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Abstract

To ensure adequate writing support for children, a profound understanding of the
subskills of text quality is essential. Writing theories have already helped to better
understand the contribution of different subskills to text quality, but empirical work
is often limited to more general low-level transcription skills like handwriting flu-
ency and spelling. Skills that are particularly important for composing a functional
text, while theoretically seen as important, are only studied in isolation. This study
combines subskills at different hierarchical levels of composition. Executive func-
tions, handwriting fluency and spelling were modeled together with text-specific
skills (lexically diverse and appropriate word usage and cohesion), text length and
text quality in secondary school students’ narratives. The results showed that execu-
tive functions, spelling and handwriting fluency had indirect effects on text quality,
mediated by text-specific skills. Furthermore, the text-specific skills accounted for
most of the explained variance in text quality over and above text length. Thus,
it is clear from this study that, in addition to the frequently reported influence of
transcription skills, it is text-specific skills that are most relevant for text quality.
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Introduction

Composing competence (cf. Baer et al., 1995; Hennes et al., 2022) is an important
predictor of educational and professional success and represents a key competence
for social participation (Crossley & McNamara, 2016; Feenstra, 2021). It is a com-
plex construct that entails a broad set of skills to be used depending on the demands
of the writing task (Hayes, 2012). In both education and research, composing com-
petence is usually operationalized via text quality (Feenstra, 2021). High text qual-
ity is achieved when the writer pays attention to the addressee’s needs, generates,
selects and organizes ideas, is familiar with appropriate text patterns and creates a
coherent text that fulfils its intended function (Harsch et al., 2007; Hennes et al.,
2018). To produce a functional text, the writer must meet these different demands
in a way that is as goal-oriented as possible and meets the demands of the genre
(Beers & Nagy, 2009; Hayes, 2012). This is a challenging cognitive process that is
captured in theoretical writing process models (e.g. Hayes, 2012; Hayes & Flower,
1980). However, the particular subskills necessary for creating a functional text are
not further defined in these models (Hennes, 2020). Research on subskills focuses on
cognitive skills and transcription skills like handwriting fluency and spelling (Abbott
etal., 2010; Graham et al., 1997; Kent & Wanzek, 2016; Salas & Silvente, 2020), but
mastering these low-level transcription skills is not enough to write a functional text.
Therefore, higher-level subskills are also needed, with text-specific vocabulary and
cohesion discussed in the literature (Crossley & McNamara, 2016; Gomez Vera et al.,
2016; Mathiebe, 2019; McNamara et al., 2010). Despite their confirmed relevance
for text quality, the common influence of low- and higher-level subskills has so far
been disregarded. Based on this, we conducted the present study to examine the joint
influence and interactions of subskills on different hierarchical levels relevant to text
quality.

The Not-So-Simple View of Writing model

Models specifying the particular subskills needed to produce a functional text and
how they work together are rare. A prototypical model that considers the interac-
tion of different subskills is the Not-So-Simple View of Writing model (Berninger
& Winn, 2006). According to this model, text generation depends on the functioning
of two elements, namely transcription and executive functions (EF). Transcription is
composed of handwriting fluency (i.e., automatization of the motoric writing com-
ponent) and spelling. EF enable writers to stay on task and switch between mental
states (Drijbooms et al., 2015). Text generation itself contains “both idea generation
and translation of those ideas into language representations” (Berninger et al., 2002,
p- 292). Text generation, transcription and EF are supported by memory functions,
which include working memory as well as long-term memory. Memory (temporar-
ily) stores text representations, compares them to the previously produced text, and
updates the text (Olive, 2012). The model further assumes that in novice writers,
many of the limited cognitive resources of working memory and EF are taken up by
low-level transcription skills. At this stage in development, text quality is hampered
by non-automatized transcription skills. When these skills are automatized, writers
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can make use of the released cognitive resources for higher-level text generation
skills (Berninger & Winn, 2006).

Empirical data on the Not-So-Simple View of Writing model

Different aspects of the Not-So-Simple View of Writing model and their influence
on text quality have been empirically tested in numerous studies, where there is no
consensus on the operationalisation of these subskills (for a detailed overview of the
measurement of subskills, see the appendix; text quality is measured via holistic rat-
ings in all considered studies).

Transcription skills and text quality: In their meta-analysis, Kent and Wanzek
(2016) found positive correlations of handwriting fluency and spelling with text qual-
ity. Using structural equation modeling, Graham et al. (1997) found that handwriting
fluency could explain variance in text quality of narratives from Ist to 6th grade.
In their study, spelling had an indirect effect via handwriting fluency. A consistent
direct effect of spelling on written expression (measured by word fluency, sentence
combining and paragraph writing of narratives and expository) from 1Ist to 7th grade
was shown by Abbott et al. (2010) in their longitudinal structural equation model.
Handwriting fluency also contributed to written expression from 3rd to 4th grade.

