until the complication is introduced. 

- A headline can function as the orientation (headline is coded 

within the orientation, as a phase) 

- The orientation must be positioned before the complication.  

- The orientation cannot be coded as the only stage. 

 

[C] = Narrative complication 

- The complication is a disruption (shift) in an expected course of 

events (the situation depicted in the orientation).  
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- If there is no orientation, the complication is something 

disruptive compared to a normal situation.  

- The complication makes the reader expect a resolution that 

answers what finally happened to the relevant participants that 

experienced the disruption. 

- The complication starts with the disruption and ends where the 

resolution starts. 

- The complication-stage cannot be coded as the only stage. 

 

[R]= Narrative resolution 

- The resolution answers the question what finally happened as a 

consequence of the complication.  

- The resolution must make the reader understand what happened 

to at least one of the main participants (persons, animals or 

objects) that experienced the complication. 

- The coding of the resolution-stage starts with the answer to the 

question what finally happened as a consequence of the 

complication. 

- The complication and the resolution must be logically ordered – 

the resolution can only come after the complication.  

- The resolution-stage cannot be coded as the only stage.  

 

[G] = Greeting to Elling (the teddy bear receiving the texts) or greeting 

from the student. This is on a level outside the story, like a frame for the 

story. The other stages can only be coded once for the stories, while G 

can be coded twice:  both before and after the story. 

Examples are provided together with the other narrative measures, see 

the next section. 
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Measure 7b and 7c: Basic and advanced narrative features 

Operationalisation 

Narrative structures on more local level are also coded. As a story usually 

is a chain of events linked in time (Labov & Waletsky, 1967), the basic 

story structure is the event. The measure of basic narrative features is 

number of events in each text. 

Martin and Rose (2008) present a way of analysing narratives through 

phases, that is, discourse units, like setting, description, action, effect, 

reaction, problem and solution. These phases are used to move sequences 

forward and engage the readers. Some of these phases are more advanced 

in the sense that they relate to other phases/parts of the text: comment 

from narrator, problem, solution, effect and reaction. The number of 

these phases are used as a measure of advanced narrative features. 

Analytic procedure 

Each clause is coded as a phase (this follows the syntax markup). 

Fragments positioned before, between and after clauses are also coded 

as one phase. Non-words are not coded as phases, but they can be part of 

phases if they are positioned in the middle of a clause.  

The phases are marked up with the following tags (more or less the 

categories of Martin & Rose, 2008, p. 82): 

{D} = Narrative phase: Description (provides content, gives the 

reader better understanding of the story, does not drive the 

plot/sequence of events forward, the verb used denotes a state) 

{E} = Narrative phase: Event (something that happens at a point 

in time, it has the potential to add to the sequence of events (a 

temporal sequence), the verb used denotes a process or an action 

like gutten ble lei seg  ‘the boy turned sad’) 
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{N} = Narrative phase: Comment from the narrator concerning 

the story (anything that is not a description or event, the narrator 

intrudes the sequence of activities to comment on events or 

participants, give explanations, evaluations, extra emphasis on an 

event etc.) 

{P} = Narrative phase: Problem (an undesired event or 

description/state) 

{S} = Narrative phase: Solution (corresponds to a problem/the 

consequences of a problem, and restores order) 

{F} = Narrative phase: Effect (a consequence of a preceding 

event or description: a material outcome, e.g. an event) 

{A} = Narrative phase: Reaction (attitude, feeling or thought of 

a participant, a consequence of a preceding event/description) 

{I} = Narrative formula (starting or ending formula, like snipp 

snapp snute ‘and that is the end of the story’, slutt ‘the end’. A 

formula will always be a description.) 

In cases where a subordinate clause is a complement in a phrase and not 

a clause, the phrase and the subordinate clause will be regarded one 

phase:  

syntax markup: a girl {SP who played with a football}  

narrative markup: {D a girl who played with a football} 

 

In cases where a subordinate clause splits a main clause, there will be 

two phases, and the tag for the main clause that is cut in two, is only put 

in at the start: {E and he {D who was guarding the goal} had to tell the 

parents} 

In some fragments, the content points to different phases, and these are 

separated: 
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mann banan ape lur = [D mann banan] [DF ape lur] ‘[D man banana] 

[DF monkey sly]’ 

 

A phase will have all the tags possible according to this hierarchy: 

D 

 

E N 

H    I     F     A     P      S       

 

H      F      A      P       S          

             S       S        

 

        S         S         

 

At the first level, all phases must be either D, E or N. In addition, a phase 

can have a tag from the next level (and again, phases on the same level 

are mutually exclusive). If a phase is E, it can also be P, F, A, S or H. F 

and A can on the third level be S. NB: S can be F or A (in addition to E) 

or only E.  

It can be several P-s in one text. When coding P, it is coded if the phase 

has P as its main function. Thus, the text: she fell from the tree she got 

hurt is coded as: {EP she fell from the tree} {EA she got hurt}. The last 

phase could also be looked upon as a problem, but here, the main 

function of the latter phase is to depict the consequence of the problem, 

and A is coded. However, in the following text there will be two 

problems: {EP the ball was kicked in the tree} {EF the girl climbed the 

tree} {EP the branch broke}. The branch breaking is not seen as an effect 

of the preceding problem, but as another problem. In some cases a phase 

can denote a clear consequence/effect, but at the same time introduce a 

new problem that is developed further, and then both F and P are coded: 

C [EP putseleg kom ein hai] R [EA guten blei han blei så redd] {EFP at 

han mista ballen} ‘C [EP suddenly a shark came] R [EA the boy turned 

so afraid] {EFP that he lost the ball}. 
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In some cases, it is hard to decide where a phase (problem/solution) starts 

and ends. The rule is to only denote a phase at the actual 

problem/solution etc, not the introduction to it: C [EP fugl bæsj på dame] 

R [EF hjem til hus] [EFS vaska håret sitt hår] ‘C [EP bird shit on lady] 

R {EF home to house} {EFS wash her hair}. In this case, going home is 

necessary to wash the hair, but the actual solution is the clause denoting 

the washing action. 

