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Fluency across modes: An exploratory study of L1 and L2 spoken and

written fluency

Abstract: The article presents an exploratory cross-modal analysis of fluency profiles in spoken
and written first (L1, Finnish) and second (L2, English) language production of the same language
users. Our data come from two research projects, from which we identified 11 university students
participating in both. The spoken tasks consisted of monologue picture description (analysed with
Praat), and the written tasks were short argumentative essays (collected and analysed with keystroke
logging software GGXLog). Based on commonly used measures to capture different aspects of
spoken and written fluency, we used a set of 14 measures (seven for speech fluency, seven for
writing fluency) to examine fluency across modes comprehensively. Four profiles were identified
from the data: 1) fast and productive, 2) fast, 3) slow and productive, and 4) slow and reflective. Six
speakers had the same profile in the L1 and L2, and seven writers had the same profile in the L1
and L2. Only one participant had the same profile in the L1 and L2 speaking and writing. The
results suggest that the cross-modal differences are greater than the differences between languages.
The modalities are inherently different, which is also reflected in individual variation between the

modalities.

Keywords: fluency profiles, speaking, writing, language proficiency

1 Introduction

Fluency is a multifaceted concept used in cognitive sciences and second language (L2) teaching and
learning research. It is also an important concept to all teachers and professionals working with
language assessment, in addition to language users themselves. Fluency commonly refers to
uninterrupted language production which progresses smoothly and with ease, but every researcher
has to define the concept in their specific framework, which might present challenges when
comparing the methods and results of studies conducted in various contexts. In general, L2 fluency
studies related to language production focus either on spoken or written fluency, while cross-modal
examinations are rare. In studies of speech fluency, the definitions can range from a broad
understanding of fluency as language proficiency to a narrow understanding of fluency mainly as a
temporal phenomenon measurable from speech samples (e.g., Lennon 1990; Tavakoli and Hunter

2018). Fluency in a narrow sense is generally used for research purposes, and recent studies largely



rely on Skehan’s (2014) three-fold framework of utterance fluency, namely speed, breakdown, and
repair fluency, where measures of fluency and disfluency are placed on a continuum. Recently,
writing fluency has also received increasing attention (Lintunen et al. 2020b). It has been studied,
for instance, by regarding how coherent, error-free, and well-structured a text is (Crossley et al.
2016). Furthermore, keystroke logging software allows the study of fluency during the writing
process (e.g., Lindgren and Sullivan 2019) and, thus, enables combining measures for the writing
process and the final product (Cislaru and Olive 2018; Mutta 2020). As with spoken fluency,
fluency features during the writing process, including disfluency features, such as pauses and
revisions (Baaijen and Galbraith 2018; Cislaru and Olive 2018; Ellis and Yuan 2004), have been
investigated. In the present study, we focus on fluency-related features that can be identified and

measured from both written and spoken first language (LL1) and L2 productions.

Both written and spoken productions can be affected by individual variation: in speech, language
users’ speaking style varies according to individual characteristics, and during the writing process,
there are corresponding differences and similarities related, for instance, to language proficiency
(e.g., De Jong 2018; Olkkonen & Mutta 2020; Palviainen et al. 2012; Peltonen 2018). Language
production in different modes might also be affected by other user-internal (e.g., personality and
affective variables, such as emotions) and user-external (e.g., spontaneity of the production, power
relations, test environment) factors (Lintunen et al. 2020b; Olkkonen et al. 2024). All these
variables together, therefore, contribute to creating individual profiles for language users. Despite
the importance of individual variation affecting L1 and L2 production across written and spoken
modalities, previous cross-modal research on the topic is scarce. Thus, there is a gap in research
regarding profiling language use from cross-modal perspectives to understand the complex picture
of an individual’s language use (Li et al. 2022). Furthermore, researchers have highlighted that
there is a need for multiple-method studies (Révész et al. 2022: 2), especially focusing on language
users’ own linguistic profiles and skills in their L1 and L2 (e.g., Lintunen et al. 2020b). L2 studies
have traditionally compared learners to native speakers, but comparing learner’s production and
fluency profile across different languages and modes in their own repertoire can reveal idiosyncratic

patterns that are user-specific (Peltonen 2018).

To address these research gaps, we conducted a cross-modal examination of spoken and written
productions from the same participants in their L1 Finnish and L2 English. Through our
comparative analysis of fluency profiles across the two modalities, we provide a pioneering

contribution to research on individual language users’ spoken and written fluency profiles in their



L1 and L2. The analysis combined data from two large-scale research projects, one of which
focused on spoken and the other on written fluency. From these data, 11 university students that
participated in both projects were identified and their productions analysed for a range of spoken

and written fluency measures.

2 Literature review

2.1 Spoken fluency: focus on utterance

L2 speech fluency has been of interest to researchers working in the domains of L2 learning,
assessment, and teaching for several decades. Speech fluency is often approached as one dimension
of broader L2 (oral) proficiency, such as in the complexity-accuracy-fluency (CAF) framework
used for examining L2 proficiency and performance (e.g., Housen et al. 2012). Lennon (1990)
referred to this sense of fluency as the “narrow” sense to distinguish it from a “broad”
understanding of fluency as the level of general (oral) proficiency in a certain language. More
recently, Tavakoli and Hunter (2018: 343) fine-tuned this division by distinguishing four
approaches to fluency definitions, ranging from very broad (general proficiency) and broad (oral
proficiency) to narrow (one dimension of oral proficiency associated with effortlessness and ease)
and very narrow (the narrow sense specified to speed, breakdown, and repair dimensions, following
e.g., Skehan 2014). Along with this distinction, Segalowitz’ (2010) framework is widely cited in L2
speech fluency literature (see also Lintunen et al. 2020a). In his model (Segalowitz 2010), three
dimensions of fluency can be distinguished: effectively functioning cognitive processes (cognitive
fluency) enable the production of L2 speech, which can be analysed for various fluency-related
features (e.g., based on the dimensions specified in the very narrow sense; utterance fluency). These
features, in turn, create an impression of fluent speech for the listener (e.g., a rater in fluency
assessment contexts; perceived fluency). In the present study, our focus for the spoken data is on
utterance fluency and the very narrow sense, as we apply a set of temporal measures associated with
the speed, breakdown, and repair dimensions to capture the participants’ speech fluency in their L1

and L2 productions.

