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Abstract: Start-of-school writing instruction traditionally entails students writing by hand, but
alternatively can involve keyboarding, with handwriting instruction delayed. We tested the hypothesis
that which approach most benefits a specific child is dependent, in part, on their literacy skills at school
entry. In an educational context in which minimal literacy instruction occurs prior to first grade, we
compared five first-grade classes in which students (N = 88) learned by hand with five classes in which
students (N = 89) learned to write by typing on digital tablets. Students completed tasks measuring
phoneme isolation, phoneme blending, grapheme-to-phoneme mapping, word reading, spelling and
vocabulary at school entry, and composed narrative texts at five timepoints spread across the school
year. The present study reports an additional analysis of data first reported in Spilling et al. (2023).
Bayesian statistical modelling established effects of start-of-school literacy on overall composition
performance, but not on students’ rate of learning. We found moderate to strong evidence against the
hypothesis that start-of-school literacy affected rate of learning differently depending on the modality
in which children were taught: Neither writing by pencil and paper nor writing by keyboard provides
specific benefits for first-grade students with lower — or higher — literacy skills learning to compose text.
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1. Introduction

School starters have different points of departure for learning to write. Exposure to formal
and informal literacy instruction prior to starting school varies substantially from child to child
resulting in substantial variation in learning (Whitehurst & Lonigan, 1998). In a group of first
graders some children will be able to identify many letters, map sounds and letters, and even
spell and decode words. In contrast, others will have limited phonological awareness and
knowledge of letters. Early literacy skills are related to writing performance and to learning to
write by hand (Kim et al., 2014; Torrance et al., 2021).

The writing modality used for initial writing instruction also varies. In most educational
systems children first learn to write using pencil and paper. However, some schools teach
writing with keyboard from the start of first grade (Genlott & Groélund, 2013). The backdrop is
the increasing digitisation of educational systems. Writing by keyboard has been included in
national curricula even in early grades in several educational contexts, for example in Nordic
and English-speaking countries (Gamlem et al., 2020; Malpique et al., 2023a; Poole &
Preciado, 2016). Furthermore, there has been a trend worldwide for schools to supply
students with personal digital devices for school work (Islam & Gronlund, 2016). In Norway,
there was a wave of providing students with personal digital devices starting in around 2018.
Within a few years a majority of schools provided students with digital tools, with 80% of
students in first to fourth grade having access to their own digital device, typically digital
tablet, in school (The Norwegian Directorate for Education and Training, 2022). Digital tablets
are still the most commonly used digital writing tool in these early grades in Norway.

Writing modality can affect writing performance and learning to write. However, findings
are inconsistent. A recent meta-analysis of students in kindergarten through Grade 6
(Malpique et al., 2023c) found positive effects of handwriting on composition quality and
mixed effects on letter production and word production, with younger students producing
more letters/words by hand and older students writing more by keyboard. Goldberg et al.’s
(2003) meta-analysis of students in kindergarten through Grade 12, on the other hand,
showed a positive effect of keyboarding on writing quality, with smaller effects for primary
students. The inconsistent findings of modality effects can be related to what writing skills are
targeted, and also how used participants are to the writing modalities.

1.1  Literacy skills

Learning written composition involves learning how to generate and structure ideas and then
to translate these ideas into handwriting or print (Berninger & Winn, 2006; Juel et al., 1986).
The underlying abilities to translate ideas into text are related to phonological awareness,
letter—sound knowledge, linguistic and lexical knowledge, and knowledge of print (Juel et al.,
1986; Whitehurst & Lonigan, 1998). The development of these skills starts long before the
formal literacy teaching in school, and many preschool children will have begun to make
attempts at writing, such as forming letters, writing their own name, and spelling simple words
either with invented spelling or conventional spelling (Albuquerque & Alves Martins, 2022;
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Puranik et al., 2011). The extent to which these literacy skills are developed in school starters,
will vary depending on home support for literacy skills and pre-school instruction and language
stimulation. Therefore, first-grade children will vary considerably in the literacy skill that they
bring with them to start of school and to the task of learning to compose text.

Several early literacy skills have been identified as predictors of first-grade children’s
writing performance when writing by pencil and paper. Both writing productivity and quality,
and — though scarcely explored — children’s rate of learning to write are related to literacy
skills. Correlational studies give evidence that the ability to read, both single-word decoding
and reading comprehension, is related to the number of words, sentences, and ideas
produced (Berninger et al., 2002; Kim et al., 2014) and to quality (Berninger et al., 2002; Kim
etal., 2013; Kim et al., 2014). There is also evidence that performance on single-word spelling-
to-dictation tasks has an effect on text quality (Jiménez & Hernandez-Cabrera, 2018; Juel et
al., 1986). Similarly, vocabulary and grammatical knowledge are related to quality (Kim et al.,
2013; Kim et al., 2014). The studies cited above sampled students writing by hand. Very few
studies have focussed on children writing digitally, but Malpique et al. (2023a) investigated
student-level effects on written composition fluency and quality in a sample of 544 second
graders composing by keyboard. They found that spelling-to-dictation predicted quality and
that word-reading ability predicted composition fluency and quality.

Longitudinal studies also show that there are relations between children’s spelling,
reading, and oral language skills and writing performance by hand at subsequent time-points.
Kent et al. (2014) found that a composite measure of spelling and reading and a composite
measure of vocabulary and grammatical knowledge in kindergarten predicted compositional
quality in first grade. Coker (2006) found that reading (identification of letters and words) and
receptive vocabulary measured at school start predicted writing quality in descriptive texts at
the end of first grade. Both Dunsmuir and Blatchford (2004) and Babayigit and Stainthorp
(2011) demonstrated that students’ vocabulary measured in first grade predicted the quality
of texts written in the second grade. Further, first-grade spelling ability has been found to
predict compositional coherence (Maki et al., 2001) and compositional spelling and word
length (Oddsdottir et al., 2021) in texts written by second graders.