Cognitive components and text quality: Berninger et al. (2010) showed that work-
ing memory accounted for variance in handwriting fluency, spelling and written
expression (cf. Abbott et al., 2010) in 2nd and 4th grade and in spelling in 6th grade.
Moreover, Connelly et al. (2012) found that working memory could explain 12%,
spelling 18% and handwriting fluency 3% of the variance in text quality in narratives
in 11-year-old students. These results were confirmed for 2nd graders by Cordeiro et
al. (2020), who found that working memory, EF and transcription skills made signifi-
cant contributions to explaining the variance in text quality in narratives.

Interactions: In some studies, interactions between the components of the Not-So-
Simple View of Writing model were also considered. Salas and Silvente (2020) found
a direct effect of inhibition (in 2nd, 4th and 8th grade) and of working memory (in
2nd grade) on text generation (number of words, words per clause) of opinion essays
and narratives. Furthermore, they found indirect effects of working memory and inhi-
bition via transcription skills on text generation (in 2nd, 4th and 8th grade), while
working memory also affected text generation indirectly via spelling (in 8th grade).
Moreover, they found indirect effects of inhibition on text generation via handwriting
fluency (in 4th and 8th grades) and via spelling (in 8th grade). Drijbooms et al. (2015)
included transcription, EF and written narratives (text length, syntactic complexity
and story content) in their model. They found that EF indirectly affected all written
narrative measures and were mainly mediated by handwriting fluency. Handwriting
fluency had a direct effect on all written narrative measures, while spelling influenced
syntactic complexity only.

Text-specific skills

In the Not-So-Simple View of Writing model, text-specific skills might be necessary
to accomplish tasks that lead to text generation. However, the term text generation is
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only vaguely defined within the model itself, and it remains unclear which subskills
fall under this concept. Accordingly, measurement of the construct appears somewhat
ambiguous (Kim & Graham, 2022). While Salas and Silvente (2020) measured text
generation with number of words and words per clause, Limpo and Alves (2013) used
text quality to measure text generation. Other studies used different oral language
skills (Kim & Graham, 2022; Oddsdottir et al., 2021), although oral language skills
and text generation skills cannot be considered equivalent (Arfé & Pizzocaro, 2016).
For this reason, it is necessary to define the text-specific skills that are required to
accomplish the text generation process in the Not-So-Simple View of Writing model.
Two main subskills are described in the literature, namely the usage of a diverse and
appropriate text-specific vocabulary and the ability to establish cohesion.

Text-specific vocabulary: Using a diverse and appropriate vocabulary is required
to formulate good texts of different genres (Steinhoff, 2009) and can be considered
differently: There is a distinction between written and oral vocabulary as well as
between context-independent vocabulary, which is determined by specific tests, and
context-dependent vocabulary, which can be determined in a text (e.g. Gomez Vera
et al., 2016; Kim & Graham, 2022). When writing functional texts, writers draw
especially on text-specific vocabulary, which is often captured through the measure
of lexical diversity in the text (for a detailed overview of the measurement of lexical
diversity in considered studies, see the appendix). Lexical diversity, which is defined
as the active vocabulary used in a given piece of writing (Koizumi & In’nami, 2012),
is a reliable predictor of text quality especially in narratives (Hiebert & Cervetti,
2011). For example, Gomez Vera and colleagues (2016) found that lexical diversity
was a significant predictor of text quality in narratives written by 4th graders. Cam-
eron et al. (1995) verified the role of lexical diversity for text quality in narratives
written by nine-year old students. Together with complexity of utterances and text
length, lexical diversity explained 16% of the variance in text quality. Moreover,
Olinghouse and Wilson (2013) revealed that 8.4% of the variance in text quality in
narratives could be explained by lexical diversity in grade 5. McNamara and col-
leagues (2010) found that text quality is also higher in argumentative essays written
by university students when they are more lexically diverse.

However, a quantitative measure of lexical diversity alone cannot indicate whether
these words are used correctly (Mathiebe, 2019).Thus, in addition to the use of a
broad text-specific vocabulary, the selection of appropriate words in the textual con-
text might also contribute to readers’ comprehension of texts. Therefore, an additional
measure is needed that assesses the appropriateness of word usage in the textual
context. The predictive role of this measure has not yet been sufficiently investi-
gated (Becker-Mrotzek et al., 2014). Initial results from German-speaking studies
show that students in higher grades use more appropriate words in the textual context
(Mathiebe, 2019).

Cohesion: Coherence structures and connects thoughts and ideas within a text,
making it comprehensible to the reader (Becker-Mrotzek et al., 2014). Cohesion is
the measurable part of coherence on the surface level of the text. By connections
through connectors, repetitions or references, internal grammatical and semantic
consistency is given to the text (Schwarz, 2001; Zifonun, 2008). The relevance of
cohesion to text quality has been confirmed in just a few studies so far and moreover,
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measuring cohesion in the text is difficult, which is why there are different ways to
measure cohesion (for a detailed overview of the measurement of cohesion in consid-
ered studies, see the appendix).