Various measures have been employed to examine L2 speech fluency. The speed dimension,
referring to the rate of speech production, is most commonly measured with articulation rate

(syllables per speaking time, excluding silent pauses) or its inverse measure, mean syllable duration



(e.g., De Jong 2018). Speech rate is another popular choice for capturing the speed of talk, but it is
categorised as a composite measure in current literature (e.g., Tavakoli et al. 2020), because it
includes information about pausing along with the pure speed of production (calculated as syllables
per total time, including silent pauses). Due to the composite nature of this measure, (pruned)
speech rate has been recommended as a good overall measure of fluency for studies where an
overall estimate of fluency is sufficient (e.g., De Jong 2016). Along with speech rate, another
composite measure, mean length of utterance (e.g., De Jong 2018) or mean length of run (e.g.,
Tavakoli et al. 2020), which combines information about pausing and the speed of talk, has been
widely employed in fluency research, along with the present study. Regarding the breakdown
fluency dimension, silent pauses (SPs) are usually examined for their frequency, duration, and/or
location and distinguished from so-called filled pauses (FPs, e.g., uh, um). While especially more
frequent mid-clause SPs have been associated with disfluency (e.g., Tavakoli et al. 2020), the link
between FPs and fluency is less clear (e.g., Dumont 2018). In the present study, we only examined
SPs, as they are more comparable with the cognitive pauses examined in the written production than
FPs, which do not have an exact equivalent in written production. Finally, the repair dimension
captures different types of corrections made to speech, such as false starts and reformulations. In the
present study, we grouped false starts, repetitions, replacements, and reformulations (Foster and
Skehan 1999) into one overall measure of repair fluency. This has been a relatively common
practice in L2 speech fluency research due to, for instance, the low frequencies of repairs often
found in speech samples and was adopted for the present study to maximise comparability with the

writing fluency analyses.

The different dimensions of fluency, including the various fluency measures discussed above, have
mostly been examined based on monologic L2 speech. Traditionally, L2 speech has been contrasted
with native speakers’ fluency, either implicitly or by measuring fluency-related features from L1
speech samples collected from a native speaker control group (e.g., Peltonen and Lintunen 2016).
While this approach can provide important information about the learners’ fluency level in relation
to native speakers’ fluency, recently, researchers have begun to draw attention to speakers’
individual styles affecting L2 speech, resulting in research designs including L1 and L2 (even L3,
see Peltonen and Lintunen 2022) from the same participants to enable within-participant
examinations of fluency across two or more languages in a speaker’s repertoire. In the past 10-20
years, the field has witnessed a rapid growth in research exploring these L1 personal speaking style
effects on L2 speech fluency (for a recent meta-analysis, see Gao and Sun 2024), demonstrating

heightened interest in individual variation regarding fluency-related phenomena. However, to our



knowledge, these examinations have been limited to either spoken or written fluency (see Section
2.2), while within-participant studies on cross-modal fluency have been rare (but see Lintunen and

Maikild 2014 on syntactic complexity among L2 written and spoken production).

2.2 Written fluency: focus on process

Research on writing as a final product has a long history, while studies focusing on writing
processes have become more popular in the last 20 years following the increased use of
technological tools, such as keystroke logging (Gunnarsson-Largy 2012; Lindgren and Sullivan
2019; Mohsen 2021; Spelman Miller et al. 2008; Van Waes and Leijten 2015). Furthermore, writing
processes have been more widely examined in L1 than L2. Therefore, knowledge on L1 writing
processes and process-oriented models have influenced studies on L2 writing processes (Hayes
1996; Hayes and Flower 1980) to describe L2 writers’ mental processes (e.g., Roca de Larios et al.
2016). Studying L2 writing processes can provide explicit information about language users’
choices and strategies, and this information can be further used for pedagogical purposes, for
instance, by examining similarities and differences between proficient and less proficient writers or

between L1 and L2 writing habits or styles (Davoodifard 2022).

L2 writing fluency has also been the focus of more recent studies (Lintunen et al. 2020b). In writing
fluency research, there are different measures for the writing process and the final product (Cislaru
and Olive 2018; Kowal 2014; Mohsen 2021; Mutta 2020; Spelman Miller et al. 2008; Van Waes
and Leijten 2015): in product-oriented studies, fluency illustrates the reader experience, that is, how
the text flows from the reader’s point of view (reader perception; comparable to perceived fluency,
see Section 2.1) in terms of cohesion and linguistic correctness (Crossley et al. 2016). On the other
hand, fluency in the process-oriented studies is related to the main cognitive processes (planning,
formulation, and revision), which are dynamic and recursive in nature (Ellis and Yan 2004; Roca de
Larios et al. 2016) and focus on the interplay between automatically processed and more controlled
cognitive processes, which are reflected in writing fluency measures (Cislaru and Olive 2018; Ellis
and Yuan 2004; Olkkonen and Mutta 2020; cf. utterance and cognitive fluency in Section 2.1).
Automatic processes (i.e., lower-level processes, such as orthographic processing) allow more
working memory space for more controlled processes (i.e., higher-level processes, such as strategic
planning and revision) (Baaijen and Galbraith 2018; Cislaru and Olive 2018; Ellis and Yan 2004;
Olkkonen and Mutta 2020).



The automaticity of cognitive processes can be manifested through bursts, which are uninterrupted
flows of producing text (Chenoweth and Hayes 2001; Cislaru and Olive 2018; Kowal 2014). Bursts
represent one measure of fluent writing, defined as linguistic material produced between cognitive
pauses (=2 secs), revisions, and other tool-related actions (Baaijen and Galbraith 2018; Chenoweth
and Hayes 2001; Conijn et al. 2024). Bursts can include linguistic elements from single letters to
several sentences. The longer and more frequent the bursts, the more fluent the writing process is
assumed to be (Chenoweth and Hayes 2001). The fluent writing process can be interrupted by
pauses and revisions, and when writing on a computer, by event transitions, including scrolling,
mouse movement, and other operations that occur before actual text production (Baaijen and
Galbraith 2018). Pauses are markers of spontaneous segmentation of the production flow and basic
units to study cognitive activity: short pauses reflect automatised lower-level processes, whereas
non-automatised lower-level and higher-level processes induce longer pauses (Cislaru and Olive
2018; Olkkonen and Mutta 2020). Pauses, revisions, and scrolling are usually considered disfluency
features, but they do not always affect writing fluency similarly, as they might occur due to various
reasons; for instance, pause length can be related to orthographic (e.g., use of shorter pauses) or
content revisions and mental planning (e.g., longer pauses) (Mutta 2020; Xu 2018). Bursts, pauses,
revisions, and scrollings are situated on a fluency—disfluency continuum and their exact position

depends on the context.