One study, by Torrance et al. (2021), investigated how children’s literacy skills measured
at school start affect their subsequent rate of learning to compose narratives in Spanish
students (N = 179) writing by pencil and paper. Results showed that spelling ability, word
reading ability, and letter knowledge influenced how fast children learned to compose text.
Most students showed rapid initial learning, while students with poor spelling ability showed
slow initial improvement and then faster growth compared to peers in the subsequent period.
Word-reading ability was negatively correlated to growth in the first period, indicating that
poor readers initially showed more rapid growth, while letter knowledge was positively
correlated to learning rate both in the first and the last period. This study illustrates that in a
first-grade classroom how children respond to instruction is, in part, dependent on their initial
literacy skills. The authors point out that since writing is acquired through instruction, effects
of literacy skills on learning to write are likely to be specific to the instructional context.
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1.2 Modality

Another strand of research compares children’s writing performance when composing by
keyboard and with pencil and paper. Several studies (Berninger et al., 2009; Malpique et al.,
2023b; Read, 2007) have found positive effects of handwriting on quality and length compared
to keyboarding in second graders. However, in these studies children were more used to
handwriting.

When children receive equal instruction in both modalities, there is evidence that these
effects disappear. Spilling et al. (2022) found no modality effects in a sample of first graders
receiving instruction in both handwriting and keyboarding from the start of school on quality
and length.

There are also studies that have looked at modality effects on learning writing. For the
very youngest children, i.e. aged 4 to 6 years, some studies show that learning letters by pencil
and paper lead to better letter recognition compared to learning by keyboarding (Longcamp
et al., 2005; Mayer et al., 2020), while other studies find no modality effects (Duiser et al.,
2022; Kiefer et al., 2015). Some studies have sampled the youngest school children and
studied modality effects on text writing performance over time. In an early study Jones and
Pellegrini (1996) found that over a ten-week training period, first graders wrote narratives
with greater lexical density and grammatical and lexical cohesion when typing, with available
text-to-speech support, compared to when they wrote by hand. Genlott and Grénlund (2016)
found no differences in scores on national literacy tests in third grade between Swedish
students who from the start of school either were given traditional writing instruction or used
personal digital devices. Rogne and Rgnneberg et al. (2024) investigated the effect of the
degree of digitalisation on first graders’ writing and found that after the first year of schooling
students who were more experienced with digital writing, wrote longer and better-spelled
text when writing on a digital device, while students who had done more writing with pencil
and paper performed better on handwriting measures. None of these studies, however,
investigated performance tracked over time with students writing several texts in the modality
they use to learn writing.

1.3 Literacy skills may moderate writing modality effects

A question that remains unanswered is whether the effect of modality on writing might be
moderated by students’ literacy skills. To the best of our knowledge, only one study, Spilling
et al. (2022, also referred to in 1.2), has investigated whether children’s literacy skills
moderate the effect of writing modality on writing performance. This study found moderate
to strong evidence against this being the case. As far as we are aware, however, no study has
explored whether there is an interaction effect between modality and children’s initial (start-
of-school) literacy skills on children’s learning of text composition.

Regardless of writing modality, learning to compose text requires repeatedly writing text,
and in a particular writing situation, novice writers face a double challenge — producing text
and, at the same time, developing their writing skills (Rijlaarsdam & Couzijn, 2000). During
transcription, writing by pencil and paper and by keyboard differ in cognitive demands. When
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handwriting, the writer has to retrieve graphemes from memory and select the correct
allographs (van Galen, 1991). When typing, students have access to visual representations of
the letters. Thus, typing relies more on recognition of the target letter, and ability to
differentiate it from multiple competitors, and less on direct retrieval of the letter form and/or
associated motor programs. This may be less demanding at particular stages of writing
development.

Writing digitally can also provide support for spelling, via spell checking or text-to-speech
synthesis. Even if a child has good ideas, if they cannot spell the words, the ideas will never
make it to the page. With the support provided by digital tools children with low spelling skills
might be able to produce more text. Additionally, with more text produced the teacher might
give them more feedback from which they can learn even more. Studies indicate that teacher
feedback on primary-grade children’s texts focuses on low-level skills, like handwriting and
spelling (Fiskerstrand & Gamlem, 2024; Lucero et al.,, 2018; Lunsford & Lunsford, 2008;
Rgnneberg & Nilsen, 2022). Thus, if handwritten texts typically have more errors, one could
expect teachers to comment on handwriting and spelling more than when giving feedback to
digital texts, while for digital texts there is more scope for commenting on content, thus
supporting composition. Further, if students struggle more with spelling when writing by
hand, they might forget ideas they were going to write because they focus on correct spelling.
There is, however, mixed evidence that this is the case (Rgnneberg et al., 2022). If it is true
that disruption during writing can influence text quality and that children struggle more with
spelling when writing by hand, children with low literacy skills would benefit from learning to
write by keyboard on a digital device.

Moreover, the text-to-speech synthesis provided by digital devices, which typically is used
as spelling support for young writers, might function better for correcting spelling errors in
shorter and more regular words as the child has to interpret the feedback and identify the
errors. This means that children with a rich vocabulary might not benefit from digital support
the same way as children with low literacy skills in correcting spelling errors.

In contrast, children with well-developed literacy skills might benefit from writing by hand,
as letter knowledge is associated with more fluent handwriting (Fitjar et al., 2021). It remains
unclear whether the same is true for keyboarding. This means that children with high literacy
skills might be able to exploit these skills better when learning to compose text by hand.

1.4 The present study

In the present study we test the hypothesis that writing by hand or digitally when learning to
compose text, will benefit children differently depending on their literacy skill at school start.
We report additional analysis of data first reported in Spilling et al. (2023), who determined
the effects of modality on learning written composition in a sample of 181 Norwegian first
graders, where half of the group learned to write by pencil and paper and the other half
learned to write by keyboard on a digital tablet. Written composition was operationalised as
a series of text features capturing both transcription and ideation, and learning rates for these
features, i.e. rates of composition improvement over the first school year, were estimated.
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Results showed that the learning rates for text length, syntactic complexity, and narrative
sophistication were similar in both modalities. For transcription accuracy, on the other hand,
that is, spacing, spelling, and terminator accuracy, students writing by keyboard started at a
higher performance level, but experienced little or no improvement compared to students
writing by hand. That is, the main finding from Spilling et al. (2023) is a lack of modality effect
with the exception of spelling, spacing and terminator accuracy. However, individual
differences in literacy skills were not taken into account. In the present study we add data on
students’ literacy skills to determine if the learning rates in the two modalities found in Spilling
et al. (2023) can be observed regardless of the literacy skills that children bring to school. To
test our hypothesis, we first determine the effects of literacy skills on composition
performance and changes in composition performance through first grade. Then we
investigate whether these effects interact with modality on children’s learning of text
composition the first school year. If modality differentially affects children’s learning
depending on their literacy skills at school start, we will find different learning rates for
students with similar literacy skills learning writing in different modalities.

