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Abstract
This study was motivated by Truscott’s (1996, 2004) scarcely empirically tested
claims that written corrective feedback (WCF) processing hinders fluency in subse-
quent rewriting owing to learners’ purposeful avoidance of making mistakes by
composing shorter texts at a higher speed. It examined the writing fluency of the
texts produced by eighteen 10-11-year-old L2 English children in a digital environ-
ment. They were divided into a feedback (N = 10) and a self-correction group (N =
8). Both groups engaged in a three-stage task: writing, comparison of their texts with
a model or self-editing as appropriate, and rewriting. Fluency was analyzed via five
product/offline and five process/online measures. The texts and writing behaviors
were recorded with Inputlog 8.0. The results partially support Truscott’s claims. The
feedback group improved their fluency in all the ten measures. However, the self-
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editing group showed higher fluency than the feedback group in seven of the ten
measures, with the corresponding Hedge’s effect sizes between groups ranging
from small to large. The study enlightens our knowledge of young learners’ writing
fluency and supports adopting a multidimensional approach to understand the
complex and multi-faceted nature of fluency as mediated by WCF processing.

Keywords: written corrective feedback; models; fluency; L2 writing; young learners

1. Introduction

In 1996, Truscott claimed that grammar correction was ineffective and harmful
since “students shorten and simplify their writing in order to avoid corrections” (p.
355). To support his controversial claim, he cited Semke’s (1984) study, in which flu-
ency was measured as the number of words written in a second language (L2) ten-
minute timed task. The texts written by the group who were provided with content
comments were significantly more fluent than those produced by the groups who
received indirect feedback, direct feedback, or direct feedback and content com-
ments. In 2004, Truscott criticized Chandler’s (2003) work, whose second study re-
vealed that students increased their speed fluency and improved their accuracy in
five identical essays after processing direct and indirect written corrective feedback
(WCF). Truscott claimed again that such results were due to students’ purposeful
avoidance of making mistakes. He also asserted that such avoidance resulted in sim-
plified texts written at a higher speed than complex ones.

Despite the abundant research on WCF (see Karim & Nassaji,  2020, for a
recent review), Truscott’s claims about the negative effect of WCF on fluency have
virtually gone overlooked (as noted by Ekanayaka & Ellis, 2020). Hence, further
investigation is justified due to the theoretical and applied relevance of broaden-
ing  our  understanding  of  the  role  of  WCF in  L2  writing.  Regarding  the  study  of
fluency in writing, over the last two decades there has been an interest in a pro-
cess-oriented approach to L2 writing research focused on the identification and
measurement of online, directly observable behaviors of L2 writers to infer the
underlying cognitive processes in writing – planning, translation or linguistic en-
coding, or revision (e.g., Révész et al., 2017). In this context, computer keystroke
logging programs such as Inputlog unobtrusively record learners’ number, length
and location of pauses, deleted and inserted characters, and mouse clicks. Yet,
the majority of previous digital L2 writing research has been conducted with
adults (but see Garcés-Manzanera, 2021, for a study with children).

The present study attempts to contribute empirically and pedagogically to
previous work by shedding light on the relationship between WCF and young L2
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learners’ fluency in digital writing. Fluency was considered within a multidimensional
approach (Van Waes & Leijten, 2015), that is, from both perspectives of the product
or final text and of the underlying composing processes. As the WCF technique, we
selected models, which have often been used with child participants in recent years
(Coyle et al., 2018; Lázaro-Ibarrola, 2021). Empirically, the evidence obtained about
young learners’ fluency in digital writing would aid to develop our understanding of
feedback processing by focusing on a population hitherto unexplored. Pedagogically,
such an understanding would help teachers’ decision making concerning the imple-
mentation of models as WCF when teaching young learners.

2. Literature review

2.1. Conceptualizing writing fluency: Product and process perspectives

There is theoretical and empirical consensus that complexity, accuracy, and flu-
ency (CAF) represent the fundamental dimensions of the constructs of L2 profi-
ciency and performance (Housen & Kuiken, 2009). In their classical review of
written CAF measures, Wolfe-Quintero et al. (1998) contributed three wide-
spread perspectives to the definition of writing fluency, namely: temporal,
speed-based, and cognitive. Regarding the temporal dimension, they stated that
fluency is “a measure of the sheer number of words or structural units a writer
is able to include in their writing within a particular period of time” (p. 14). The
same authors added speed as a key characteristic of fluency, which they defined
as “the rapid production of language” (p. 117). For Wolfe Quintero et al., fluency
is mostly related to the learners’ control in accessing their current language
knowledge. Thus, as a cognitive construct, fluency entails the “efficient access
to a rich linguistic knowledge base and the (equally efficient) retrieval of propo-
sitions for utterances” (Van Gelderen & Oostdam, 2002, p. 241) that are neces-
sary in the encoding of ideas that will be converted to linguistic forms.