In addition to bursts and pauses, various other measures can also be used when examining writing
fluency. Compared to spoken language, where syllables per speaking or total time are often used as
a fluency measure, the most general measure is to calculate the words produced per unit of
composition time to give an average measure of overall fluency (Chenoweth and Hayes 2001; Ellis
and Yuan 2004). To yield a more comprehensive understanding of writing processes, fluency has
also been studied with more detailed measures and methods. Ellis and Yuan (2004), Gunnarsson-
Largy (2012) and Spelman Miller et al. (2008) studied L2 productions by combining product and
process-oriented approaches in the CAF framework. Interestingly, their measures reflect the same
measures as in spoken studies. Ellis and Yuan (2004) studied the effects of planning on fluency
(e.g., syllables per minute and number of disfluencies), complexity (e.g., the ratio of clauses to T-
units, syntactic variety, and mean segmental type-token ratio), and accuracy (e.g., error-free clauses
and correct verb forms) in a paper-and-pencil task in L2 English among 42 Chinese learners’
written narratives. The results showed that pre-task planning affected fluency and syntactic variety,
whereas accuracy was greater when there was an opportunity for unpressed on-line planning. By

contrast, Gunnarsson-Largy (2012) analysed L2 French competence by means of a keystroke



logging program (ScriptLog) and video-filmed thinking-aloud protocols. For fluency, the measures
were similar to Ellis and Yuan (2004). In her case study, fluency and syntactic complexity seemed
not to be related when using product- and process-oriented measures (see also in Section 2.3).
Similarly, Spelman Miller et al. (2008) studied the L2 English production of 17 L1 Swedish high
school students over a 3-year period by using a computer program JEdit. They compared text
quality variables (CAF) to fluency measures such as bursts, number of pauses, and revisions and
found that all writers increased their fluency and made longer bursts, but they did not increase their
text quality over time. There was a lot of individual variation, and the researchers suggested that L1

writing processes could explain some patterns.

For his part, Mohsen (2021) studied 30 writers’ argumentative text in L1 Arabic and L2 English
with a keystroke logging program (Inputlog) and compared writers’ writing behaviour (fluency,
pauses, and revision) with text quality (six-point scale based on, for instance, organisation and
development, coherence, and language use). He combined log files, screened video recordings, and
stimulated recall interviews in a mixed-method analysis and found that writers were more fluent in
their L1 than their L2 (i.e., more characters, fewer pauses at word boundaries; Van Waes & Leijten
2015) and needed time in the initial phase of writing to generate ideas. Interestingly there was no
significant difference in time spent on revisions in L1 and L2. His results also showed that the

fluency indicators could predict a good quality of L1 writing.

Examining a broader range of L2s, Van Waes and Leijten (2015) created a model to describe the
complexity of fluency based on process-oriented characteristics. They collected data through
keystroke logging (Inputlog) among 68 students writing in L1 Dutch and in L2 (English, French,
Spanish, or German at level B2 or above according to CEFR scale (Council of Europe 2001)) to
make a principal component analysis and identify the main variables of fluency. They identified
four main components and corresponding fluency variables as follows: production (mean number of
characters), process variance (standard deviation of characters), revision (process vs. product ratio
and length of R-bursts), and pause behaviour (mean pause length and proportion of pause time).
They concluded that there is a need for a standardised analysis procedure and for a

multidimensional perspective of fluency to understand the complexity of fluency.

More recently, Révész et al. (2022) used a mixed-methods approach to study the relationship
between proficiency and speed fluency, pausing, and eye-gaze behaviours in L2 writing in English

by 60 Chinese participants. They measured speed fluency with two measures: the number of



characters typed between pauses (>2 secs) and mean duration of character production (i.e., total
time spent on writing excluding pauses divided by the number of characters), whereas pausing
behaviour was examined in terms of pause frequency and length. For eye-gaze behaviours, they
relied on, for instance, total fixation count and mean fixation length (Révész et al. 2022: 6). Their
results showed that proficiency was the strongest predictor of speed fluency. For our analysis using
a cross-modal approach, we have chosen measures from product- and process-oriented approaches

to be able to compare the measures with spoken fluency variables (for details, see Section 3.2).

2.3 Fluency profiles in L2 production

In previous L2 fluency studies, identifying profiles based on individual differences is rarer than in
psychological and educational research (see Li et al. 2022; Sparks et al. 2012). However, those
spoken fluency studies that have examined learner profiles have often related individual differences
underlying fluency profiles to speech styles and the efficiency of cognitive processing (e.g., De
Jong 2018; Olkkonen and Mutta 2020; Olkkonen et al. 2024; Peltonen 2018). In written language
studies, there is sometimes a distinction between writing profiles describing structural variability
and the organisation of processes, and writer profiles that are specific to individual writers, but on
several occasions, these profiles are intertwined; writer profiles have often been studied based on
writing processes and on certain product features (Van Waes 1992; see also Mutta 2020; Van Waes

and Schellens 2003).

L2 speech fluency is affected by user-internal (e.g., affective variables like linguistic anxiety) and
user-external variables (e.g., formal vs. informal context) (Lintunen et al. 2020b; Szyszka and
Lintunen 2023). To recognise L2 fluency profiles, objective measures need to be defined (for
measures, see Sections 2.1 and 2.2). In a recent study, Olkkonen et al. (2024) examined fluency
profiles in relation to the cognitive fluency dimension. The participants were native Finnish-
speaking advanced university level English users (n = 64). Their tasks and measures were (profile
dimensions in parentheses): LexTale in L2: lexical decision (language proficiency); monologue in
L1 and L2: speech rate, syllables / minute (speech fluency), false starts, reformulations, and
repetitions / minute (disfluency); rapid word reading L1 and L2: percentage of correct answers
(automaticity); Stroop task in L1 and L2: amount of interference (additional reaction time), number
of repairs (control of attention). To identify the profiles, they conducted a cluster analysis. As a

result, four fluency profile groups were identified: 1) Fast and fluent, 2) Accuracy-oriented, 3)



Proficient but disfluent, and 4) Less proficient but fast. Olkkonen et al. (2024) argue that identifying

cognitive fluency profiles helps to understand mechanisms behind speech production.

Dumont (2018) also relied on a cluster analysis to examine utterance fluency to create non-native
(French speakers of L2 English) and native (British English) speaker (dis-)fluency profiles in her
thesis. She used a versatile set of measures to capture different aspects of utterance fluency,
including breakdown measures (unfilled and filled pauses), composite measures capturing speed
and breakdown (e.g., speech rate, mean length of run), repair measures (e.g., false starts and
restarts), and other fluency-related phenomena, such as lengthenings and discourse markers.
Dumont (2018) did not name the profiles, but the results show that temporal (dis)fluency measures
are crucial for identifying each profile. For instance, the most fluent native and non-native speaker
profiles shared very high temporal fluency (e.g., few unfilled pauses, high phonation-time ratio, and
speech rate), but there were differences in the use of discourse markers and lengthening (Dumont
2018: 418—419). She also found that there was no relationship between the learners’ fluency
profiles and their assessed CEFR levels.