Cox et al. (1990) found significant correlations between text quality and the fre-
quency of appropriate cohesive ties in narratives by 3rd and 5th graders. Cameron et
al. (1995) also examined a factor consisting of several cohesion measures in narra-
tives. They found that the cohesion factor explained the largest proportion of variance
in text quality for nine-year-old students, with lexical diversity, complexity of utter-
ances and text length also considered in the model. MacArthur et al. (2019) modeled
the influence of text length, writing-specific skills (lexical and syntactic complexity),
referential cohesion and connectives on the text quality of argumentative essays by
university students. They found that text length, measures of writing-specific skills
and referential cohesion accounted for 48.7% of the variance in text quality, with
referential cohesion alone explaining 8% of the variance. These results support find-
ings by Crossley and McNamara (2010), that cohesive elements (as rated by experts)
in persuasive essays correlated positively with text quality. In addition, Crossley and
McNamara (2016) found that persuasive essays by students in which experts revised
the essays in order to increase cohesion were rated better than those where cohesion
was not increased.

Current study

The studies cited above show that both writers’ broad and appropriate usage of text-
specific vocabulary and their ability to establish cohesion can explain variance in text
quality. However, these subskills have received little attention in current theoreti-
cal writing models and are rarely considered together with transcription skills (Arfé
& Pizzocaro, 2016; Oddsdottir et al., 2021). Therefore, in this study we considered
a working model — which we termed the Cascaded Model of Writing (CASMOW,
Fig. 1) — including EF, low-level transcription skills, higher-level text-specific skills
and text quality.

In arranging these subskills, we referred on the hierarchical relations hypothesis
from the expanded Direct and Indirect Effects Model of Writing (DIEW) by Kim and
Graham (2022), which states that not all subskills are directly related to text quality
and that low-level transcription skills are related to text quality via higher-level sub-
skills. Specifically, DIEW assumes that transcription skills have an influence on writ-

_[ Executive functions ]—

v v

Transcription skills Text-specific skills
Handwriting fluency (Text-specific) vocabulary Text quality ]

Fig. 1 The Cascaded Model of Writing

@ Springer



J. Philippek et al.

ten composition among others via discourse oral language. Therefore, in CASMOW,
we hypothesized that the primary cascade goes from low-level transcription skills
via higher-level text-specific skills to text quality, because the usage of appropriate
and diverse text-specific vocabulary and the ability to produce local semantic and
grammatical cohesion predict text quality. If a writer fails to use words appropriately
or a text contains corresponding errors (e.g. false connections or the wrong tense),
it is hard for the reader to establish a correct representation of the text in their mind
(Erberich, 2022; Goblirsch, 2017). Of course, using appropriate words and cohesive
ties requires the ability to write down words fluently and orthographically correctly.
When spelling skills are insufficient, word omissions or incorrect words might be
used because children avoid using words they do not know how to spell (Berninger
et al., 2008).

In contrast to DIEW, however, CASMOW did not include oral vocabulary, but
rather context-dependent text-specific vocabulary. This adaptation was necessary
because although oral vocabulary clearly is a predictor of text quality, a broad and
appropriate text-specific vocabulary requires different knowledge, is more demand-
ing than an active vocabulary test and is therefore more suitable for Sth — 7th graders
(Mathiebe, 2019).

Like DIEW, we also incorporated EF in CASMOW as fundamental for all kinds
of skills necessary to write a functional text. Since the term EF covers a wide range
of cognitive skills, in this study, we focused on the three most commonly postulated
EF: shifting, inhibition and updating, because these three functions are well circum-
scribed and can therefore be operationalised quite precisely (Miyake et al., 2000).
These EF were also used in DIEW, but supplemented by attentional control. Inhibi-
tion affects handwriting fluency and spelling by, for example, inhibiting other letters,
motor movements or incorrect spelling patterns (Salas & Silvente, 2020); updating
influences spelling by keeping a phonological form active until an orthographic rule
is applied (Berninger & Richards, 2010) and shifting enables the writer to switch
between different writing tasks (Olive, 2012). Moreover, these lower-level EF form
the basis of higher-level EF such as planning, revising and monitoring (Berninger &
Richards, 2010).

In the literature, it is assumed that writing functional texts is a general compe-
tence that manifests itself independently of genre. However, to write texts of different
genres, the writer must have knowledge of concrete features of specific text types
(Kim & Graham, 2022). Therefore, the relative contributions of each subskill to text
quality may vary depending on the genre. In children’s everyday school life, writing
narratives is a common task and one of the most prominent genres in writing curri-
cula for early secondary education (Dockrell et al., 2015; MSB NRW, 2019). In this
study, the model is therefore tested with narratives.