The statistical modelling was carried out using Bayesian methods. For the present study
this approach offers two advantages (cf. Kruschke, 2015; Lambert, 2018; Nicenboim &
Vasishth, 2016). Bayesian methods allow one not only to demonstrate evidence in favour of
the alternative hypothesis but also in favour of the null hypothesis (Dienes, 2014). Second,
frequentist mixed-effects models often fail to converge, particularly for complex models of
the form tested in the present study. Use of Bayesian methods permitted full flexibility in how
we modelled our data, without concerns over model convergence (Bates et al., 2015).

2. Methods

2.1  Design and participants

The present study is a natural experiment in which ten first-grade classes from ten state
schools in Norway were followed in the 2018-2019 academic year. Five of these classes were
selected from schools applying traditional handwriting instruction from first grade
(handwriting condition), and five of the classes were selected from schools using digital tablets
in the writing instruction, postponing handwriting instruction (digital condition). The choice of
basing the initial instruction on handwriting or digital tablets was anchored in policy at the
district level. All schools were located in (semi-)rural parts in the west of Norway. (Semi-)rural
areas in Norway are relatively socio-economically homogenous. National statistics indicated
similar levels in family income and adult educational attainment. The sampled schools were
state funded with equal or near-equal funding-per-pupil across schools and conditions. Class
size across conditions was closely pair-matched.

Students were tested for literacy skills in their second to fifth weeks of school. Their ability
to compose narratives was tested on five occasions, the first in November, and subsequently
at intervals of approximately seven weeks, with the last assessment occasion in June. In the
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handwriting condition children wrote all texts by pencil and paper, while in the digital
condition, students wrote all texts on keyboard on a digital tablet.

A total of 181 children (93 girls, 86 boys) participated in the study. At testing of literacy
skills, a few students were absent, giving a final sample of 177 students (88 in the handwriting
condition and 89 in the digital condition). Mean age at the time of testing of literacy skills
(September) was 6 years, 3 months (SD = 3.4 months).

A few texts were missing or could not be analysed (e.g. not containing any words) on each
of the five test occasions — ten, three, three, five, and seven texts, respectively.

2.2 Educational and instructional context

In Norway, children start school in August the year of their sixth birthday, and enrolment in
first grade marks the onset of formal literacy instruction. The majority of Norwegian children,
97% of all five-year-olds, attend kindergarten (The Norwegian Directorate for Education and
Training, 2019). No formal literacy instruction, for example, teaching of letters, is provided in
kindergarten. Norwegian children are taught both handwriting and writing by keyboard in
school. Schools are free to choose the order of handwriting and keyboarding instruction as
long as children are taught to write in both modalities by the end of second grade. Therefore,
both practices with and without digital devices co-exist in Norwegian first-grade classrooms,
yielding an opportunity to examine how different practices affect children’s learning to write.
Schools that were selected for the digital condition belonged to regions where the
educational authority required that schools would provide all students with personal digital
devices to be used in the initial instruction. Schools that were selected for the handwriting
condition were schools that taught children with traditional methods involving pencil and
paper, and that did not equip students with personal digital devices. All teachers answered a
questionnaire the first and second semester concerning their instructional practice. Teachers
in the handwriting condition reported that the writing instruction was based on pencil and
paper: Learning letters and writing words, sentences, and texts involved writing by hand, while
digital writing — in computer rooms or using shared sets of tablets/computers — only made up
a minor part of their writing instruction. Teachers in the digital condition reported that writing-
related activities typically occurred by digital tablet with little or no use of handwriting. The
digital schools used different writing applications, but all used applications that allowed for
text processing with text-to-speech synthesis. Teachers reported that they used default
settings for the text-to-speech, which means that while writing the text-to-speech
pronounced sounds, words, and sentences corresponding to what the students wrote. Also,
all the written text could be read on demand. Other writing support offered by the
applications, like spell-checker, was turned off during instruction and assessment tasks.

2.3 Literacy-ability measures

Students were tested individually by trained research assistants in a quiet room close to the
students’ classroom, and testing sessions lasted for approximately 20 minutes. The measures
were extracted from a battery of tests previously used for Norwegian first graders (Lundetrae
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etal., 2017; Solheim et al., 2017, 2018). The spelling test was completed with pencil and paper,
while a digital tablet was used for the rest of the literacy tests.

Grapheme-to-phoneme mapping

Twenty-four letters were presented one at a time in random order, and the children were
asked to give the associated letter sound (Sunde et al., 2019). One point was given for each
correctly sounded letter.

Phoneme isolation

The children were asked to identify the first sound of ten common Norwegian one- or two-
syllable words (Haaland et al.,, 2023; Solheim et al.,, 2018). Pictures of the words were
illustrated on the tablet screen, and the researcher named the objects, one at a time, and
asked the child to say the first sound of the word. Each correctly isolated phoneme was
awarded one point.

Phoneme blending

Children were instructed to blend a series of phonemes into a word (Solheim et al., 2018).
Four images were shown on the tablet. A pre-recorded voice named all the objects (e.g. lys
‘light’, by ‘city’, fly ‘airplane’, sky ‘cloud’). The pre-recorded voice then segmented one of the
words (e.g. /f/, /I/, /y/) and the child was asked to point to the corresponding picture. The test
consisted of eight test trials of increasing difficulty. Each correct answer gave one point.

Word reading

The students were asked to read aloud single words that appeared on the tablet screen
(Haaland et al., 2023; Solheim et al., 2018). There were ten words of one or two syllables with
regular spelling presented with increasing difficulty. Each correctly read word gave one point.

Spelling

The children were instructed to write single words from dictation with pencil on paper
(Haaland et al., 2023; Solheim et al., 2018). There were ten tasks of increasing difficulty, from
two-letter words to five-letter words. The researcher read a sentence and repeated the word
that the student should write. All words were common Norwegian words with regular spelling.
Words were scored as correct or incorrect.