When examining fluency profiles in written production, studies often combine product-oriented
(e.g., productivity in number of words and paragraphs, error-free sentences) and process-oriented
measures (e.g., writing time, bursts, pausing behaviour, revisions, and corrections). For instance,
Van Waes (1992) and Van Waes and Schellens (2003: 836—-837) examined three aspects of writing,
namely writing time and final product (e.g., total duration of the writing process, duration of each
phase, number of words), pausing behaviour (number, duration, types of pauses) and revision
behaviour (number, level, purpose, location, remoteness, and temporal location of revision). They
identified five writer profiles: initial planners, fragmentary first-phase writers, second-phase writers,
non-stop writers, and average writers (related to examined variables of the total group). Based on
these studies, Mutta (2020) used 10 process-oriented and 6 product-oriented measures including
evaluation of the final product by native speakers. The results showed that product-oriented fluency
was related to values such as number of words, clauses, and sentences, the average length of
sentences, the number of words in relation to the total writing time, type/token ratio (TTR,
indicating lexical variation), and evaluation of the product by native teachers. However, there was
no significant correlation between measures of the process and the end product and, therefore, no

direct link between the writer profiles and the evaluation (evaluated proficiency level).



In the present study, the aim is to fill a gap regarding cross-modal fluency research by examining
the fluency profiles of university students that produced spoken and written samples in their L.1
(Finnish) and L2 (English). We compare the participants’ fluency profiles in their L1 and L2

writing and speech to reveal idiosyncratic patterns that are user-specific (Peltonen 2018).

The following research questions guide the present study:
(1) What kinds of fluency profiles can be identified from spoken and written productions?

(2) What kinds of differences and similarities exist between L1 and L2 profiles?

3 Methodology

To study individual language users’ way of speaking and writing both in their L1 (Finnish) and L2
(English) and to recognise fluency profiles across spoken and written production by the same
individuals, we combined data from two larger research projects on spoken (Fluency and
Disfluency Features in L2 Speech, FDF2) and written fluency (KISUVI).! We identified 11
university students who participated in both projects, and the following analysis is based on their
productions. Both production tasks were performed in test environments; the spoken task contained
a freely produced short monologue, and the written task was a short spontaneously written
argumentative text with no extra tools (e.g., dictionaries). In both cases, the participants could only

rely on their mental lexicon and acquired vocabulary and structures in the L1 and L2.

3.1 Data collection

The spoken and written data were collected at a university in Southern Finland in 2021 and 2022
following the EU’s General Data Protection Regulation (GDPR) and with consideration for the
anonymity of the students. The participants gave their informed consent to participate in the
respective studies. Background information used in this report is based on the 2022 data collection.

Figure 1 illustrates the study procedure combining the two projects in a flowchart.

! Fluency and Disfluency Features in L2 Speech (FDF2) is funded by the Research Council of Finland (2020-2024),
The project is led by the Research Group FlowLang (https://sites.utu.fi/flowlang/) and focuses on fluency and
disfluency in second language speech. The KISUVI project is funded by Kone Foundation (2022-2025) and focuses on
multilingual writers’” writing processes and especially on formulaic sequences and fluency patterns in writing
(https://sites.utu.fi/kisuvi/en/).
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Figure 1: The study procedure combining the two projects (Data studied in the present article are in

bold).

The 11 participants were native Finnish-speaking university students studying language subjects
(median age 23; 5 females, 5 males and 1 did not want to say). All participants were advanced
English users, either having spent a relatively long time abroad (n = 5) and/or studied English at
university level (n = 9). On average, the participants had studied English at school for 10 years (SD
= 1.57). Five participants self-evaluated their written proficiency as good (B1/B2 in the CEFR) and
six as excellent (C1/C2 in the CEFR). In Finland, English is studied by over 90% of learners as
their first L2. While we focus on L1 Finnish and L2 English in the present study, overall, the
participants can be considered multilingual, as their language repertoires included one to three L2s
in addition to their L1. The participants’ data were anonymised and coded (participants IDs 2007—
2017).

The spoken data collection for the FDF2 project was executed in the university’s language and
computer laboratories, and the participants performed the tasks in both their L1 and L2 English.
Freely produced monologue speech samples were based on two similar comic strip prompts with six
pictures. There was no time limit, and the participants had two minutes of planning time before the
task. The task was to tell the story in their own words. The cartoon strips and the order of languages
(L1 and L2) were counterbalanced (for more on the procedure, see Peltonen et al. 2024).
Furthermore, the receptive vocabulary test LexTale (see Lemhofer & Broersma 2012 for the test
and its validation) was used to assess the participants’ overall L2 proficiency level, indicating that

nine participants (89.8%) represented the C1/C2 level and two the B2 level.



The speech samples were transcribed and double-checked by research assistants. The speech
analysis software Praat (Boersma and Weenink 2018) was used for fluency analyses: SPs were
identified with a script (De Jong and Wempe 2009) and checked by research assistants. The
research assistants also annotated the repair phenomena, followed by checks by the FDF2 project
researchers. Relevant information was extracted with a script (Lennes 2002) from the Praat
annotations and used as the basis for fluency measurement calculations. Frequency-based fluency
measures were standardised per minute of speaking time (excluding SP time), following a common

practice in the field (De Jong 2016).

The written data were collected and analysed with the keystroke logging software GenoGraphiX-
Log (GGXLog; Caporossi and Leblay 2015).? The data are a part of the KISUVI project, a larger
body of research on writing fluency and the use of multiword sequences. The participants wrote an
argumentative text both in L1 and L2; the topics, “Working beside studying” (L1) and “Opinion on
student exchange” (L2), were chosen for their familiarity to the participants so that they could write
a short argumentative text without any extra means such as dictionaries. The task was conducted in
the university language and computer laboratories for 30 minutes each. The order of the languages
was counterbalanced in the test (for more on the procedure, see Mutta et al. accepted; see also
Figures A.1 in the Appendix for examples of the software outputs). Furthermore, the written texts
were evaluated by two project researchers, who assessed the texts separately according to the CEFR
scale (Council of Europe 2001). A third evaluator was available in case of disagreement. All the

texts were evaluated on levels B1-C2 with the result: B1 (1), B2 (5), C1 (4) and C2 (1).

3.2 Fluency and productivity measures and data analysis

To study profiles, we need to define which objective measures from the fluency-disfluency
continuum are comparable for cross-modal examination. There is no ready-made list of features to
be studied, as to our knowledge, there are no previous studies where these two modes have been

combined in analysis.