Research questions
Based on these considerations, two research questions emerged:

1. To what extent can text quality in narratives be predicted by the Cascaded Model
of Writing?
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2. How do the subskills of the Cascaded Model of Writing interact with each other?

To answer the research questions, in a first step, we tested the model and all its direct
and indirect effects using structural equation modeling. In a second step, we added
text length to our model. Text length, although theoretically not an element of text
quality per se, is associated with text quality ratings, i.c. longer texts tend to be rated
better (Fleckenstein et al., 2020; MacArthur et al., 2019). Therefore, we wanted to
measure the effect of all predictors of CASMOW on text length and the effect of text
length on text quality.

Method

Participants

186 native German speakers between 9 and 14 years old (M(age)=11.75; SD=1.05;
89 girls) participated, with 57 fifth graders, 63 sixth graders and 66 seventh grad-
ers from three classes each. The study was conducted at two randomly chosen sec-
ondary schools at which the general qualification for university entrance could be
completed (academic-track school: 34.4%; comprehensive school': 65.6%). These
schools in middle-class urban regions in North Rhine-Westphalia were as homoge-
neous as possible in terms of socio-economic conditions. Controlling for students’
socio-economic status was not possible for data protection reasons.

The data was collected completely anonymously and could not be linked back to
individual students.

Measures

A good writing task should be free of subject-related knowledge, culturally neutral
and stimulating enough for students to write longer texts on it. It should also be
appropriate to the students’ level of writing development (Jost, 2022). These criteria
resulted in the writing task for secondary school students: “What if you could fly?
Think of a story about that and write it down”. The students had 15 min to write a
narrative based on the given phrase “If I could fly, ...”.

The children’s written compositions were used to determine text quality, text
length and the text-specific skills. In comparison to related models such as DIEW,
in which all subskills were measured with specific tests, in CASMOW text-specific
skills were measured in the text itself, which is in line with Cameron’s et al. (1995)
statement that it is relevant to consider the retrieval of these skills in the textual con-
text. Furthermore, it is also closest to what is required and happens in the classroom
(Mathiebe, 2019). On the contrary, transcription skills are more general writing skills
(Sturm, 2018) and thus should be measured independent of context with standard-
ized tests. The main advantage of this measure is that it is an empirically validated

! Comprehensive secondary school encompassing all possible tracks.
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assessment and ensures better comparability, since all children had to write down the
same items.

Executive functions

EF were assessed using the Star Counting Test (SCT; de Jong & Das-Smaal, 1990).
The test consists of six items with a pattern of stars with plus and minus signs
between them. The children were asked to count the stars, starting from a given num-
ber. Depending on the sign between the stars, they had to count forwards or back-
wards so that one ongoing process has to be inhibited and another activated. This
task imposes demands on the three basic EF of inhibition, updating and shifting.
One point was given for each correct answer with a maximum of six points possible.
Higher scores indicate better performance. The test’s reliability (Cronbach’s a=0.83
—0.88 depending on the test version) and convergent validity are satisfactory (de
Jong & Das-Smaal, 1990).

Handwriting fluency

The alphabet task from the Detailed Assessment of Speed of Handwriting (DASH;
Barnett et al., 2007) was conducted to assess handwriting fluency. Children were
asked to write the alphabet in lowercase letters as often and legibly as possible for
60 s. The number of correct letters corresponded to the final score, so that higher
scores indicate better handwriting fluency. A letter was scored as correct if it was
legible and in the correct alphabetical order. Substitutions, transpositions, additions
and omissions were considered errors. The interrater reliability (ICC=0.99) and the
convergent validity of this subtest of the DASH are satisfactory (Barnett et al., 2009).

Spelling

To assess children’s spelling ability, the standardised spelling test Hamburger Sch-
reibprobe [Hamburger Spelling Test] (HSP; May et al., 2018) was used. Words or
sentences requiring knowledge of alphabetic, orthographic and morphemic rules
were dictated to the children. The number of correctly spelled words was used as the
spelling score, so that higher scores indicate better spelling. The HSP has a reliability
of Cronbach’s a=0.94 at the word level and a satisfactory convergent validity (May
etal., 2018).

Cohesion

In this study, similar to McNamara et al. (2010), ratings were carried out by two raters
with expertise in linguistics. In this rating, various grammatical and semantic aspects
within the children’s texts that interrupted the reader’s process of understanding were
assessed. Three cohesion measures were identified and included in the model: Local
cohesion errors (lack of references or connection of elements that do not belong
together), sentence errors (incorrect syntax caused by missing words or incorrect
word order) and tense errors (inappropriate change between tenses). The interrater

@ Springer



The contributions of executive functions, transcription skills and...

reliability between the raters was calculated with Cohen's Kappa. This was k=0.87
(p<.001) for local cohesion errors, k=0.89 (p<.001) for sentence errors and k=0.92
(p<.001) for tense errors. In case of disagreement between the raters, the case was
discussed with two further experts until a consensus was reached. Since text length
is related to text quality, many linguistic indices also correlate with it. Therefore, the
measure of cohesion needs to control for this problem, which is why quotients were
formed (MacArthur et al., 2019): Local cohesion errors were divided by the num-
ber of propositions, sentence errors by the number of sentences, and tense errors by
the number of verbs. For simpler interpretation, scores were inverted so that higher
scores correspond to more cohesive texts.