The temporal and speed-based perspectives are helpful to describe flu-
ency in the final written product. However, they do not refer to the writing ac-
tions and processes that contribute to the generation of that final text. In this
respect, we will draw on Kellogg’s model of cognitive processes of L1 writing
(Kellogg, 1996), similar to most previous studies (e.g., Michel et al., 2020;
Mohsen, 2021; Révész et al., 2017). Kellogg expanded Hayes and Flower’s (1980)
classical three-process model of: 1) planning ideas, 2) translation of such ideas
into written sentences (through grammatical, phonological, and orthographic
processing) and 3) the monitoring of ideas and of previously produced text. Kel-
logg subdivided monitoring into reading and editing and added two motor pro-
cesses: programming and execution. Similar to Hayes and Flower, he conceived
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the overall process of writing as the sum of recursive and interactive operations
of planning, sentence generation, and idea and text monitoring. Kellogg’s model
also specified the demands of the writing processes on the three components
of working memory distinguished by Baddeley (1986): the central executive,
phonological loop, and visuo-spatial sketchpad.

In Kellogg’s (1996) model, fluency in writing is affected in different ways
(regardless of the time available for the writing task), all of which are mediated
by the limited resources of working memory. For example, concerning inexperi-
enced L2 writers, whose profile corresponds to that of the participants in this
study, lack of language proficiency is a crucial factor (Abdel Latif, 2009; Pal-
viainen et al., 2012). Since they have not sufficiently proceduralized their lan-
guage knowledge, their attentional resources will tend to focus on local narrow
problems (spelling, grammar, etc.) at the expense of higher-level text features
(discourse, cohesion, coherence, etc.), speed of production (fluency), and other
writing processes such as revision and planning (Schoonen et al., 2009).

2.2. Analyzing writing fluency: Product and process measures

The consideration of fluency as one dimension of the CAF tripartite framework
has resulted in writing fluency measures focused on the final outcome or prod-
uct. For instance, Kellogg’s (1990) pioneering study analyzed fluency by using
the total number of words in timed writing, total number of words per minute
in composing/execution time (without initial planning time), and total number
of words in total writing time (composing/execution time plus initial planning
time). In contrast, Wolfe-Quintero et al. (1998) concluded that the most reliable
written CAF measures were based on the length of production units: T-unit
length, error-free T-unit length, and clause length.

However, relying on all these static, offline, text-based product measures to
portray fluency has been criticized given that they do not consider the “real-time,
on-line production processes” (Stevenson, 2005, p. 135) that allow writers to de-
vise a text more fluently (Chenoweth & Hayes, 2001). Thus, a multidimensional
approach to studying L2 writing fluency, considering both product and process
measures, is preferable (Van Waes & Leijten, 2015). For example, Chenoweth and
Hayes (2001) operationalized fluency in the traditional way, that is, as words per
minute. They also included pause and revision bursts, which respectively measure
the number of words occurring between pauses and revisions.

Previous research (Chenoweth & Hayes, 2001; Mohsen, 2021; Palviainen
et al., 2012; Van Waes & Leijten, 2015, etc.) has characterized fluent writing from
process and product perspectives. L1 and L2 fluent writers engage in fewer
pauses at linguistic boundaries (words and clauses) and their pausing time is
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more reduced. Fluent writers also make use of fewer large revisions focused on
low-order processes (such as lexical selection, grammar or spelling choices), but
they deal with more extensive revisions for discourse-based elements. Finally,
fluent writers also display a higher production rate.

In L2 digital writing, fluency has been examined primarily with adults and
in relation to text quality and task-related factors. Task complexity operationalized
as the provision versus no provision of content (ideas) did not involve any signifi-
cant effects on fluency (Révész et al.,  2017),  with mixed findings in the case of
directing learners to include content from source materials (integrated tasks) or
making them use their own resources (independent tasks; e.g., Barkaoui, 2019;
Michel et al., 2020). Different indices of fluency have been found to be predictors
of text quality (burst and fluency during burst in Spelman Miller et al., 2008; char-
acters per P-burst and P-burst processing time in Mohsen, 2021, etc.). Also, the
effects of two planning techniques (i.e., note-taking versus freewriting) on L1 Ger-
man and L2 English writing fluency were examined in Breuer’s (2019) small-scale
study. The descriptive tendencies showed that freewriting enhanced the efficacy
of writing fluency for both languages.

2.3. Models as WCF: Theoretical and empirical support

Models are native or native-like texts adapted to the learners’ age and profi-
ciency level (Coyle et al., 2018). The cognitive rationale for using models as a
feedback strategy is linked to Schmidt’s noticing hypothesis (2001) and Swain’s
output hypothesis (1995). When learners produce oral or written output in the
target language, they can notice gaps in their interlanguages (a requisite for L2
learning, according to the noticing hypothesis). This noticing acts a “primer”
which prepares them to optimize their subsequent use of models. By comparing
the model with their  own compositions,  L2 writers might engage in a deeper
cognitive comparison of the vocabulary, grammar, spelling, discursive and con-
tent features of both texts than that resulting from reading highlighted and/or
errors corrected by their teachers (Coyle & Roca de Larios, 2020).

Past research with models has examined adults (Hanaoka, 2007), adoles-
cents (García-Mayo & Labandibar, 2017; Kang, 2020; Martínez-Esteban & Roca
de Larios, 2010), and children (Cánovas Guirao, 2018; Cánovas Guirao et al.,
2015; Coyle et al., 2018; Lázaro-Ibarrola, 2021; Luquin & García-Mayo, 2021;
Roothooft et al., 2022). Models have been implemented in a three-stage writing
sequence: 1) a writing stage where participants are also pushed to notice the
linguistic features they cannot express or have difficulties with (problematic fea-
tures noticed); 2) a comparison stage of their own texts with a model text; and
3) a rewriting stage where participants try to include the features noticed in the
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previous stage into their own texts. A general finding from the previous body of
work is that participants tend to focus on lexical and content items. They also
manage to incorporate a reasonable number of features noticed into their final
drafts, which become more accurate and cohesive than their initial ones and
those of the learners who self-edited their own texts without the aid of models.