To identify and compare fluency profiles, we defined multiple measures in spoken and written

production that could be considered comparable with respect to conventional aspects in fluency

2 The GenoGraphiX-Log 2.0 (GGXLog) is a keystroke logging software which is a collaborative development between
HEC Montréal, University of Turku, ITEM and GERAD. This project is mainly focused on combining text genetics and
graph-theory with keystroke logging in writing studies (https://www.ggxlog.net).



studies. We did not use more detailed revisions measures, which have been used, for instance, to
study differences between immediate, distant, and end revisions (Xu 2018: 109—110), as in spoken
language the revision is always immediate. Instead, we relied on values, such as percentage of
deleted characters and product to process ratio, indicating how much deletion has occurred during

the writing process. We chose 14 comparable spoken and written fluency measures:

Spoken fluency
e Duration of production (total time)
e Speaking time (ST; total time excluding SPs)
e Syllable count
e Syllables / minute of total time (speech rate)
e Mean length of utterance (MLU; syllables / number of utterances)
e Silent pauses (SP; min. 0.25 sec.) / minute of ST

e Repair / minute of ST

Written fluency
e Duration of production (total writing time)
e Word count
e Words per minute
e Mean length of bursts (overall)
e Pause time (% of cognitive pause > 2 seconds)
e Deletions (percentage of deleted characters)

e Product to process ratio

In spoken language, we examined both the overall productivity and speech fluency measures that
have commonly been applied in research literature. In addition to the so-called “pure” fluency
measures, we included three overall production measures in our analysis — duration of production,
syllable count, and speaking time — to contextualise the fluency measurements and to give an
overall estimate of the productivity of the speakers (cf. writing fluency measurements below). The
two fluency measures, speech rate and mean length of utterance (MLU, where an utterance was
defined as a speech segment between silent pauses of a minimum of 0.25 seconds in duration),
represent composite measures combining the speed and breakdown fluency dimensions. The two
disfluency measures, silent pauses (minimum duration 0.25 seconds, no maximum duration) and

repair per minute of speaking time, then again, represent the breakdown and repair dimensions,



respectively. When analysing the fluency measures in spoken production, the values from each
participant were considered in relation to the other participants’ values: fluency/productivity is
considered higher when the values are above the group average for duration of production, syllable
count, speaking time, speech rate, and mean length of utterance, or below the group average for
silent pauses and repairs. However, it should be noted that repair phenomena are less
straightforwardly linked with fluency/disfluency than the other measures (see, e.g., Peltonen et al.

2024).

In written data, comparable measures were selected (the corresponding spoken fluency measure in
parentheses): time of writing process (duration of production and speaking time), word count
(syllable count?®), words per minute (speech rate) and mean length of bursts (mean length of

utterance); for pause time, the percentage of cognitive pauses > 2 seconds (silent pauses); for repair
(i.e. revision), percentage of deleted characters and product to process ratio (repair per minute of
speaking time). Similarly to the spoken fluency analysis, the written fluency values were considered
in relation to the other participants’ values: fluency is considered higher when the values are above
the group average for number of words, words per minute, and long burst length, or below the
group average for time of production, percentage of cognitive pauses, and product to process ratio.
The identified profiles (see Section 4.2) were also compared to participants’ proficiency levels, that
is, to the LexTale and CEFR values, to see if there was a relationship between these phenomena.

The analysis was mainly qualitative, with quantification based on descriptive statistics.

4 Results

To address the two research questions examining the nature of fluency profiles in spoken and
written productions and differences and similarities between the L1 and L2 profiles of the
participants, we first provide descriptive values of the two data sets. Then we present the speaking
and writing fluency profiles identified on the basis of the measures presented above (see Section

3.2).

4.1 Descriptive data based on spoken and written samples

3 While word count in speech could be viewed as a more straightforward point of comparison for word count in writing,
due to the typological differences between L1 Finnish and L2 English, syllables were preferred in the analysis of spoken
data (for further discussion, see, e.g., Peltonen 2018).



Based on the above-mentioned productivity and fluency measures, we calculated the mean values in

the spoken and written data in the L1 and L2. Table 1 demonstrates an overview of the spoken data.

Table 1: Mean values (range in parentheses) of the spoken data in the L1 and L2.

Lang. Length of Speaking  Syllable  Speech Mean Silent Repair /
production  time (total count rate length of  pauses/  minute of
(total time)  time (Syllables utterance  minute of speaking
excluding /minute  (syllables/ speaking time
SPs) of total number of time
time) utterances)
L1 (Fi) 67.68 43.46 241 215.70 9.95 36.87 3.76
(22.05- (19.36- (89-445) (123.78-  (4.56- (9.30- (0-8.25)
124.62) 73.27) 295.72) 22.25) 54.12)
L2 (En) 75.20 48.28 185 145.95 6.07 37.07 4.18
(21.90- (18.32- (56-322) (108.04-  (3.50- (22.39- (0-17.58)
131.25) 73.11) 208.93) 10.40) 56.48)

Note: Length of production is indicated in seconds. Range in parentheses shows the minimum and maximum values in
the data. SP = silent pause.

The overall production measurements for the L1 and L2 speech samples demonstrate that, on
average, the participants produced somewhat longer samples (duration of production) and spent
somewhat more time speaking in their L2 English compared to L1 Finnish. In contrast, more
syllables were produced in the L1 samples. Of the fluency measures, speech rate was higher in the
L1 Finnish samples and, similarly, the MLU, on average, was higher in the L1 samples, indicating
longer utterances in the L1. This is potentially related to the morphological structure/linguistic
typology of the Finnish language (agglutinative language), where words are longer. The
standardised frequencies of silent pauses showed little difference, on average, across L1 and L2
speech. Finally, repair phenomena were used somewhat more frequently in L2 English, but the

difference in means across the two languages was relatively minor.

Table 2 illustrates the individual values of the L1 Finnish speech samples.

Table 2: Individual values of spoken data in L1.

ID Length of Speaking  Syllables Speech MLU SPs Repair
production  time rate

2007 93.81 73.27 445 284.62 13.48 26.20 0.82

2008 42.88 30.78 143 200.09 8.41 31.19 3.90

2009 57.01 37.53 281 295.72 13.38 31.98 4.80

2010 80.98 57.85 356 263.78 12.28 30.08 4.15

2011 73.36 47.31 243 198.75 6.39 48.19 2.54



2012 53.09 29.08 138 155.97 6.00 45.39 8.25

2013 41.74 28.34 163 234.31 9.06 36.00 6.35
2014 79.81 45.52 249 187.20 6.38 50.09 3.95
2015 124.62 72.45 387 186.33 7.30 43.06 6.63
2016 75.14 36.58 155 123.78 4.56 54.12 0.00
2017 22.05 19.36 89 242.20 22.25 9.30 0.00

Note: Length of production is indicated in seconds. MLU = mean length of utterance, SP = silent pause.

As illustrated in Table 2, the most productive and fluent participant based on L1 speech was
participant 2007: the three productivity measures were above the group average, speech rate was
faster and MLU longer than average, and the participant produced fewer SPs and repairs than the
participants on average. Participant 2009 can also be considered among the most fluent speakers in
their L1, as their speech rate and MLU were clearly above the group average and SPs below
average (repairs slightly above average). Overall, it should be noted that several of the measures
demonstrate substantial variation across individuals. Table 3 shows the individual values of spoken

data in L2.

Table 3: Individual values of spoken data in L2.