Vocabulary

The ability to name objects was assessed through a short version of the Norwegian vocabulary
test (Stgrksen et al., 2013) previously used in research (Solheim et al., 2018). Pictures of 20
items were presented one at a time on the tablet screen, and the students were asked to
name the objects. Each correct answer was awarded one point.
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2.4  Written composition assessment

Before the first writing task, children were introduced to the narrative genre. To make the
writing motivating and authentic, children were introduced to a teddy bear, to whom they
sent their stories, and throughout the year the bear responded with letters and pictures of
him reading the stories. The writing tasks were researcher-designed, and each writing task
consisted of a colourful picture, showing humans and/or animals in situations where
something was about to happen (cf. Appendix A). Students were instructed to write a story
based on the picture. They were also provided with three words representing central objects
or actors in the picture (e.g. jente ‘girl’, tre ‘tree’, and ball ‘ball’). Tasks were counterbalanced
across test occasions, and task order was counterbalanced across conditions. Teachers
administered the writing based on detailed instructions from the researchers sent by mail and
e-mail prior to each test occasion. They were instructed to reserve one school lesson (45
minutes) for the writing to make sure that all students had enough time to complete their
composition. The 45-minute lesson included a short introduction to the task. Students
completing their composition earlier were given another task. Teachers were instructed to
motivate the students to do their best, but not to help them with spelling or generating
content for the stories.

Handwritten texts were transcribed into typescript. Students’ spelling, spacing, and
punctuation were kept, but reversed letters were corrected (except <b>/<d> and <p>/<qg>
substitutions, as we could not be sure these were reversals or spelling errors). In order to
transcribe space between words, the space had to be bigger than the space between letters
within the words. To transcribe space within a word (spacing error), there had to be enough
space to insert a character.

All texts were blinded for condition and time and coded for nine text features (cf. below).
These features reflect both lower-level skills like spelling and spacing, and higher-level skills
like syntactic complexity and narrative features. At this age we would expect a high correlation
between text length and higher-level features. Still, it would theoretically be possible to write
a long text without much syntactic complexity or any narrative features. The three narrative
measures were coded by the first author. In addition, 20% of the texts were double-coded by
the second and the third author who coded 10% each. The sample of double-coded texts
consisted of one text from each child, and task, time-point, and modality were equally
represented.

Text length

Text length was measured as the total number of words written. Letter strings that, given
context, represented two or more words were counted as separate words. Words that were
incorrectly separated by spaces, given context, were treated as single words. Words
containing spelling errors were included in the word count. Letter strings bounded by spaces
that could not be identified as words were not included in the count.
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Segmentation (spacing) accuracy

Spacing accuracy was operationalised as the number of correctly inserted spaces divided by
the sum of correct, additional, and missing spaces. Correct spaces refer to correctly inserted
spaces between words, additional spaces are incorrectly inserted spaces (within words), and
missing spaces refer to locations where a space is required but missing. Punctuation, without
spacing, was accepted as correct segmentation.

Sentence terminator accuracy

Terminator accuracy was operationalised as a count of correct terminators divided by the sum
of correct, additional, and missing terminators. Correct terminators refer to correctly used
sentence-terminating punctuation (full-stop, question mark, exclamation mark), additional
terminators are terminators used incorrectly (e.g. full stop in the middle of a sentence), and
missing terminators reflect locations where a sentence terminator was required but absent.

Spelling accuracy
Spelling accuracy was measured as the total number of correctly spelled words divided by the
number of words written. Spelling errors did not include spacing errors.

Vocabulary sophistication

The measure of vocabulary sophistication was based on estimated age-of-acquisition ratings
(e.g. Kuperman et al., 2012), but with a focus on written acquisition (Spilling et al., 2022). All
content words (nouns, verbs, and adjectives) from the students’ texts were extracted,
lemmatised, and rated for written-age-of-acquisition. The 845 lemmas to be rated were
divided into three online surveys and distributed to teachers and trainee teachers (N = 21, 16,
and 16). For each word, the respondents were asked to indicate the age at which they believed
the word would typically appear in children’s written texts, on a scale from 5 to 14 years. The
mean score across all the ratings for each word gave a written-age-of-acquisition score for
that word. Each student’s text then received a vocabulary-sophistication score based on the
mean score of all content words (types) in the text. Internal reliability among raters for the
three groups was .93 [.92, .94], .92 [.90, .93], and .94 [.92, .95], respectively (Cronbach’s alpha,
with 95% Cl).

Syntactic accuracy and complexity (syntax)

All texts received a syntax score where every syntactically correct main clause yielded 1 point,
every main clause with one or more syntactic errors gave 0.5 points, every syntactically correct
subordinate clause gave 2 points, and every subordinate clause with one or more syntactic
errors was credited 1.5 points. The syntax coding was done independently of the student’s
punctuation, and the main defining criterion for clauses was the presence of a verb.
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Basic narrative structures (event count)

Narratives relate to a series of events (Labov & Waletzky, 1967), and the number of events
was, therefore, used as a measure of basic narrative structures. All clauses denoting
something happening at a point in time were coded as events. The first author coded all texts,
while the second and third author doubled-coded 20% of the texts (10% each, in total 177
texts), with very good inter-rater reliability (intra-class correlation = 1, 95% Cl [.99, 1]).

Advanced narrative structures

The content in stories can be linked through more advanced features than time, for example,
thorough causal relations. Inspired by Martin and Rose (2008), these advanced narrative
structures were identified: problem, solution, reaction, effect, and comment from the
narrator. For every text, the number of each of the narrative structures was counted and then
summed as a measure of the ability to use advanced narrative features. Coding of this feature
was performed as the coding of event count, with very good inter-rater reliability (intra-class
correlation = .97, 95% Cl [.96, .98]).

Story grammar

A typical narrative is organised through several structural components centred around a
complicated action (Labov & Waletzky, 1967). As the texts to be analysed were written by
beginning writers, the most basic stages of story grammar — introduction, complication, and
resolution — comprised the measure of story grammar. Coding of this feature was performed
as the two other narrative measures with intra-class correlation = .95, 95% Cl [.94, .97].