Several reasons account for selecting models to examine the effects of
WCF on fluency in this study. First, as previously seen, recent WCF works using
this technique have often focused on children, the same age group as that of
our participants. Second, as shown in the aforementioned results of past re-
search, models have emerged as a promising, student-centered and discourse-
based alternative to traditional, teacher-guided options focused on isolated er-
rors such as direct and indirect WCF (Lázaro-Ibarrola, 2021). Third, from a ped-
agogical angle, offering a single model text to a whole class is considerably more
manageable to handle by a teacher than the time-consuming process of offering
individual direct or indirect WCF to each student (Coyle & Roca de Larios, 2020).
Fourth, from a cognitive perspective, using models to test their effects on flu-
ency could be justified by parallelism with Skehan’s (2009) application of Levelt’s
(1989) model of L1 speech production to L2 CAF oral performance. As stated
above, contrary to direct and indirect WCF, models offer a large array of lexical-,
mechanics-, syntactic- and discursive-related alternatives to their own original
choices in the initial texts that students are pushed to notice in the comparison
or WCF processing phase, and which, ideally, they should incorporate as much
as possible in their rewritten texts. The effects of processing models could argu-
ably resemble those established by Skehan for a planning stage. Basically, it is
expected that the priming of the lexical features in the comparison phase would
ease the pressure exercised on Kellogg’s (1996) translation process, or Levelt’s
(1989) formulator stage for speaking in the rewriting session. Like a planning
stage in oral language, such priming would likely allow the lexical forms to be
more easily and effectively retrieved from long-term memory to working
memory in the rewriting phase. Hence, Kellogg’s execution process (or Levelt’s
articulator stage) would seem to benefit too. Thus, processing models would
tend to enhance or, at least, not harm learners’ fluency, which renders them a
potentially suitable WCF technique to be applied in the current study.

2.4. The relationship between WCF and writing fluency: Empirical evidence

Several studies have investigated the effects of WCF on learners’ fluency, viewed
from a product perspective in hand-written texts. Only two studies explicitly al-
luded to Truscott’s (1996, 2004) claims (Chandler, 2003, and Ekanayaka & Ellis,
2020). Young learners were examined in Cánovas Guirao (2018), Lázaro-Ibarrola
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(2021) and Roothooft et al. (2022). Chandler (2003), Ekanayaka and Ellis (2020)
and Kim et al. (2022) studied university students, while Martínez-Esteban and
Roca de Larios (2010) investigated secondary-school students, and Sánchez (2019)
examined both university and secondary-school students. Individual and collabo-
rative writing were studied in Lázaro-Ibarrola (2021) as well as Martínez-Esteban
and Roca de Larios (2010), while collaborative writing alone was analyzed in Cáno-
vas Guirao (2018) and Kim et al. (2022). The remaining studies focused on individ-
ual writing. Chandler’s (2003) first reported study resorted to indirect WCF, Eka-
nayaka and Ellis (2020) used direct, semi-focused WCF, synchronous indirect WCF
was selected by Kim et al. (2022), while Chandler’s (2003) second study and
Sánchez (2019) drew upon both direct and indirect WCF. Cánovas Guirao (2018),
Lázaro-Ibarrola (2021) and Martínez-Esteban and Roca de Larios (2010) used
models, which were also employed by Roothooft et al. (2022) together with direct
WCF. Crucial methodological issues in these studies are worth mentioning:

1. Only four works included control or comparison groups (study 1 in Chan-
dler, 2003; Ekanayaka & Ellis, 2020; Kim et al., 2022; Sánchez, 2019).

2. The sample sizes were generally small, ranging from five individual writers
and six pairs in Martínez-Esteban and Roca de Larios (2010) to Ekanayaka
and Ellis’ (2020) thirty participants in one WCF group and thirty-one writ-
ers in both the control and the second WCF groups. Six studies reported
inferential statistics (Chandler, 2003; Ekanayaka & Ellis, 2020; Kim et al.,
2022; Lázaro-Ibarrola, 2021; Roothooft et al., 2022; Sánchez, 2019), whose
results may not be stable due to the small samples that were used.

3. Importantly, the measurement of the fluency of the final text greatly dif-
fered: a) frequency counts, either the raw number of words in untimed
collaborative writing (Cánovas Guirao, 2018), or in timed writing such as
total number of words in ten minutes (Ekanayaka & Ellis, 2020), or in
twenty minutes (Roothooft et al., 2022); also, the number of T-units in
25 minutes (Kim et al., 2022) and total number of words, the proportion
of T-units and number of clauses per text in 30 and 20 minutes respec-
tively for the collaborative and the individual groups (Lázaro-Ibarrola,
2021); b) temporal ratios such as words and syllables per minute in un-
timed writing (Sánchez, 2019); c) a speed perspective with minutes per
100 words (Chandler, 2003); and d) description of mean writing minutes
and of words written (Martínez-Esteban & Roca de Larios, 2010).