ID Length of Speaking  Syllables Speech MLU SPs Repair
production  time rate

2007 89.60 73.11 312 208.93 10.40 23.80 1.64
2008 21.90 18.32 56 153.41 7.00 22.93 0.00
2009 131.25 68.41 322 147.20 6.19 44.73 3.51
2010 79.74 54.48 225 169.29 7.03 34.14 441
2011 55.84 40.83 147 157.95 7.00 29.39 1.47
2012 103.98 63.07 246 141.94 5.35 42.81 0.00
2013 42.03 27.31 90 128.48 4.29 43.95 17.58
2014 73.06 47.65 188 154.39 5.37 42.81 8.81
2015 113.73 65.41 242 127.67 5.15 42.20 0.00
2016 69.97 38.24 126 108.04 3.50 56.48 1.57
2017 46.03 34.31 83 108.19 5.53 24.48 6.99

Note: Length of production is indicated in seconds. MLU = mean length of utterance, SP = silent pause.

As can be seen from Table 3, the individual values reveal, again, that participant 2007 was also
among the most productive and fluent participants in their L2 production: the production duration
and speaking times were above the group averages, and they produced more syllables. Speech rate
was also higher and MLU longer, coupled with fewer SPs and repairs than the group average. In
contrast to the L1 production, based on the L2 productions, participant 2010 can be included among
the most fluent participants: they produced a sample longer than the group average, with longer

speaking time and more syllables. Furthermore, their speech rate was higher and MLU longer than



the group average. They also produced fewer SPs, and repairs were close to the group average.
Notably, one of the fastest speakers in L1, participant 2009, was close to average fluency according
to their L2 production and, in particular, the measures of speech rate and MLU. However, it should
also be noted from the L2 productions that there was substantial individual variation associated with

certain fluency measures, especially the repairs, similarly to the L1 productions.

For comparison of the participants’ language production in different modes, Table 4 illustrates the

mean values of the written data in L1 and L2.

Table 4: Mean values of the written data (range in parentheses) in L1 and L2.

Lang. Writing time  Word Word  Mean Percentage Deletions Product
count count/ burst of (percentage to
minute  length cognitive  of deleted process
(overall) pauses (vs. characters)  ratio
session
duration)
L1 (Fi) 24:22 315.55 13.34  21.15 41.50 17.46 0.83
(18:09- (244-476)  (9.22-  (15.85- (20.08- (8.29-25.02) (0.75-
29:42) 25.16)  30.23) 59.71) 0.92)
L2 (En) 26:17 428.55 16.70 17.24 42.03 17.46 0.82
(20:31- (310-653) (11.04- (11.23- (21.96- (8.34-28.72) (0.71-
29:59) 27.84) 23.02) 56.12) 0.96)

Note: Duration of production is indicated in minutes and seconds. Range in parentheses shows the minimum and

maximum values in the data.

In the written data, there is not much difference between L1 and L2 writing, except that the
participants wrote more words in L2 English and the mean burst length was longer in L1 Finnish
than in L2 English. This is partly due to linguistic differences (i.e., typologically different
languages) as words are longer in Finnish, but also the length of bursts is generally longer in L1
than in L2 (Spelman Miller et al. 2008). The measures are, therefore, surprisingly similar in both
languages, which might be related to the participants’ English language proficiency and the
presence of English in their everyday life. Table 5 illustrates the individual values in L1 written

production.

Table 5: Individual values of written data in L1.

ID  Writing Word  Word Mean Percentage of Deletions Product to
time count count/  burst cognitive pauses  (percentage of  process
minute length (vs. session characters) ratio
duration)

(overall)




2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

25:58
26:10
18:09
27:02
20:28
23:49
28:03
22:48
26:57
29:42
18:55

251
307
244
346
311
314
361
257
330
274
476

9.66

11.73
13.43
12.80
15.19
13.18
12.87
11.26
12.24
9.22

25.16

19.40
17.47
22.74
23.52
25.14
21.48
19.24
16.39

15.85
30.23

58.11
57.79
27.70
32.39
37.89
46.39
28.43
47.16
40.85
59.71
20.08

17.30
22.37
19.69
25.02
7.76

13.50
18.47
22.05
22.56
15.05
8.29

0.83
0.78
0.80
0.75
0.92
0.86
0.82
0.78
0.79
0.85
0.92

Note: Duration of production is indicated in minutes and seconds. The mean burst length value is missing for participant

2015 due to technical failure in the log file.

As seen from Table 5, the results show that the two most fluent writers in L1 were participants 2011

and 2017. They wrote a great number of words in relation to time spent on writing, had longer

bursts, and deleted fewer words than the others. It should be noted that there is no mean burst length

available for participant 2015 due to a technical failure in the log file. To compare these results with

the participants’ production in L2, Table 6 presents these same values with the evaluation according

to the CEFR scale.

Table 6: Individual values of written data in L2.

ID  Writing Word Word  Mean Percentage of Deletions Product CEFR
time count count/  burst cognitive (percentage to
minute  length pauses (Vvs. of characters) process
(overall)  session ratio
duration)
2007 25:36 367 14.33 16.48 49.41 24.27 0.76 C1
2008 27:31 339 12.31 - 55.57 19.61 0.80 B2
2009 20:31 467 22.75 21.98 37.21 10.68 0.89 C2
2010 28:50 452 15.67 19.41 36.09 28.72 0.71 C1
2011 20:58 415 19.79 - 36.26 8.64 0.96 B2
2012 25:21 389 15.34 17.95 44.85 12.43 0.88 B2
2013 29:48 455 15.26 14.29 37.03 15.21 0.85 B2
2014 28:04 310 11.04 11.23 56.12 25.25 0.73 B2
2015 29:05 452 15.54 16.30 32.70 21.98 0.77 Cl
2016 29:59 415 13.84 14.49 55.09 16.96 0.83 Cl
2017 23:27 653 27.84  23.02 21.96 8.34 0.89 Bl

Note: Duration of production is indicated in minutes and seconds. The mean burst length values are missing for

participants 2008 and 2011 due to technical failure in the log file. CEFR = CEFR scale (Council of Europe 2001).



Table 6 shows that, as in spoken data, there was a lot of individual variation, even if the participants
seemed quite familiar with English language use. According to the values, the most fluent and
productive writer was participant 2017. However, if we study the evaluation of the end-production
(B1 level), we can see that the content of this participant’s writing does not reach the expectations
of a higher proficiency level. On the other hand, participant 2009 was fluent and productive with an
excellent CEFR level (C2).

In Section 4.2, we present the spoken and written fluency profiles identified on the basis of the

measures and compare each participant’s cross-modal profiles.