Text-specific vocabulary

There are several indicators related to the characteristics and quantity of text-specific
vocabulary. Of particular relevance here is lexical diversity, which can be calculated
by the ratio of types to tokens in a text. It is an objective indicator of the amount of
vocabulary available to the author. There are various measures of lexical diversity,
such as the type-token ratio (TTR), which divides all the types in the text by all the
tokens, and the Guiraud index, which uses the square root of the number of tokens
as the denominator. However, text length always has an influence on these measures
(Koizumi & In’nami, 2012).

Therefore, in this study, the Measure of Textual Lexical Diversity (MTLD), which
is found to be least affected by text length (Koizumi & In’nami, 2012), was calcu-
lated. The MTLD represents “the mean length of sequential word strings in a text that
maintain a given TTR value” (McCarthy & Jarvis, 2010, p. 384). McCarthy and Jar-
vis (2010) showed that the TTR curves trend to reach a stabilization point at around
0.72. It is counted how many times the text reaches this TTR value starting at the
beginning of the text and continuing to the end of the text. Then, the mean word count
is calculated. To do so, the number of tokens is counted and divided by the number of
times the text reaches the specified TTR value. Once this first cycle is complete and
an initial MTLD score has been calculated, the entire text is analysed again in reverse
order. This re-analysis results in another MTLD score. The final MTLD score is the
value obtained by taking the mean of the forward and the reverse MTLD scores. This
measure correlates highly with other measures of lexical diversity and therefore has
satisfactory convergent validity. Moreover, MTLD is reliable, in that shorter sections
of a text have similar MTLD scores to those of the whole text and the MTLD scores
of these text sections do not correlate with text length (McCarthy, 2005; McCarthy
& Jarvis, 2010).

In this study, MTLD scores were calculated in RStudio (RStudioTeam, 2020).
Higher scores indicate greater lexical diversity (McCarthy & Jarvis, 2010).

Also relevant for the reader’s comprehension process is the writer’s selection
of appropriate words (Becker-Mrotzek et al., 2014). To measure appropriate word
usage, words in the text that did not fit the context were counted as word errors,
applying the same ratings used to determine cohesion. In this case, the interrater reli-
ability was k=0.88 (p<.001), disagreements were discussed again and a consensus
was reached. Since this measure is influenced by text length, the number of word
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errors was divided by the total number of words, resulting in the variable “appropri-
ate words”. Higher scores correspond to a more appropriate usage of words.

Text length
Text length was determined by the number of words written.
Text quality

To evaluate text quality, the texts were typed up and spelling mistakes were corrected.
The most frequently used method of measuring text quality are holistic ratings. How-
ever, even trained raters, such as teachers, seem to have difficulties giving holistic rat-
ings to texts (Hennes et al., 2022). Higher reliability and consistency can be achieved
by directly comparing texts, which is why the Comparative Judgement method was
chosen for the present study. In this method, texts are randomly paired off and raters
must decide which of the two texts is the better. The texts are then ranked on a scale
from worst to best (Lesterhuis et al., 2017). To achieve this ranking, a logit score per
text is determined using a logistic model. This score indicates the probability of win-
ning a comparison with a reference text and can be used as a text quality parameter
(Pollitt, 2012). Higher scores indicate better text quality.

The reliability of the estimated logit scores can be determined using the scale
separation reliability (analogous to Cronbach’s alpha) (Jones & Karadeniz, 2016).
In order to achieve a satisfactory reliability of 0.7, each text must be compared 10
to 14 times on average, while good values for convergent validity are achieved with
15 or more comparisons per text. With this number of comparisons, both experts and
naive raters can make reliable and valid assessments (Bouwer et al., 2023; Verhavert
etal., 2019).

In this study, comparative judgements were conducted using the online comparing
tool Comproved (www.comproved.com). 65 independent naive raters were asked to
complete 15 holistic, pairwise comparisons of the children’s texts, in which they had
to choose the better text in each case by mouse click. They received no specific train-
ing and performed the comparisons at their own pace. Thus, each text was judged at
least 79 times, resulting in a total of 961 comparisons. The scale separation reliability
yielded in a mean score of 0.73 and due to the high number of comparisons, the con-
ditions for satisfactory convergent validity were also given.