A complex and inconclusive picture of the effects of WCF on fluency from a
product perspective emerges from previous studies, which generally seem to sup-
port Truscott’s (1996) claim for word count regardless of the type of feedback.
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Kim et al.’s (2022) results pointed to a negative effect of synchronous indirect WCF
on the number of T-units. Conversely, in terms of descriptive statistics, Eka-
nayaka and Ellis (2020) reported that the two WCF groups (with and without
revision) and the control group augmented their fluency from the first to the
second task. A detrimental effect of models was found for text length in Lázaro-
Ibarrola’s (2021) individually rewritten texts as opposed to the collaborative
ones, although without statistically significant differences within groups. The
same pattern emerged in the proportion of T-units and number of clauses per
text. However, Roothooft et al.’s (2022) individually written texts in the model
group slightly increased their word count as opposed to the direct WCF texts,
without any significant differences between groups. Contrary to Lázaro-Ibar-
rola’s (2021) results for collaborative writing, the non-model instruction group
in Cánovas Guirao (2018) slightly decreased the length of their rewritten texts.

A mixed pattern appears in those studies which examined fluency with the
remaining measures previously mentioned in point 3 above. After processing mod-
els, Martínez-Esteban and Roca de Larios’ (2010) participants displayed higher flu-
ency numbers in their rewritten texts, especially in collaborative writing. Sánchez’s
(2019) both proficiency level students who did not either receive any direct or in-
direct WCF or self-corrected their texts and the low-proficiency students in the
self-correction group significantly improved their fluency. However, Chandler (2003)
reported that all the groups in her two studies significantly increased their fluency
from their first to their fifth assignments.

3. The study

3.1. Research questions

The diversity of the previous findings together with the aforementioned methodo-
logical differences in the limited number of available studies makes it difficult to
reach firm conclusions about potential effects of WCF on fluency. Likewise, there are
no previous studies which have jointly examined whether Truscott’s claims of a neg-
ative effect of direct and indirect WCF on fluency regarded as text length (Truscott,
1996) and of increased speed fluency in writing after processing the same WCF types
(Truscott, 2004) are complied with or not when the WCF technique applied is models.
Finally, to the best of our knowledge, no past studies within a computer-mediated
environment have examined L2 children’s composing processes in general and flu-
ency in particular. Therefore, further research on the role of WCF in young learners’
writing fluency is justified and it is also warranted to look at these effects from prod-
uct and process perspectives. In an attempt to fill the gaps in previous research on
the effects of WCF on fluency, our study was guided by two research questions:
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1) To what extent does WCF in the form of a model text affect L2 English
children’s writing fluency as measured by product indices?

2) To what extent does WCF in the form of a model text affect L2 English
children’s writing fluency as measured by process indices?

3.2. Method

3.2.1. Participants and context

The participants were 18 children who belonged to an intact 5th grade class in
Spanish primary education. They were aged 10 to 11 (M = 10.10; SD = 0.31). They
were attending a Spanish semi-private school where they received 3 weekly hours
in the EFL subject. The teacher rated their proficiency level as not higher than the
A1 level following the Council of Europe (2001). Ten children were randomly as-
signed to the feedback group, and 8 of them to the self-editing group. As verified
by the interkey-stroke interval measure provided by Inputlog 8.0 (Leijten & Van
Waes, 2013), defined as the mean number of milliseconds that happen between
two characters of a word, both groups had a similar mean typing speed when
composing their initial texts, with a similar high individual variability too: M =
210.67, SD = 40.69 in the feedback group and M = 192.27, SD = 39.15 in the self-
editing group. The effect size between groups was small (g = 0.44).

3.2.2. Data collection

A one-cycle data collection procedure with three stages was implemented. In Stage
1, the children received García Hernández et al.’s (2017, p. 22) six-picture sequential
prompt, which these authors had used with young learners too. Our participants
were asked to type the underlying story (a scientist who tries a new potion and turns
into a cat, which is attacked by the scientist’s dog). Inputlog 8.0 had been installed on
their computers for recording and analyzing their texts, keypresses, pausing time plus
characters inserted and deleted in revisions. Due to class-time restrictions, they had
a maximum of thirty minutes to complete the task. In Stage 2, twenty-four hours after
Stage 1, the feedback group had access to their initial texts on the computer screen
and were provided with Coyle et al.’s (2018) model text based on the six-picture story
task.  They were also given a prompt which directed them to write the differences
between the model and their own text. The self-editing group accessed their initial
texts on the computer screen too. They were given a prompt for self-editing their own
compositions without the model and asked to revise their text in order to improve it.
The time allotted to Stage 2 was sixty minutes, which was deemed to be a reasonable
time frame to follow Cánovas Guirao’s (2018) recommendation of allowing sufficient
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time to optimize feedback processing. Both the task and the two prompts were
printed. Stage 3 took place four days after Stage 2. The two groups were asked to
write the same six-picture story under identical conditions to those of Stage 1.

3.2.3. Fluency measures

Our approach to fluency was multidimensional (Van Waes & Leijten, 2015), thus cov-
ering both product and process perspectives. The selection of the fluency measures
that were used in the present study addressed the following considerations:

· the wide array of measures used in previous research, with the resulting
difficulty in the comparability of findings;

· the absence of any standardized criterion to discriminate among each prod-
uct and process measure and/or to ensure avoidance of multicollinearity;

· the absence of any previous studies which had examined fluency from a
process-oriented perspective in L2 children.