4.2 Spoken and written fluency profiles

Based on the chosen measures, we identified four profiles in spoken production: fast and productive
speaker, fast speaker, slow and productive speaker, and slow and reflective speaker. We also
observed that repair profiles varied substantially within each fluency profile, and thus emphasised
the importance of the other fluency measures over repair measures when creating these profiles. To
give an example of categorisation of the spoken productions, participant 2011 had the following
values in L1 and L2 speech, respectively (see also Tables 2 and 3):

e Duration of production (total time in seconds): 73.36 (L1) and 55.84 (L2)

e Speaking time (ST; total time excluding SPs in seconds): 47.31 and 40.83

e Syllable count: 243 and 147

e Syllables / minute of total time (speech rate): 198.75 and 157.95

e Mean length of utterance (MLU; syllables / number of utterances): 6.39 and 7.00

e Silent pauses (SP; min. 0.25 sec.) / minute of ST: 48.19 and 29.39

e Repair / minute of ST: 2.54 and 1.47

This participant was categorised, based on group averages in L1 and L2 spoken productions, as

slow and productive in L1 but a fast speaker in L2.

Table 7 illustrates the spoken fluency profiles, their descriptions, number of speakers in each

category in L1 and L2, and the proficiency level estimate based on the LexTale scores.

Table 7: Spoken fluency profiles.
Profiles Description L1 L2 LexTale




N=11 N=11 L2

1. Fast and Produces a relatively long sample with 2 3 C1/C2
productive lengthy speaking time and many syllables
speaker (high productivity). Speaks fast (high SR)

with average to long MLUs and relatively
few pauses. Repair profile can vary.

2. Fast speaker Produces a relatively brief sample with 3 2 1 xB2
short speaking time and few syllables (low 1 x
productivity). Speaks fast (high SR) with C1/C2

average to long MLUs and relatively few
pauses. Repair profile can vary.

3. Slow and Produces a relatively long sample with 3 2 C1/C2
productive lengthy speaking time and quite many
speaker syllables (average to high productivity).

Speaks slowly (slow SR) with short MLUs
and relatively many pauses. Repair profile

can vary.

4. Slow and Produces a relatively brief sample with 3 4 1 xB2

reflective speaker  short speaking time and few syllables (low 3x
productivity). Speaks slowly (slow SR) with c1/C2

short MLUs and relatively many pauses.
Repair profile can vary.
Note: SR = speech rate, MLU = mean length of utterance.

Table 7 shows that the number of speakers in each profile varies. Our analysis revealed that six
speakers had the same profile in L1 and L2: participants 2007 and 2010 were fast and productive
speakers, 2014 and 2015 were slow and productive speakers, and 2012 and 2016 were slow and
reflective speakers in both languages. The profiles were not directly connected with the proficiency
level estimates derived from the LexTale scores: the three fast and productive speakers were all at

the C1/C2 level, but so were the two slow and productive speakers.

In writing, we identified four similar profiles: fast and productive writer, fast writer, slow and
productive writer, and slow and reflective writer. To give an example of categorisation of the
written productions, participant 2007 (C1 level) had the following values in L1 and L2 writing,

respectively (see also Tables 5 and 6):

e Writing time (minutes:seconds): 25:58 (L1) and 25:36 (L2)
e Word count: 251 and 367
e Word count / minute: 9.66 and 14.33

Mean burst length (overall): 19.40 and 16.48
Percentage of cognitive pauses: 58.11 and 49.41

e Deletions (percentage of deleted characters): 17.30 and 24.27



e Product to process ratio: 0.83 and 0.76

This participant was categorised, based on group averages in L1 and L2 written productions, as
slow and reflective in L1 but a fast writer in L2. Table 8 demonstrates the profiles, their
descriptions, the number of writers in each category in L1 and L2, and finally the writers” CEFR

proficiency levels.

Table 8: Written fluency profiles.

Profiles Description L1 L2 CEFR
N=11 N=11 L2
1. Fast and Productive in a fairly short time. Writes 2 3 B1
productive writer  quickly, produces a lot of text and has long B2
bursts. There are few corrections and C2
pauses.
2. Fast writer Writes quickly but is not very productive. 3 2 B2
Bursts are of average length and the number C1

of pauses is higher than the average. The
number of revisions varies.

3. Slow and Writes slowly but is productive and has long 2 3 1 xB2
productive writer ~ bursts. There are few pauses and lengthy 2xCl
revisions.
4. Slow and There are a considerable number of pauses 4 3 2x B2
reflective writer and lengthy revisions, and therefore the 1xCl1
output is scarce, even though a lot of time is
spent.

Note: CEFR = CEFR scale (Council of Europe 2001).

Table 8 reveals that the number of writers in each profile varies. Our analysis revealed that seven
writers had the same profile in L1 and L2: participants 2011 and 2017 were fast and productive
writers, participant 2012 was a fast writer, participants 2010 and 2013 were slow and productive
writers, and participants 2008 and 2016 were slow and reflective writers in their L1 and L2
productions. The other writers were assigned to different categories: 2009 was a fast writer in L1
but fast and productive in L2, 2007 was slow and reflective in L1 but a fast writer in L2, and 2015
was slow and reflective in L1 and slow and productive in L2, whereas 2014 was a fast writer in L1
but slow and reflective in L2. These results show that the writers were often faster and more
productive in L2 than in L1. When comparing these profiles to the proficiency levels, it is
noteworthy that all fluency profiles include participants from all proficiency levels, and that
participant 2017 is a fast and productive writer with the lowest proficiency level (B1) in the group.

Some writers seem to have a more fluent writing profile in L2 than L1 (e.g., 2007 and 2009).



When we compare the speaking and writing fluency profiles, the same participants are not always
fast and productive, which might be due to the mode-specific production characteristics. However,
we found three cross-modal profiles in L1: participants 2008 and 2016 were slow and reflective and
2015 was slow and productive in both speaking and writing. We also identified three cross-modal
profiles in L2: 2009 was fast and productive, 2015 was slow and productive, and 2016 was slow
and reflective in both modes. Participants 2015 and 2016 shared a similar speaking profile across
their L1 and L2, but only 2016 also had the same writing profile in L1 and L2. This means that only
one participant, participant 2016, had the same cross-modal profile in L1 and L2: slow and
reflective speaker and writer. Participant 2015, on the other hand, had the same profile in L1 and L2
speaking and L2 writing (slow and productive), but in L1 they were a more reflective writer. These
participants had a high proficiency level in speaking (LexTale C1/C2) and writing (CEFR level C1).
They seem to have clear personal styles of speaking and writing, which might be related to high
language proficiency or relative ease in language use. However, based on our exploratory analysis,

it seems that, overall, cross-modal similarities in fluency profiles were relatively rare.