3. Statistical Analysis

Bayesian multivariate mixed-effects models (Gelman et al., 2014; Lambert, 2018) were used
to determine whether the rate of change in composition performance depends on a
combination of literacy skills and the modality — handwriting or typing — in which students
were taught to write. The various outcome measures were therefore modelled jointly while
giving separate parameter estimates for each measure. Because observations were nested
within participants, and participants were nested within schools, all models with multiple time
points were fitted with random intercepts for schools and students nested within schools, and
with random by-school and by-student slope adjustments for the effect of time (intra-class
correlations are given in Appendix B). All count data — number of words written, syntactic
complexity, event count, and advanced narrative structures — were modelled as negative-
binomial distributions to handle overdispersion. Ordinal data, for example story grammar,
were modelled as cumulative distribution (Burkner & Vuorre, 2019), and a normal distribution
was used for the vocabulary sophistication measure. Modelling of the three accuracy
measures was done with binomial distributions. Models were fitted with weakly informative
priors for all effects. Weakly informative priors were specified to exclude implausible
parameter values given the expected distributions of the outcome measures, without
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incorporating substantive theoretical assumptions or evidence from previous studies
(Lambert, 2018).

Modelling used the probabilistic programming language Stan (Stan Developmental Team,
2022), accessed via the R brms package (Birkner, 2018). All models were run with 20,000
iterations on 3 chains with a warm-up of 10,000 iterations and no thinning. Model
convergence was confirmed by the Rubin—Gelman statistics (Gelman & Rubin, 1992) and by
visual inspection of the sampling paths of the Markov Monte Carlo chains. Model comparison
was quantified by estimation of predictive accuracy using leave-one-out cross validation
(Vehtari et al., 2017). The models’ predictive accuracy was compared using the difference in
their expected log-predictive densities (A(elpd)). This technique penalises the number of
parameters to prevent overfitting. Parameter estimates are reported with their associated
95% probability intervals (the interval that contains the true parameter value with a 95%
probability, cf. Sorensen et al., 2016).

Bayes factors (BF; e.g. Dienes, 2014; Wagenmakers et al., 2018) were calculated to
quantify the evidence for the null hypothesis over the alternative hypothesis (BFO1) and for
the alternative hypothesis against the null hypothesis (BF10). A BFO1 of 3, for example,
indicates that the null hypothesis is three times more likely than the alternative hypothesis
given the data. As a rule of thumb, a BF of 3 is interpreted as weak evidence, a BF of 5 as
moderate evidence, and a BF of 10 as strong evidence (e.g. Jeffreys, 1961; Lee &
Wagenmakers, 2014). BFs were calculated using the Savage—Dickey method (Dickey & Lientz,
1970).

4, Results

We first established the effects of literacy-skill measures on text composition at the first test
occasion to determine the simple effect of literacy skills ignoring any effects of subsequent
instruction. Findings from this analysis were then used to select measures to carry forward
into the main analysis. We wanted to focus on measures that on the first time point could be
predicted by literacy skills to build as informative models as possible when exploring effects
on learning. In the main analysis we explored the effects of literacy skills on learning rate, and
further whether these effects were moderated by the modality in which children were
instructed and tested. This was achieved through comparison of a series of nested models,
starting with an intercept-only model and then across seven further models adding effects of
time (test occasion from 1 to 5), literacy measures, and modality, and their two and three-way
interactions.

4.1  Effects of literacy skills on text composition at first test occasion

Observed means and correlations among the literacy measures are provided in Table 1. Grand
means for all text-composition measures, and their residual correlations can be found in Table
2. We estimated the effects of literacy skills on text composition at the first test occasion by
comparing an intercept-only model (with random school intercepts) and a model that included
all literacy predictors. The latter model showed a higher predictive performance (delpd = -
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92.0, SE = 2.7) indicating that, overall, there is a predictive relationship between literacy
measures and text composition. All literacy effects for all text-composition measures are
shown in Appendix C. We carried forward into the analysis of learning over time just those
literacy measures (grapheme—phoneme mapping and vocabulary) and text measures (text
length, spelling accuracy, syntax, event count, and advanced narrative structures) that showed
evidence for effects at the first test occasion.

When evaluating whether the two literacy predictors alone could predict text composition (the five
selected text measures) at the first test occasion, we compared a zero model to a model that included the

two literacy predictors. Adding literacy skills as predictors improved the model fit (delpd =-67, SE = 20).

Table 1. Literacy skills measures: means and bivariate correlations

Mean (SD) First sound Blending Spelling Vocabulary  Word
segmentation reading

First sound 6.2(3.6)

segmentation

Blending 3.6(2.6) .55

Spelling 2.2(3.1) .60 .57

Vocabulary 13 (3.7) .43 .40 48

Word reading 3.4 (3.4) .65 .58 .84 .49

Grapheme— 11 (6.8) 71 .58 .82 A7 .84
phoneme

mapping

4.2 Interaction effects of literacy skills and modality on learning composition

Based on the initial analysis we selected grapheme—phoneme mapping and vocabulary as the
literacy predictors and text length, spelling accuracy, syntax, event count and advanced
narrative structures as outcome measures for the main analysis. We built eight nested models
allowing for main effects and interaction effects of time, literacy and modality, and compared
models stepwise (listed in Table 3).

The complete model, Model 7, captures the hypothesis that we want to test, namely that
start-of-school literacy affects the rate of learning text composition differently depending on
the modality in which children are taught to write.

Results showed that the model that included time increased the predictive performance
compared to the zero model (Model 1 vs Model 0 in Table 3). Adding the literacy skills
improved the model fit (Model 2 vs. Model 1 in Table 3), and adding the interaction of time
and literacy skills further improved the model fit (Model 3 vs Model 2 in Table 3). Adding
modality as a main effect (Model 4 vs Model 3 in Table 3) gave better fit, but the difference in
predictive performance was very small. After controlling for two-way interactions (Model 5
and Model 6) we found that adding three-way time-by-literacy skill-by-modality interactions
(Model 7) did not improve model fit.