We finally opted for ten fluency measures: five product- and five process-ori-
ented ones. We included word-based measures as they are abundant in the litera-
ture. However, we also resorted to character-based measures since they take the
lengths of words into account (Palviainen et al., 2012). Out of the ten measures, six
were automatically retrieved from Inputlog: word count, words per minute, charac-
ters per minute, linear fluency I, linear fluency II and product/process ratio.

Our product measures of fluency were as follows:
· Word count. According to Wolfe-Quintero et al. (1998), although computing

the number of words in timed writing (as is  our case; see section 3.2.2.)
allows the comparison of participants’ fluency within the same study, these
authors maintain that “the results are meaningless in comparison with
other populations or across different tasks” (p.  10).  Abdel Latif  (2009,
2013) adds that text quantity may depend on writers’ pre-task decisions
about the number of words, lines or paragraphs their text will comprise
or their familiarity with the topic. We understand all these cautionary points
but decided to include raw word count to test Truscott’s (1996) claim that
WCF harms fluency from a text-length perspective (p. 355), by resorting
to models as the WCF technique.

· Words per minute. Abdel Latif (2009) argues that this traditional measure is
not valid given that writing fewer words per minute can be due to writers’
negative attitude towards writing or the reflective nature of a writer rather
than lack of fluency. However, the words per minute index allows the ho-
mogenization of the measurement of fluency regardless of whether the
writing task is timed or untimed and whether the students use the full time



Models as written corrective feedback: Effects on young L2 learners’ fluency in digital writing from . . .

707

they have available. It is calculated by dividing the total number of words
produced in the final text (i.e., without including deleted words in revisions)
by the total number of minutes spent on composing the written task.

· Characters per minute. It computes the number of characters written per
minute in the final text, including spaces (Van Waes & Leijten, 2015).

· Minutes per 20 words (also in the final text). We included this measure to test
Truscott’s (2004) claim derived from Chandler’s (2003) results that students
write (simpler) texts at a higher speed following the processing of WCF. Ac-
cordingly, we decided to use a similar speed fluency measure to Chandler’s
but adapted to young learners’ production. Thus, we set the threshold to 20
words (without including deleted words in revisions) after revising the word
counts of our own participants, whose lowest figure was 23.

· Minutes per 100 characters. We set the threshold to 100 characters,
since the lowest character count recorded in our data was 103. Similar
to minutes per 20 words, this measure focused on the final text, includ-
ing spaces, and it did not include deleted characters in revisions.

We drew upon the following process measures of fluency:
· Linear fluency I: characters per minute (labeled as “fluency (linear)” by

Palviainen et al., 2012, p. 54). It takes the perspective of the linear (not
final) text, which includes deleted and inserted characters plus spaces.

· Linear fluency II: words per minute in linear text, included by parallelism
with the previous measure and which covers deleted and inserted words.

Similar to all the product indices, following Kellogg (1996), the de-
nominator of the two measures is the total amount of minutes spent on
the composing time of the writing task (active writing time + pausing
time, both in minutes).

· Words per P-Burst. Using burst as a unit of measure for fluency has been
widespread, and it has been mostly examined from the perspective of
words produced between pauses (see Chenoweth & Hayes, 2001; Mohsen,
2021; Révész et al., 2017; Stevenson, 2005). Its calculation involves the di-
vision of the total amount of typed words (including deleted ones in revi-
sions) by the total number of P-bursts.

· Characters per P-Burst. It is calculated by dividing the total amount of
typed characters (both deleted and inserted characters plus spaces) by
the total number of P-bursts (Michel et al., 2020; Révész et al., 2017).

According to Révész et al. (2017), both words and characters per P-
burst are indices of speed fluency within a process-oriented perspective. In
line with the same authors and other previous research (e.g., Mohsen, 2021),
together with the absence of previous studies with children in L2 digital writing,
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the pause threshold was set at 2 seconds for the two measures. The number
of P-bursts in both indices was automatically obtained from Inputlog.

· Product/process ratio. The product/process ratio is the division between
the total number of characters with spaces in the final text plus the ad-
dition of the total number of non-character keys divided by the total
number of characters produced in the linear text. It provides indirect in-
formation concerning how cognitively demanding the amount of revi-
sion is. The closer the ratio is to +1, the fewer revisions are undertaken,
which in principle involves higher writing speed and, thus, higher flu-
ency. We considered this measure to be relevant given our participants’
age and level, since inexperienced L2 adult writers have been shown to
spend considerable time on revisions, particularly of low-level aspects
such as spelling and grammar errors (Barkaoui, 2007).

3.2.4. Statistical analyses

When analyzing our data, we chose to focus on descriptive statistics, including ef-
fect sizes, rather than running tests of statistical significance. This choice was based
on several considerations. First, the small sample size (N = 18) and our interest in
avoiding the increased potential for Type II errors associated with small samples. At
a more conceptual level, we also chose to focus on descriptives in order to maintain
an emphasis on the magnitude of the differences between the two written texts
and composing processes within and across groups, as opposed to the presence or
absence of such differences. Thus, we opted for descriptive statistics based on the
mean (M) and standard deviations (SD), along with the effect size expressed with
Hedges’ g and Hedges’ g adjusted. Using Hedges’ g is justified as this effect size
considers the sample size, applying a correction factor for small sample sizes (Turner
& Bernard, 2006). The interpretation of Hedges’ g is based on Plonsky and Oswald’s
(2014) benchmarks for the field of L2 research: within-groups (small: .60; medium:
1.0; large: 1.4) and between-groups (small: .40; medium: .70; large: 1.0).