P usually will be E, but there are also cases where P is D, like: {DP ballen 

satt fast} ‘the ball was jammed’. 

The phases are coded within the overall structure orientation, 

complication, resolution. 

Different perspectives in the texts: Some texts are hard to code because 

it is possible to choose different perspectives sympathising with different 

characters, e.g. the man or the monkey, the boy or the cat. The rule is to 

be open for either perspective, but default will be the man/the boy, as we 

tend to identify with characters that are similar to ourselves. However, if 

the text is written in a way that emphasises the monkey/the cat, e.g. this 

character dominates the story, it might be the best solution to code after 

the animal´s perspective. Another consideration can be to choose the 

most advanced coding, e.g. as many different stages and phases as 

possible. 

 

Examples of coding of stages and phases 

Norwegian English Comments  

[O {D ein gut står i 

iskiosken} {D ein gut 

jente gut står i kø} {E 

så får den eine får isen 

med 6 kule}] [C {N 

men akkurat da så 

[O {E a boy stands in the 

ice kiosk} {E a boy girl 

boy stand in line} {E then 

one of them gets the ice 

with 6 ball}] [C {N but 

precisely then so 
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skjedde noko} {EP så 

da kulene datt ned frå 

isen}] [R {EA smilte 

katten}] 

 

something happened} {EP 

so when the balls fell down 

from the ice}] [R {EA the 

cat smiled}] 

[O {D det er haust} 

{E og ein jente og ein 

gut speler fotball}] [C 

{D og dei hadde det 

kjekt} {EP heilt til 

fotballen blei sparka 

opp i treet} {EP og 

greina knakk}.] 

[O {D it is autumn} {E and 

a girl and a boy play 

soccer}] [C {D and they 

had a good time} {EP until 

the ball was kicked up in 

the tree} {EP and the 

branch broke}.] 

The Es drive the 

main sequence 

of events 

forward. The Ds 

do not, on the 

contrary, they 

provide more 

information 

about the 

context 

{D eg ser iskule.} {D 

eg ser} {E iskulene 

fall} 

{D I see ice ball.} {D I 

see} {E the ice balls fell} 

D, not N 

[G hei!] {E ein gut et 

ein is} [G klem frå 

§§§§§§§§] 

 

[G hi!]  {E a boy eats an 

ice} [G hug from 

§§§§§§§§] 

 

 

[O {E guten et is}.] 

[C {EP guten mistar 

isen på golvet} {E 

dama {D som lagar 

isen} ho såg det}] 

[O {E the boy eats ice}.] 

[C {EP the boy drops the 

ice on the floor} {E the 

lady {D who makes the 

ice} she saw it}] 

A tag for a stage 

and a phase is 

only put once, 

even if the 

stage/phase is 

split into two – 

cf. the bold text. 

 

[C {EP guten mista 

isen}] [R {EFS mora 

hans kjøpte ein ny til 

han}] 

[C {EP the boy dropped 

his ice}] [R {EFS his 

mother bought him a new 

one}] 

Solution is F 

[C {EP guten mista 

isen sin}] [R {ES 

onkelen hans fra 

Amerika kom hjem} 

[C {EP the boy dropped 

his ice}] [R {ES his uncle 

from America came 

home} {EF the boy forgot 

S is not F or A 
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{EF gutten glemte 

isen} {DA og var 

glad}] 

about the ice} {DA and 

was happy}] 

{E mamma seier} {E 

ambulansen kjem} 

{E mummy says} {E the 

ambulance is coming} 

Subordinate 

clause with 

verbs like say, 

think, mean etc. 

{D han synest} {D 

isen ser god ut} 

{D he thinks} {D the ice 

looks good} 

Subordinate 

clause with 

verbs like say, 

think, mean etc. 

[D jenta klatra ikkje i 

treet] 

[D the girl did not climb 

the tree] 

When the main 

verb is negated, 

the phase is 

coded D 

[E jenta skulle klatre i 

treet] 

[E the girl will climb the 

tree] 

When the main 

verb is 

moderated by an 

auxiliary verb 

like skulle 

‘should, would’ 

etc. the phase is 

coded E even 

though we do 

not know for 

sure that the 

event happened 

[C {E hun står på en 

grein} {DP som 

knekker} {DP hun 

kan dette ned} {DP 

hun kan brekke fot 

handa}] [R {EFS den 

lille gutten henter 

pappa} {EFS som 

hjelper henne ned}] 

 

[C {E she stands on a 

branch} {DP that is about 

to break} {DP she can fall 

down} {DP she can break 

leg hand} [R {EFS the 

little boy fetches dad} 

{EFS that helps her 

down}] 

 

If the auxiliary 

verb kunne ‘can’ 

is used and 

several 

hypothetical 

alternatives are 

expressed, D is 

coded 
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