SPILLING ET AL. * THE INTERACTION BETWEEN MODALITY & LITERACY SKILLS | 312

Parameter estimates from the complete model (Model 7) can be found in Table 4. Figure 1
illustrates estimated development in text composition over time for literacy skills and writing
by hand and by keyboard. For visualisation we divided the literacy skill into three groups
(children with low, average and high abilities). Our main interest was to explore whether the
effect of modality on learning text composition (if any) is dependent on students’ literacy
skills. We found no evidence that different modalities affected students’ rate of learning
differently depending on their start-of-school literacy skills. Data showed evidence in favour
of no effect, with strong evidence in support of no effect for seven out of the ten possible
effects, and moderate or weak evidence in support of no effect for the other three possible
effects (Table 4).

Further, looking at the other effects from the complete model (Table 4 and Figure 1), we
found strong evidence in favour of a main effect of time on all text measures except for
spelling accuracy. This suggests that there was a tendency for children to improve across the
school year. Mean performance across the year tended to be greater for children who
performed better on the grapheme—phoneme-mapping task at the start of the year. This was
true for all text measures. Mean performance across the year also tended to be greater for
children scoring higher on the vocabulary task at school start for the measures syntax and text
length. Data did not, however, provide evidence that students’ literacy skills affected the rate
at which they learn to compose text across the year — Bayes factors showed moderate or
strong evidence in favour of no interaction effect between time and literacy skills for nine out
of ten possible effects, and inconclusive evidence for the last possible effect. We found that,
on average, digital texts were better spelled than handwritten texts. That is, there was a small
main effect of modality on spelling accuracy, with BF = 2.4 in favour of a non-zero effect.
Further, we found that for mean performance across the year children experienced no
(dis)advantage writing in either modality depending on their level of literacy skills: There was
moderate or strong evidence in favour of no effect for nine out of ten possible effects, and
inconclusive evidence for the interaction effect between modality and vocabulary on spelling
accuracy. Finally, modality did not affect students’ learning of text composition — Bayes factors
showed moderate to strong evidence against there being an effect. All the findings presented
in this section are consistent with our previous analysis of these data in Spilling et al. (2023).
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Table 2. Estimated grand means and residual correlation among the outcome measures at the first test occasion. 95% probability intervals in brackets.

Text composition Estimated mean Terminator accuracy Spacing accuracy Spelling accuracy Vocabulary soph. Story grammar No. of words Syntax Events
measure

Advanced 1.42[0.9, 2.28] -.02 [-.09, .06] -.09[-.17,-.02] -.24[-.31,-.16] .26 [.20, .32] .70 [.66, .73] .61[.57, .66] .59 [.55, .64] .70 [.66, .73]
structures

Events 1.61[1.02, 2.45] -.02 [-.10, .05] -.14 [-.22,-.06] -.19 [-.26, -.11] .27 [.20, .33] .61[.56, .65] .72 [.68, .75] .72 (.68, .75]

Syntax 2.11[1.44,2.97] .03 [-.06, .11] -.14[-.22,-.05] -19[-.27,-.11] .33[.26, .39] .51 [.45, .56] .90 [.89, .92]

No. of words 13.43 [9.97, 18.55] -.02 [-.11, .06] -.16 [-.24, -.07] -.20 [-.28, -.13] .35[.28, .41] .53 [.48, .58]

Story grammar 0.72[0.51, 0.99] .00 [-.07, .08] -.08 [-.15, -.00] -.16 [-.24, -.09] .17 [.10, .24]

Vocabulary soph. 6.86 [6.77, 6.95] -.03 [-.11, .04] -12[-.19, -.04] -.32[-.39, -.25]

Spelling accuracy 0.71[0.66, 0.77] .10[.02, .17] .28 [.21, .35]

Spacing accuracy 0.94 [0.89, 0.97] .07 [-.01, .14]

Terminator
Accuracy

0.09 [0.03, 0.25]
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Table 3. Model specifications and model comparison

Model Parameter added Comparison AJpTi (SE)
Model 0 [intercept-only]

Model 1 time Model 1 vs Model 0 -2.9 (5.8)
Model 2 literacy skills Model 2 vs Model 1 -1.2 (6.0)
Model 3 time : literacy skills Model 3 vs Model 2 -11.6 (7.7)
Model 4 modality Model 4 vs Model 3 -0.6 (2.6)
Model 5 literacy skills : modality Model 5 vs Model 4 3.8(3.5)
Model 6 time : modality Model 6 vs Model 5 3.3(2.6)
Model 7 time : literacy skills : modality Model 7 vs Model 6 1.9(4.4)

Note. All models were fitted with random intercepts for classrooms and students nested within
classrooms, and with random by-class and by-student slope adjustments for the effect of time. Negative
differences in the differences in estimated log-predictive density (Ae’lp\d) show an improvement of the
more complex model. Positive differences show that the more complex model did not improve model fit.
Differences are shown with standard errors (SE). Colons ‘.’ indicate interactions.
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Table 4. Parameter estimates (Est.) with 95% probability intervals (P1) from Model 7 with statistical support in favour of no effect (BF01) and in favour of an effect

(BF10) indicated by Bayes Factors (BF), where T marks moderate to strong evidence. Colons “.’ indicate interactions.

Advanced structures

Events

Syntax

No. of words

Spelling accuracy

Predictor

Time

Modality

Graph—phon map.
Vocabulary

Time : modality

Time : graph— phon
map.

Time : vocabulary
Modality : graph—phon
map.

Modality : vocabulary
Time : modality : graph—
phon map.