3.3. Results1

3.3.1. Fluency: Product measures

Our first  research question asked to what extent WCF in the form of a model
text affects L2 English children’s writing fluency as measured by product indices.

1 A reviewer suggested including correlational analyses among our fluency measures to check if some of
them were redundant. We had already looked into this and found that there was a wide range of corre-
lational values among these measures. Hence our final recommendation in the concluding section.
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Tables 1 and 2 provide the descriptive statistics for the fluency product measures
within and between groups, respectively.

Table 1 Fluency: Within-group product measures
Feedback group: M (SD) Self-editing group, M (SD)

Initial
text

Rewritten
text

Mean
difference g Initial

text
Rewritten

text
Mean

difference g

Word count 100.3 (84.63) 104.1 (91.99) -3.8 -0.04 46.13 (42.29) 40.75 (16.71) 5.38 0.24
Characters/minute 20.66 (14.70) 27.87 (15.29) -7.21 0.46 16.82 (8.33) 37.92 (13.80) -21.1 1.75
Words/minute 4.2 (3.17) 5.52 (3.18) -1.32 0.40 3.22 (1.61) 7.14 (2.96) -3.92 1.56
Minutes per 100 characters 2.69 (1.78) 2.07 (0.87) 0.62 0.42 2.37 (0.80) 1.37 (0.34) 1.0 1.54
Minutes per 20 words 2.77 (1.97) 2.13 (0.89) 0.64 0.40 2.52 (0.97) 1.5 (0.49) 1.02 1.25

As can be seen in Table 1, the feedback group improved their fluency in
all the five product indices from their initial to their rewritten texts, with small
effect sizes except for the trivial one in word count. The self-editing group de-
creased their word count from their initial to their rewritten texts with a small
effect size, while the results of the four remaining measures improved, reflect-
ing medium (minutes per 20 words) and large effect sizes (characters and words
per minute and minutes per 100 characters).

Table 2 Fluency: Between-group product measures
Group M (SD)

Mean
difference gadjustedFeedback:

rewritten text
Self-editing:

rewritten text
Word count 104.1 (91.99) 40.75 (16.71) 63.35 0.08
Characters/minute 27.87 (15.29) 37.92 (13.80) -10.05 -0.95
Words/minute 5.52 (3.18) 7.14 (2.96) -1.62 -0.86
Minutes per 100 characters 2.07 (0.87) 1.37 (0.34) 0.7 0.75
Minutes per 20 words 2.13 (0.89) 1.5 (0.49) 0.63 0.66

Between groups (see Table 2), the largest improvements in four product
measures were obtained by the self-editing group, whith effect sizes ranging
from small (minutes per 20 words) to medium (characters and words per minute
and minutes per 100 characters). The only effect size in favor of the feedback
group – for word count – yielded a trivial magnitude.

3.3.2. Fluency: Process measures

Our second research question asked to what extent WCF in the form of a model
text affects L2 English children’s writing fluency as measured by process indices.
The descriptive statistics for these measures within and between groups are in-
cluded in Tables 3 and 4, respectively.
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Table 3 Fluency: Within-group process measures
Feedback group: M (SD) Self-editing group: M (SD)

Initial
text

Rewritten
text

Mean
difference g Initial

text
Rewritten

text
Mean

difference g

Linear fluency I (character-based) 30.81 (16.84) 40.44 (17.51) -9.63 -0.54 26 (10.82) 47.17 (18.17) -21.17 -1.34
Linear fluency II (word-based) 5.81 (3.71) 7.03 (3.46) -1.22 -0.33 4.51 (2.02) 8.48 (3.50) -3.97 -1.31
Characters/P-Burst 6.87 (3.35) 9.81 (4.76) -2.94 -0.68 5.76 (2.24) 8.58 (4.25) -2.82 -0.78
Words/P-Burst 1.3 (0.78) 1.74 (1.06) -0.44 -0.45 1.01 (0.40) 1.52 (0.75) -0.51 -0.80
Product/process ratio .64 (.17) .68 (.15) -0.04 -0.20 .65 (.12) .81 (.05) -0.16 -1.61

As observed in Table 3, from their initial to their rewritten texts, both groups
increased their fluency in all the five process measures. The feedback group displayed
a trivial effect size in the product/process ratio and small ones in the four other pro-
cess indices. In the self-editing group, small effect sizes were found for characters and
words per P-burst, the effect sizes in linear fluency I and II yielded medium magni-
tudes and the results of the product/process ratio showed a large effect size.

Table 4 Fluency: Between-group process measures
Group M (SD) Mean

difference gadjustedFeedback,
rewritten text

Self-editing,
rewritten text

Linear fluency I (character-based) 40.44 (17.51) 47.17 (18.17) -6.73 -0.68
Linear fluency II (word-based) 7.03 (3.46) 8.48 (3.50) -1.45 -0.80
Characters/P-Burst 9.81 (4.76) 8.58 (4.25) 1.23 -0.10
Words/P-Burst 1.74 (1.06) 1.52 (0.75) 0.22 -0.21
Product/process ratio .68 (.15) .81 (.05) -0.13 -1.08

Between groups (see Table 4), the self-editing group displayed the largest
gains in three process indices: linear fluency I and II and product/process ratio,
whose effect sizes ranged from small to medium and large, respectively. The ef-
fect sizes in favor of the feedback group were trivial for characters per P-burst
and small for words per P-burst.