Procedure

Data collection took place in class on two days for 45 min each day. The first session
included the SCT (de Jong & Das-Smaal, 1990) and the writing task. In the second
session, the alphabet task (Barnett et al., 2007) and the HSP (May et al., 2018) were
conducted. The order of administration remained the same across all grades. All tasks
were carried out using paper and pencil, as this is the most common modality in the
German school system.
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Statistics

All effects described in CASMOW were transferred into a structural equation model
(model 1A). This included direct paths from all variables to text quality, direct paths
from EF to transcription and text-specific skills and direct paths from transcription
to text-specific skills. As we had no theoretical assumption about causal effects of
spelling and handwriting fluency, we did not specify a path from one to the other (but
estimated correlations). All corresponding indirect paths were also examined. The
model fit was evaluated by Chi*-test, the Root-Mean-Square Error of Approxima-
tion (RMSEA), the Comparative Fit Index (CFI) and the Bentler-Bonett Normed Fit
Index (NFI). After fitting model 1A, we omitted non-significant paths and reran the
analysis (model 1B). We then added text length to the model (model 2A), omitted
non-significant paths (model 2B) and variables with no significant paths (model 2C).

Results
Descriptive statistics

Children’s mean performance on the different tasks were evaluated and the vari-
ables were tested for normal distribution using the Kolmogorov-Smirnov Test. The
variables handwriting fluency and text quality were normally distributed (p>.05).
The non-normal distribution of the other variables was counteracted by using boot-
strapping in the structural equation model. Descriptive statistics for all variables are
shown in Table 1. The correlations presented in Table 2 show that all of the variables
except for correct tense were moderately correlated with text quality and text length
and partially correlated with each other.

Modeling the influence of subskills on text quality

When specifying all theoretically sensible effects, model 1A demonstrated good fit
to the data (Chi? (10)=12.62, p=.246, RMSEA=0.038, CFI=0.989, NFI=0.952).

Table 1 Descriptive statistics

Measures Mean Standard deviation Range
Executive functions 2.64 1.48 0-6 (6)*
Handwriting fluency 63.25 23.00 8-138
Spelling 36.94 8.24 1349 (49)*
Lexical diversity 58.17 23.30 15.85-153.00
Appropriate words 0.99 0.02 0.91-1.00
Local cohesion 0.89 0.12 0.38-1.00
Correct tense 0.89 0.13 0.46-1.00
Correct sentences 0.90 0.16 0.00-1.00
Text length 103.4 57.2 18-369
Text quality 0.06 1.34 —3.84-2.99

“Theoretical maximum
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Table 2 Correlations of variables

1 2 3 4 5 6 7 8 9
1. Executive
functions
2. Handwriting 0.27%%*
fluency
3. Spelling 0.34%*  0.4]1%*

4. Lexical diversity ~ 0.08 0.25%*  (.34%*
5. Appropriate words  0.15*%  0.01 0.07 0.18*
6. Local cohesion 0.09 0.00 0.17*  0.19*%* 0.06

7. Correct tense 0.01 -0.03 -0.05 -0.07 -0.01 0.02

8. Correct sentences  0.18*  0.04 0.33** .05 -0.01 0.03 —-0.06

9. Text length 0.29%* 0.47** 0.44** 0.48** 0.15*% 0.22%* —0.01 0.21**

10. Text quality 0.20%* 0.30%* 0.44** 0.53** 0.20** 0.28** 0.09 0.36*%* 0.60**

*p<.05; **p<.01

Lexical Diversity
Appropriate Words

Executive
Functions

“Fn,

Text
Quality

Fig. 2 Structural equation model of the Cascaded Model of Writing (1B). Standardized path coeffi-

cients of the interactions between executive functions, transcription skills, text-specific skills and text
quality. *p<.05; **p<.01

When omitting non-significant paths, the more parsimonious model (1B; Fig. 2)
appeared to fit equally well (Chi? (23)=27.17, p=.249, RMSEA=0.031, CF1=0.982,
NFI1=0.897; model comparison: A Chi? (13) 14.559, p=.336).

In this model, significant direct effects could be found from all text-specific skills
and from handwriting fluency to text quality. Moreover, there was an indirect effect
from handwriting fluency to text quality via lexical diversity (B = 0.06; p=.048);
thus, handwriting fluency had a total effect of B = 0.24 (p=.002) on text quality.
Spelling influenced text quality only indirectly via lexical diversity, local cohesion
and correct sentences (total effect: B = 0.26; p=.002), and EF influenced text qual-
ity indirectly as well, resulting in a total effect of B = 0.15 (p=.002). Additionally,
there was a significant correlation between handwriting fluency and spelling (r=.35;
p<.001). Overall, model 1B could explain 49.4% of the variance in text quality.