5 Discussion and conclusion

In this exploratory study, we analysed cross-modal fluency profiles in spoken and written L1
(Finnish) and L2 (English) language production of the same 11 university students. In general,
fluency studies concentrate only on spoken (Lennon 1990; Lintunen et al. 2020a; Segalowitz 2010;
Skehan 2014; Tavakoli and Hunter 2018) or written fluency (Cislaru and Olive 2018; Kowal 2014;
Mutta 2020). The present study aimed to fill the existing gap in research regarding language users’
cross-modal fluency to understand the comprehensive picture of individual language production in
L1 and L2 (Li et al. 2022; Peltonen and Lintunen 2016). We combined aspects of spoken and

written fluency studies and chose comparative measures to identify fluency profiles.

The findings from the present study resonate with other studies on spoken and written fluency.
Based on previous studies (on spoken fluency, see, e.g., De Jong 2016; Foster and Skehan 1999;
Tavakoli et al. 2020; on written fluency, see, e.g., Baaijen and Galbraith 2018; Cislaru and Olive
2018; Ellis and Yuan 2004; Gunnarsson-Largy 2012; Mutta 2020; Roca de Larios et al. 2016), we
chose 14 comparable spoken and written fluency measures, situated on a continuum from fluency to

disfluency, to examine fluency comprehensively across the two modes. The measures were based



on process- and product-oriented approaches, which are intertwined in spoken language due to the
characteristics of the mode. The measures have commonly been used to study overall productivity
and time-related fluency in the respective fields. Despite our aim to select as comparable measures
as possible, it should be noted that due to the inherent differences between the two modes, some
spoken and written fluency measures are more closely linked than others. For instance, as the
treatment of (silent) pauses followed the respective traditions of speaking and writing fluency
research, this resulted in somewhat different operationalizations of pause measurements in the
present study. We hope that our exploratory examination will spark further research in the field,
including methodological discussion on the comparability of measurements used in spoken and

written fluency research.

In creating spoken profiles, we observed great variation in relation to repair profiles (as reported
also in Peltonen et al. 2024 examining a larger sample of the FDF2 project data), and therefore
emphasised other measures when identifying the profiles. Based on the analysis, we identified four
spoken and written fluency profiles: fast and productive, fast, slow and productive, and slow and
reflective. Six speakers had the same profile in L1 and L2, and seven writers had the same profile in
L1 and L2. Our findings revealed that there were no distinctive cross-modal patterns, except for one
participant who had the same profile across modes and L1 and L2 productions. The results,
therefore, suggest that the difference across modes is greater than between languages. The inherent

difference between the modalities also affects the individual variation across the participants.

The participants’ proficiency level was quite high according to the LexTale overall measure - nine
participants on the C1/C2 level and two on the B2 level — whereas the writing proficiency level,
based on CEFR assessments of the texts, was more varied (between B1-C2). The analysis showed
that the fluency profiles in production were not linearly linked to the proficiency levels. For
instance, participant 2017 was a fast and productive writer in L1 and L2 and a fast speaker in L1,
but a slow and reflective speaker in L2, despite representing a lower proficiency level compared to
many other participants (LexTale B2 and CEFR level B1). This result is in line with findings of
earlier studies (e.g., Dumont 2018; Mutta 2020). Based on our analysis, fluency profiles seem to be
subject to influence from both user-internal and user-external variables (Lintunen et al. 2020b;
Olkkonen et al. 2024), which also have an impact on affecting cross-modal fluency profiles. While
we did not relate the profiles systematically to all background information or the anxiety

questionnaire data (see Szyszka and Lintunen 2023; Szyszka et al. 2024) collected in the two



projects, further studies could examine the effects of various user-internal and user-external

variables on fluency profiles in the future.

While our study can be considered pioneering in having combined L1 and L2 data from the same
participants in two modes, speaking and writing, some limitations of present study should be
acknowledged. First, the number of participants that participated in both projects and, thus, could be
selected for the present study is relatively small, allowing only for a qualitative examination
focusing on individual differences. In the future, the tendencies discovered here regarding the
relatively rare combinations of cross-modal and cross-linguistic profiles should, ideally, be
confirmed with larger samples and other L1-L2 combinations to enhance the reliability of the
fluency profile categorisation. In addition, other speaking and writing tasks could be used to explore
the extent to which the findings obtained with our two tasks can be extended to other task types.
Furthermore, while we used a relatively comprehensive and versatile set of measurements, informed
by previous research on written and spoken L2 fluency, the chosen measurements were limited to
seven measures in each modality. Our set of measurements should, ideally, be validated in future
research focusing on other learner populations and contexts, and the set of measurements could
even be complemented with other measures in future studies, for example, by including detailed
pause location analysis. Furthermore, alternative analytical approaches, such as a cluster analysis,
could be considered to complement our qualitative approach to potentially provide more defined

categories of the fluency profiles (see, e.g., Dumont 2018; Olkkonen et al. 2024).

To conclude, our findings add a more comprehensive approach to fluency studies by examining
fluency profiles across spoken and written production by the same users of L2 English at the
university level. The results can enhance an understanding of individual differences and similarities
between these users in a Finnish context but can also generate pedagogical implications for various
educational environments. While especially in quantitative fluency research learners tend to be
divided into “fluent” or “disfluent” speakers or writers, our study shows that the same participants
can exhibit quite varying profiles depending on the language or mode they are using. In pedagogical
contexts, it is, therefore, important to acknowledge learners’ different profiles when developing
writing and speaking skills, and embrace individual variation as a strength, rather than as a

weakness.

Appendix



The following screenshot from the software (GGXLog) illustrates the outputs of the writing
process. To learn more about the analyses, see for instance Mutta et al. (sub.).

The screenshot in Figure A.1 illustrates the GGXLog editor window with a progressive graph at the
beginning of the text, the written text so far (produced text) and its linear version. This participant
makes only a few corrections at this point. In the linear text, the numbers in angle brackets indicate
the length of pauses in milliseconds, and in the visualisation, green nodes represent pauses, red
nodes insertion of text, and yellow and blue nodes represent removed text and deletion,

respectively.

Session Replay | Progressive Graph X

o Settings O Process + Export 1< ) 310

19

Enriching your time in university through student exchange

Student exhange has been around for years already, and for a good reason. It is an amazing opportunity to widen your view of the world, gain new friends worldwide and learn your area of stud
thourgh the eyes of a foreigner.

Linear text:

<MOUSE EVENT><6721>Enruching <BACKSPACE7>iching your time in university through student
exchange<RETURN><RETURN><9248>Student exhange has been around for years already.
<BACKSPACE2>, and for a good reason. It is an amazing oppp<BACKSPACE>ortunity to widen your
view of the world, gain new friends worldwide and <19393>learn your area of study thourgh the eyes of a
foreigner.

Produced text:
Enriching your time in university through student exchange

Student exhange has been around for years already, and for a good reason. It is an amazing
opportunity to widen your view of the world, gain new friends worldwide and learn your area of
study thourgh the eyes of a foreigner.

Figure A.1: GGXLog editor window with the progressive graph process, the linear text, and the
produced text in the beginning of the writing (ID 2010, C1).
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