4. Discussion

Given Truscott’s arguments regarding the detrimental and non-detrimental ef-
fects (Truscott, 1996 and 2004, respectively) of having access to direct and indi-
rect WCF on fluency in L2 writing,  together with the scant research on young
learners’ digital writing processes, our study intended to shed light on whether
processing WCF has an effect on young EFL learners’ fluency behavior in digital
writing. To this end, we looked at fluency using a multidimensional approach –
including product and process perspectives – in the texts typed by L2 children
writers, with and without access to WCF shaped as models.
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Concerning the product measures, the feedback group increased their to-
tal word count after rewriting their texts with the help of models as opposed to
the decrease in total words written by the self-editing group. Thus, our data do
not seem to support Truscott’s (1996) claim that providing WCF results in writing
less text, although it should be remembered that Truscott referred to direct and
indirect WCF and that the differences here were minimal in raw numbers and in
the effect size both within and between groups (see Tables 1 and 2). The results
of the self-editing group differ from Ekanayaka and Ellis (2020), whose two di-
rect semi-focused feedback groups increased their text length in the writing of
a new text of an identical type to the first one; however, as opposed to our study,
the control group increased it too.

The trend of our feedback group’s results does not fully coincide with two
pen-and-paper studies which used models as WCF. Contrary to our own feedback
group and to her collaborative group, there was a decrease in the three quantity
fluency measures used by Lázaro-Ibarrola (2021) in young learners’ timed individ-
ual writing (word count among them), with an absence of any statistically signifi-
cant results. The rewritten texts of the two proficiency levels in Cánovas Guirao’s
(2018) non-model-instruction group had similar word counts in untimed collabo-
rative writing after processing models, as opposed to the increase in the model-
instruction group, whose texts were always longer than those of the other group.
However, the results of our model group coincide with those of Roothooft et al.
(2022) in the slight increase of fluency in the texts rewritten by the group who
processed models – as opposed to their direct WCF group, whose rewritten texts
displayed a slight reduction. Certainly, future research with different age groups
should  aim to  contribute  empirical  evidence  to  clarify  the  effects  of  each  WCF
technique and self-editing on writing fluency measured as frequency counts (text
length among them). Moreover, a relevant moderating variable of the effect of
WCF as models on word count could be not just proficiency level, but including
explicit, teacher/researcher-guided instructions about how to use models before
students process the WCF and rewrite their texts.

Regarding the remaining four product indices, both groups in our study
improved their fluency by increasing their characters and words per minute and
by reducing the mean of minutes used to type every 100 characters and 20
words. Our results concur with Sánchez’s (2019) self-editing participants in the
low-proficiency group (whose level resembles our own participants’), given that
they significantly increased their words and syllables per minute in comparison
to the direct and indirect WCF groups. Future empirical research in digital writ-
ing is warranted to confirm or nuance the aforementioned attested gains in such
fluency measures, as mediated by the processing of different WFC techniques
and self-editing. Likewise, similar to our model group, the mean of minutes per
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100 words from their first to their new fifth assignment was significantly lower
in all Chandler’s (2003) direct and indirect feedback adult groups in her two
studies. In our own one, the largest improvements between groups for both
minutes per 100 characters and 20 words were revealed in the self-editing group,
with medium and small effect sizes, respectively (see Table 2). The results of the
model group, though less beneficial than those of the self-editing group, seem
to concur with Truscott’s (2004) affirmation that learners improve their speed
fluency after processing direct and indirect WCF. Thus, future digital writing
studies should provide further empirical evidence about both Truscott’s (1996,
2004) contentions and analyze the patterns of the length and speed aspects of
fluency that emerge from self-correction versus the processing of different WCF
techniques (models, direct and indirect feedback): namely, isomorphic or mixed.

The results of the process measures offer a more mixed picture than that
of the product indices (see Tables 3 and 4). The feedback group augmented their
fluency in all the five measures, but the self-editing group attained higher mean
values than the feedback group for linear fluency I, linear fluency II (characters
and words per minute, respectively) and product/process ratio, with effect sizes
ranging from small to large. Although the feedback group’s mean values ob-
tained in the rewriting session for characters and words per P-burst were higher
than those of the self-editing group, the respective trivial and small effect sizes
diminish the impact of such results. Again, the descriptive tendencies shown in
the present study need to be empirically tested in future digital writing research
about the effects of models and other WCF techniques plus self-editing on dif-
ferent fluency process measures.

Our results seem to confirm the plausibility of drawing on Skehan’s (2009)
application of Levelt’s model (1989) of L1 speech production to second/foreign
language CAF oral performance in order to study the relationship between mod-
els and writing fluency (see section 2.3). Processing model texts slightly increased
the feedback group’s fluency in all the ten measures. Remembering the lexical
alternatives from the comparison stage arguably contributed to easing the pres-
sure on the feedback group’s translation process in the rewriting stage, with prob-
able positive effects on their  execution too. Besides,  similar to the case of oral
narratives  (Skehan,  2009),  it  could  be  argued that  the  structured  nature  of  the
writing task, as reflected in the six-picture sequential prompt available in the re-
writing stage, aided to benefit the feedback group’s fluency too. However, overall,
self-edition turned out to be more efficient for the improvement of fluency.