Comparing model 1B and model 2B (with variable text length and removal of
non-significant paths) revealed no significant difference (A Chi? (7) 13.24, p=.066),
and the more parsimonious model (2B) fit the data well (Chi? (30)=38.72, p=.132,
RMSEA=0.040, CF1=0.975, NFI=0.900). Because appropriate word usage had
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Handwriting
fluency

Lexical diversity

|| Text length I
Local cohesion ’

Correct tense

Executive Text
functions quality

Spelling

Fig. 3 Structural equation model of the Cascaded Model of Writing (2C). Standardized path coef-
ficients of the interactions between executive functions, transcription skills, text-specific skills, text
length and text quality. *p<.05; **p<.01

no significant effect of any kind in this model, the model was rerun omitting this
variable, which resulted in model 2C, depicted in Fig. 3 (Chi? (21)=23.58, p=.314,
RMSEA=0.026, CFI=0.992, NFI=0.937).

In this model, significant direct effects to text quality were again found from all
text-specific skills and additionally from text length. The direct path from handwrit-
ing fluency to text quality from model 1B was now mediated by text length. Fur-
thermore, lexical diversity, local cohesion and correct sentences showed both direct
effects on text quality and indirect effects via text length. In sum, model 2C could
explain 54% of the variance in text quality.

Discussion

In the present study, we examined the influence of subskills at different hierarchical
levels on text quality of narratives in Sth — 7th graders. We theorised causal pathways
for EF, low-level transcription skills and text-specific skills. Although CASMOW is
based on the Not-So-Simple View of Writing model, it goes beyond it by specifying
— at least for narratives — what subskills are needed for text generation (which is only
discussed as a more general entity within the Not-So-Simple View of Writing model).

In general, the two final models presented (1B and 2C) confirm our assumptions.

In model 1B, 49.4% of the variance and in model 2C 54% of the variance in sec-
ondary school students’ text quality could be explained by the components of CAS-
MOW. The models show that all considered subskills are relevant for text quality in
narratives and interact with each other.

When considering both hierarchical levels of writing skills, the findings are in line
with the assumption of a cascade from transcription skills via text-specific skills to
text quality. In particular, in model 1B, all text-specific skills have a direct influence
on text quality, which is consistent with previous studies that have confirmed the
relevance of these subskills for text quality (Cameron et al., 1995; Cox et al., 1990;
Goémez Vera et al., 2016; MacArthur et al., 2019; McNamara et al., 2010; Olinghouse
& Wilson, 2013), whereas the effects of spelling on text quality are mediated by text-
specific skills. These results are in line with the hierarchical relations hypothesis by
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Kim and Graham (2022), who showed that not all subskills are directly related to text
quality and that low-level subskills are related to text quality via higher-level sub-
skills, even though text generation is operationalized in terms of text-specific skills
in this study.

In model 1B, there is one exception that does not fit our assumption or the hierar-
chical relations hypothesis and is difficult to explain, namely the direct effect of hand-
writing fluency on text quality. One explanation of this result is that poor handwriting
fluency influences text quality over and above the text-specific skills considered in
this study. However, model 2C clearly shows that the text quality rating might be
influenced by text length (Fleckenstein et al., 2020; MacArthur et al., 2019), which is
in turn at least partially a function of handwriting fluency, was correct.

The change from a direct to an indirect effect of handwriting fluency on text qual-
ity does not show up in the text-specific skills when adding text length (model 2C).
Rather, the text-specific skills continue to have a direct effect on text quality indepen-
dently of each other. This means that text-specific skills — in contrast to handwriting
fluency — contribute to text quality beyond the effects of text length in this age group,
which is in line with other research examining students with automatized handwrit-
ing fluency, showing that higher-level skills could be more relevant at this stage of
development (MacArthur et al., 2019).

The largest direct effect and the highest correlation of text-specific skills can be
seen between lexical diversity and text quality. This confirms other recent studies
(e.g. Gémez Vera et al., 2016; Olinghouse & Wilson, 2013) and furthermore dem-
onstrates that lexical diversity is the strongest predictor of text quality compared to
other subskills when considered together.

Nevertheless, there are also indirect effects of some text-specific skills on text
quality via text length. Thus, it seems that children who write more lexically diverse
and cohesive texts — and thus are more proficient with language — are able to write
longer texts, which are then often rated better (Crossley et al., 2014).

In accordance with our hypothesis, following the cascade, spelling has an indirect
effect on text quality via lexical diversity, correct sentences and local cohesion. This
could be due to students’ avoidance of words they cannot spell, which could lead
to less lexically diverse texts, syntax errors (due to word omissions) and cohesion
errors (Berninger et al., 2008). Poor spelling thus seems to mainly inhibit text-spe-
cific skills. In contrast to spelling, the assumed cascade from handwriting fluency via
text-specific skills to text quality was not observed. This could be due to the fact that
in the present sample of secondary school students, handwriting fluency is automa-
tized and thus (no longer) has an inhibitory influence on text-specific skills.