Time : modality :

vocabulary

Est. [95% PI]

0.28 [0.13, 0.41]
-0.09 [-0.48, 0.32]
0.17 [0.06, 0.27]
0.11 [0, 0.23]
0.08 [-0.11, 0.27]
-0.03 [-0.12, 0.05]

-0.04 [-0.13, 0.05]
0.08 [-0.07, 0.24]

-0.01[-0.18, 0.15]
-0.06 [-0.17, 0.06]

-0.02 [-0.15, 0.11]

BFO1
<0.1
5.2t

0.2

7.9%
18.71

17.4%
8.1t

13.61
11.1%

16t

BF10
13.7t
0.2
4.4
0.3
0.1
<0.1

<0.1
0.1

<0.1
<0.1

<0.1

Est., [95% PI]
0.27[0.15, 0.39]
-0.02 [-0.47, 0.42]
0.15[0.02, 0.27]
0.12 [0, 0.26]
0.09 [-0.08, 0.25]
-0.01[-0.08, 0.07]

-0.04 [-0.12, 0.05]
0.12 [-0.05, 0.3]

-0.06 [-0.24, 0.12]
-0.08 [-0.19, 0.02]

0[-0.12,0.12]

BFO1
<0.1
5.3%
1.2
29
6.91
28.1%

18.9t
5+

9.8t
6t

18.4t

BF10
53.4t
0.2
0.8
0.3
0.1
<0.1

<0.1
0.2

0.1
0.2

Est., [95% PI]
0.38[0.27,0.49]
0.15[-0.24, 0.53]
0.27[0.14, 0.4]
0.17 [0.03, 0.31]
-0.01[-0.15, 0.14]
0[-0.07,0.07]

-0.09 [-0.17, -0.01]
0.12 [-0.07, 0.3]

-0.04 [-0.24, 0.15]
-0.09 [-0.19, 0.01]

0.04 [-0.07, 0.15]

BFO1
<0.1
4.2
<0.1
0.8
17.1t
30.2t

2.2
5.3t

10.2t
4.6

14.4t

BF10
> 100t
0.2

> 100t
1.2
<0.1
<0.1

0.4
0.2

0.1
0.2

Est., [95% PI]
0.29[0.19, 0.39]
0.19 [-0.15, 0.54]
0.17 [0.06, 0.28]
0.13[0.02, 0.24]
0[-0.14, 0.14]
0.02 [-0.04, 0.08]

-0.05 [-0.11, 0.01]
0.11[-0.04, 0.26]

-0.07 [-0.22, 0.09]
-0.05 [-0.13, 0.03]

0.04 [-0.04, 0.13]

BFO1
<0.1
3.2
0.2
1.3
17.9t
30.81

10.3%
5.6t

9.8t
13.4%

16.3t

BF10
> 100t
0.3
6.1%
0.8
<0.1
<0.1

0.1
0.2

0.1
<01

Est., [95% PI]
0.1[-0.04, 0.24]
0.38[0.05,0.7]
0.16 [0.05, 0.27]
0.05 [-0.07, 0.16]
-0.1[-0.3,0.1]
0.04 [-0.02, 0.11]

0.06 [-0.01, 0.14]
-0.08 [-0.23, 0.07]

-0.17 [-0.33, -0.01]
0.08 [-0.01, 0.17]

-0.05 [-0.15, 0.06]

BFO1
4.8
0.4
0.3
13.7t
5.8t
13.9t

7.4%
8.5t

1.6
6.11

14.7t

BF10
0.2
24

<0.1

0.2

<0.1

0.1
0.1

0.6
0.2

<0.1
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Figure 1. Learning rate estimates with 95% probability intervals (Pls). Outcome measures are shown in
the row strips. Literacy skills are shown in the column strips.
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5. Discussion

In the present study we explored whether the effect of modality on the rate of learning written
composition is moderated by children’s literacy skills at the start of school. Is it the case, for
example, that learning to write by keyboard particularly benefits children with lower initial
literacy skills?

Results showed that grapheme—phoneme-mapping ability and vocabulary size had (weak)
effects on several text-composition measures both for performance at the first test occasion
and for average performance across the school year. Observing correlations between literacy
skills and composition performance is not unexpected given that such relationships have been
found in much of the literature cited in the introduction (e.g., Kim et al., 2014). However, we
found evidence that students’ literacy skills do not influence the rate at which their
composition skill developed across that year. This finding was somewhat surprising, as
learning the skills necessary for producing a written narrative is a highly demanding task. It
could, therefore, be the case that children who have come far in their development of literacy
skills would benefit from this when starting school — unless they already know what is taught.
For example, Torrance et al. (2021) found that spelling ability at school entry affected Spanish
first-grade students’ learning of written composition, where students with poor spelling ability
showed initially slower but then more steady growth than their peers. However, in Spain,
formal literacy instruction starts in kindergarten, and most students in the Torrance et al.
(2021) study could already write simple words by the start of school. In the present study, the
spelling ability of the participants probably resembled that of the minority of the Spanish
students, who not until the first months of school developed sufficient spelling ability to
produce multiple-sentence compositions.

Our main focus, however, was on whether modality and literacy-skill effect interacted
over time. Note that this is possibly the case even given the failure to find overall effects of
literacy skill on composition development. If, for example, a particular literacy skill acted to
accelerate learning in one modality, but decelerate learning in the other modality, then these
effects would cancel each other out, resulting in no overall effect of that literacy skill on
learning writing. However, we found moderate to strong evidence against there being an
interaction effect between modality and literacy skills on learning written composition. This
suggests that when first graders learn to compose text, children with lower — or higher —
literacy skills do not particularly benefit from learning to write by using pencil and paper or by
typing on a digital device.

We hypothesised that children with various levels of literacy skills would benefit
differently from the support provided by the digital tablet. For example, it could be that
children with low grapheme—phoneme-mapping ability would benefit from writing by
keyboard with visual letter representations as this might reduce cognitive demands. In
contrast to our expectations, we did not find that these children produced more or higher-
quality text when writing digitally. One explanation might be that for these novice children
searching for and choosing the right letter among many other distracting letters when writing
digitally may be both cognitively demanding and time consuming.
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Another possible scenario could be that children with lower literacy skills were particularly
aided in their spelling by the text-to-speech synthesis of the digital tablet, while children with
higher literacy skills would show better performance over time when writing by hand. We did,
however, not observe that children with different levels of literacy skills benefitted differently
from the text-to-speech synthesis for spelling more correctly. One possible reason could be
that although students had different levels of literacy skills, all were novice writers, and their
literacy skills were generally at a very low level. Therefore, it seems that the support in spelling
provided by the digital device was equally beneficial for all students.

We thought that particularly children who struggle with spelling would get more feedback
on content in their texts when they wrote digitally, because they would make fewer errors.
We do not have any knowledge of the exact feedback the children got, but we did not see
more improvement on any text measure for students with lower literacy skills in the digital
condition.