The consideration of the rewritten phase as an exact task repetition stage
(Bygate, 2001) could be useful to jointly explain: 1) the increase of the feedback
group’s fluency in their rewritten texts and their composing processes and 2)
the generally higher fluency improvements of the self-editing group. Certainly, the
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actual task type and content plus the procedure for rewriting the text were the
same as in the initial writing session. From that angle, our results are in line with
the revealed tendency that task repetition in the oral and writing modalities ap-
pears to impact fluency positively in the repeated task (see Sánchez, 2019, for a
review), with greater benefits for the children who did not process the models.

Following Kellogg’s (1996) model of writing, the task “rehearsal” of the
initial writing and the review of their texts in the second stage allegedly supplied
the children with sufficient support or background knowledge, even for the self-
editing group (despite their lack of access to the model). These two aspects,
coupled with the availability of the six-picture sequential stimulus in the rewrit-
ing (task repetition) stage, possibly eased the pressure in the participants’ cen-
tral executive and visual-spatial sketchpad, since they potentially remembered
what and in which order they had to write about, and so they did not need to
plan at length. In the case of the self-editing group, the absence of processing
the model text might have reduced their inclination to pay focused attention to
or remember specific linguistic forms in the rewriting stage. Arguably, this factor
could have freed up resources in their central executive and phonological loop,
thus rendering the linguistic encoding of their preverbal thoughts during the
translation process easier and faster. This seems to be supported by their higher
reduction of revisions compared to the feedback group (see Table 4 for the results
of the product/process ratio measure).

Nevertheless, although the group who did not process the models showed
more fluency than the feedback group in seven of the ten measures, it should be
considered that the overall higher fluency of the children who self-edited their
texts does not necessarily entail more (significant) efficiency in terms of accu-
racy (see, for instance, Sánchez, 2019 and Lázaro-Ibarrola, 2021). Despite being
relevant in any WCF study, this aspect, together with the analysis of complexity,
was beyond the scope of this article.

5. Conclusions

The present study was prompted by Truscott’s (1996) claim that the provision
of direct and indirect WCF involves writing less text, at a higher speed (Truscott,
2004), due to the students’ desire to avoid committing mistakes. Specifically, it
investigated the effects of the provision of models as WCF and self-editing on
the fluency of young L2 learners (measured with product and process indices),
an age group whose digital writing processes had not been previously studied.

The results of this study suggest that using model texts does not fully align
with the effects produced by direct and indirect WCF on writing fluency accord-
ing to Truscott’s (1996, 2004) claims, given that our model group increased both
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their word count (though slightly) and speed fluency in the texts they rewrote
following the processing of the models. They also augmented their fluency in
the remaining eight measures. Between groups, the children who self-edited
their texts experienced higher improvements in speed fluency and in six more
measures out of the ten indices.

Our study seems to support the theoretical feasibility of applying Skehan’s
(2009) psycholinguistic explanation about the effects of task design features on pro-
cessing demands and oral L2 CAF performance to written language. From a peda-
gogical perspective, an implication of this study is that opting for exact task repeti-
tion preceded by processing models as WCF would not be harmful to increase writ-
ing fluency. Nevertheless, if teachers want to boost their learners’ fluency in rewrit-
ten texts, self-correction in general would seem to be the most efficient option.

Several important limitations of this study, which open some lines for fur-
ther research, should be acknowledged. First, the small size of our sample restricts
the generalizability of our findings. Second, we used just one data source and so
it would be useful to triangulate the data from keystroke logging programs with
the participants’ comments on their internal composing processes as elicited by
stimulated recalls. Third, we acknowledge that the analysis of accuracy in the ini-
tial and final texts before and after processing different techniques of WCF and
self-correction would provide valuable information to understand the nature of
the relationship between accuracy and fluency in digital texts as mediated by the
presence or absence of WCF. Fourth, the analysis of complexity in the same afore-
said terms would complement our knowledge about 1) Truscott’s (2004) affirma-
tion of an inverse effect between complexity and speed fluency in texts composed
after processing WCF, and 2) any other possible trade-off effects in the full CAF
triadic dimension of L2 performance. Importantly, any future research should at-
tempt to control for participants’ typing skills, which might mediate the effects of
WCF on fluency (especially speed fluency, as a reviewer noted).

Finally, our results lead us to advocate a multidimensional approach (Van
Waes & Leijten, 2015) to study writing fluency in a deep and comprehensive man-
ner. Therefore, we would like to highlight the relevance of conducting a robust
psychometric study which discriminates the magnitude and role of different
product and process fluency measures, for different age groups, with a view to
devising composite variables which would avoid multicollinearity and facilitate
comparability of findings. In hindsight, we cannot guarantee that multicolline-
arity did not affect our own results. Overall, given the under-explored domain
of young children’s digital writing processes in general and of fluency in partic-
ular, either alone or as mediated by WCF, we believe that our study represents
a worthy contribution, in terms of uncovering empirical questions worth ad-
dressing in future studies.
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