In accordance with our assumptions, we found direct effects of EF on transcription
skills, which is in line with previous studies depicting the relevance of inhibition and
updating for handwriting fluency (Salas & Silvente, 2020) and spelling (Berninger &
Richards, 2010). Moreover, we found an indirect effect on text quality, which is also
in line with CASMOW and prior studies in which EF were assumed to be relevant for
text quality but to influence it only via transcription skills (Salas & Silvente, 2020).
Contrary to our hypothesis, we did not find a direct effect from EF to text-specific
skills. A possible explanation for this is that lower- and higher-level EF contribute
differentially to the various levels of subskills of CASMOW. Thus it might be that
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text-specific skills are more closely related to higher-level EF like planning, revising
and monitoring (Goldstein & McGoldrick, 2021; Kim & Graham, 2022), which were
not considered in the present assessment.

Limitations and future research

The interpretation of the current results is constrained by some limitations that may
point to possible directions for future research.

First of all, text quality and text-specific skills were measured in this study using
a single writing sample. However, a single writing sample might not provide a reli-
able estimate of students’ writing abilities (Graham et al., 2016). Therefore, it would
be more informative to assess multiple writing samples from all students in the same
genre.

Furthermore, the results relate only to narratives and might neither be easily trans-
ferred to other text genres or other prompts (Beers & Nagy, 2009), as different writing
tasks require different skills (Kim & Graham, 2022), nor to other age groups, as com-
posing competence develops until adolescence and subskills are relevant differently
at various stages of development. In future studies, CASMOW should also be tested
with respect to other genres and other age groups.

However, the most important aspect concerning future directions might be the
following: The paths described in the model explain a large proportion of the vari-
ance, but since a significant amount of variance in text quality remains unexplained
(46%), further subskills need to be included in the future CASMOW. We assume that
these subskills are on an even higher-level than the subskills we included and are
located in the model between the text-specific skills and text quality. According to
Kim and Graham (2022) and Hennes (2020), on this higher level the use of suitable
text patterns (text structure knowledge) and information management are necessary
to produce a functional text. Furthermore, the ability to adopt the reader’s perspec-
tive and to create global coherence represent further subskills on the highest level.
Moreover, as lower-level EF scaffold higher-level EF like the ability to plan, revise
or monitor the text while writing, these higher-level EF should be included in the
future CASMOW. These skills could be measured both by standardised EF tests or
writing-specific measures in the text (e.g. by measuring bursts) (Kim & Graham,
2022; Limpo & Alves, 2013).

Educational implications

The results of the current study are important for understanding the relationships
between the different subskills of text quality and can be used to draw implications
for writing instruction. In primary school, if addressed at all, composing instruction
for beginning writers mainly contains the automatization of transcription skills (Cor-
deiro et al., 2020; Graham et al., 2013; Salas & Silvente, 2020). As the study results
show that text-specific skills are most important for text quality, these should also be
trained as early as possible in combination with low-level transcription skills. Within
these interventions, explicit use of text-specific skills in the text should be practiced.
This should be initiated even before the transition to secondary school. With regard
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to EF, there is evidence that isolated training of individual EF does not transfer to
academic skills (Melby-Lervag & Hulme, 2013). Instead, studies show that it makes
more sense to provide students with strategies, such as guiding students to focus on
certain domains (e.g. spelling) at certain stages of revision, thus reducing the cogni-
tive load for the rest of the writing process (McNamara et al., 2010; Salas & Silvente,
2020). These strategies should be combined with the comprehensive intervention
programmes just described to scaffold the writing of functional texts.

Appendix

Overview of measurement in cited studies

Subskill Measurement
Handwriting « Standardized alphabet task (Abbott et al., 2010; Berninger et al., 2010; Connelly et
fluency al., 2012; Cordeiro et al., 2020; Graham et al., 1997; Salas & Silvente, 2020)

« Standardized sentence copying task (Berninger et al., 2010; Cordeiro et al., 2020;
Graham et al., 1997)
« Standardized paragraph copying task (Berninger et al., 2010; Drijbooms et al., 2015)
Spelling « Standardized dictation test (Abbott et al., 2010; Berninger et al., 2010; Connelly et
al., 2012; Drijbooms et al., 2015; Graham et al., 1997)
* Dictation task of (isolated) words (Cordeiro et al., 2020; Salas & Silvente, 2020)
Lexical * Corrected Type-Token Ratio in the text (Gémez Vera et al., 2016)
diversity * Type-Token Ratio in the text (Cameron et al., 1995)
» Measure of Textual Lexical Diversity in the text (McNamara et al., 2010; Oling-
house & Wilson, 2013)
Appropriate « Rating (Mathiebe, 2019)
words
Cohesion * Number of appropriate cohesive ties/ number of t-units in the text (Cameron et al.,
1995; Cox et al., 1990)
* Analysis of cohesion features in the text by a computer program (Coh-Metrix)
(MacArthur et al., 2019)
« Tool for automatic analysis of cohesion (Crossley & McNamara, 2016)
» Expert rating (Crossley & McNamara, 2010)
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