One reason for not finding a three-way interaction effect could be that our measures were
not ideal for capturing this interaction. However, we argue that this was not the case. First,
we found correlations between the predictors and composition performance. Second, the text
measures reflected improvement over time. A more plausible explanation could be that the
teacher differentiated the instruction well regardless of modality, resulting in similar rates of
learning for all students. We cannot rule out the possibility that modality might interact with
children’s literacy skills and have an effect on text composition once children start developing
more complex texts, or if students wrote under more demanding conditions, for example
writing to a time constraint.

5.1 Limitations on generalisability and future research

The results of the present study must be understood in light of the particular context in which
the study was conducted. Norwegian is a semi-shallow orthography, and children start school
without any prior formal writing instruction. In contexts where children start school with more
developed literacy skills findings might be different. Furthermore, our findings can only be
generalised to digital contexts that are similar to those described in this study. Digital tools
are in a state of flux, with Al being the major shift since this study was conducted (Anson &
Cole, 2026). However, to date, writing instruction in first grade is not much affected by Al.

The present study did not include measures of students’ motor skills. One argument for
postponing handwriting and learning to write by keyboard is that it relieves the burden of
learning to form letters at the same time as learning the cognitive processes involved in
writing, which can be especially advantageous for students with slow motor development
(Genlott & Gronlund, 2013). Future research could, therefore, investigate if students with
poor graphomotor skills would benefit from learning to write by typing.

Also, studies investigating the further course of children’s writing development when
writing in different modalities would be advisable. As children develop as writers, they will be
more proficient in transcription, and their writing will to a higher extent be constrained by
ideation skills and higher-order cognitive skills, for example, reasoning (Juel et al., 1986; Kim
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& Park, 2019). At the same time, children are expected to produce more sophisticated
compositions, and they will have to continue developing their writing skills, for example, their
skills in revising text on a substantial level. Future research could examine if — when students
have automatised their writing skills — there is any advantage of well-developed vocabulary
skills for students writing by keyboard.

5.2  Conclusion

Our study suggests that effects of writing modality (pencil and paper or keyboarding) on
students’ learning of written composition across first grade is not dependent on the literacy
skills with which they start the school year. For example, it is not the case that children starting
the year with poor letter knowledge particularly benefit from learning by keyboarding (or by
pencil and paper). It is possible that these findings do not generalise to all educational
contexts. Similar studies in other educational contexts are therefore necessary. This caveat
aside, our findings are not consistent with claims that keyboarding (or handwriting) scaffolds
learning to write for children with weaker general literacy ability by, for example, reducing
cognitive load. For teachers considering whether to move away from traditional pencil-and-
paper-based first-grade writing instruction towards increased use of keyboarding, our findings
suggest that this decision will neither benefit nor disadvantage children with weaker literacy
skills at this age.
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Appendix A: Writing tasks

Children were given a copy of this or a similar picture and were asked to write a story. In
addition to the picture, students were provided with three central words, e.g.: jente ‘girl’, ball
‘ball’, and tre ‘tree’. These words were placed below the picture.

Figure A2. Example of writing task
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Appendix B: Intra-class correlations (ICC) for children and schools by written
composition measure

Table B1. Intra-class correlations for children

Composition measure ICC children for all varying intercepts and their

random time slopes

Advanced structures 0.035
Advanced structures : time 0.009
Events 0.056
Events : time 0.009
Syntax 0.067
Syntax : time 0.009
Number of words 0.049
Number of words : time 0.008
Spelling accuracy 0.043

Table B2. Intra-class correlations for schools

Composition measure ICC for schools
Advanced structures 0.026
Events 0.033
Syntax 0.023
Number of words 0.019

Spelling accuracy 0.014




SPILLING ET AL. * THE INTERACTION BETWEEN MODALITY & LITERACY SKILLS | 326

Appendix C: Effects of all literacy skills on all text measures at the first test occasion

Table C1. Effects of all literacy skills on all text measures at the first test occasion, estimates and 95% PI

Advanced

Structures

Events

Syntax

No. of words

Spelling accuracy

Story grammar

Vocabulary soph.

Spacing accuracy

Terminator

accuracy

Graph—phon map.

First sound seg.
Blending

Word reading
Spelling
Vocabulary

0.13 [-0.18, 0.43]
0.07 [-0.15, 0.29]
0.06 [-0.12, 0.24]
0.1[-0.18, 0.37]
01[-0.24, 0.25]
0.21[0.03, 0.39]

0.18 [-0.12, 0.48]
0.2 [-0.01, 0.42]
0.05 [-0.13, 0.22]
0.09 [-0.18, 0.37]
-0.17 [-0.42, 0.07]
0.21[0.04, 0.39]

0.3 [0.03, 0.58]

0.17 [-0.04, 0.37]
0.06 [-0.11, 0.24]
0.09 [-0.17, 0.34]
-0.1[-0.34,0.13]
0.22 [0.05, 0.38]

0.17 [-0.03, 0.38]
0.09 [-0.05, 0.24]
-0.02 [-0.15, 0.1]
0.06 [-0.13, 0.26]
-0.04 [-0.23, 0.15]
0.13 [0.01, 0.24]

-0.24[-0.41, -0.07)
-0.23 [-0.36, -0.1]
0.01[-0.1, 0.12]
0.26 [0.1, 0.41]
0.15 [0, 0.29]
-0.11[-0.22, -0.01]

-0.04 [-0.73, 0.64]
0.38[-0.1, 0.87]
-0.05 [-0.44, 0.34]
0.53 [-0.11, 1.18]
0.24 [-0.35,0.83]
0.41[0.01, 0.82]

-0.04 [-0.17, 0.09]
0.11[0.02, 0.2]
0.05 [-0.02, 0.13]
0.1[-0.03, 0.23]
-0.12 [-0.24, 0]
0.05 [-0.02, 0.12]

0.37[0.13, 0.62]
-0.37[-0.55, -0.19]
-0.14 [-0.28, 0]
0.29 [0.08, 0.51]
-0.06 [-0.25, 0.14]
-0.19 [-0.34, -0.04]

0.19 [-0.28, 0.66]
-0.03 [-0.34, 0.27]
-0.32[-0.62, -0.03]
0.23 [-0.22, 0.68]
-0.27[-0.71, 0.16]
-0.15[-0.4,0.1]




