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ABSTRACT

This paper explores what the measures of utterance fluency typically
employed in Automatic Speech Evaluation (ASE), i.e. automated speak-
ing assessments, tell us about oral proficiency. 60 Chinese learners of
English completed the second part of the speaking section of IELTS
and six tasks designed to measure the linguistic knowledge and
processing assumed to underpin second language speech production.
A sample of eight native speakers rated the learners’ oral productions
for functional adequacy. Analyses of the data confirm: (1) articulation
rate, mid-clause pause frequency, and repetition frequency predict
functional adequacy, (2) breadth of lexical knowledge is the main
predictor of articulation rate as well as functional adequacy, (3)
speed of syntactic processing predicts end-clause pause duration
and speed of lexical processing predicts mid-clause pause duration,
and (4) measures of utterance fluency together account for 60% of the
variation in functional adequacy scores. These findings suggest that
articulation rate best reflects overall functional adequacy. Moreover,
other measures of utterance fluency reflect different areas of under-
lying knowledge and processing, opening up the possibility of auto-
mating diagnostic speaking tests.

INTRODUCTION

As a result of recent advances in artificial intelligence and natural language processing,
automated assessment is becoming a reality (Alexander et al., 2019), and there is growing
interest in the development of summative and formative automated speaking tests.
Examples of summative automated speaking tests include the Pearson PTE Academic,
which is based on the Versant scoring model (Bernstein & Cheng, 2008), and Educational
Testing Service’s (ETS) Test of English as a Foreign Language internet-Based Test (TOEFL
iBT), which is based on the SpeechRater model (Zechner et al., 2009), among others (see
Chen et al., 2018 for a review). Examples of software which provide formative feedback on
speaking include ELSA Speak (www.elsaspeak.com) and Speechace (www.speechace.com).
The potential these tests offer to reduce costs and increase the reliability of testing is highly
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attractive (Ginther et al., 2010; Wang et al., 2018). It is, however, necessary to critically
examine these tests because they are typically based on stochastically derived scoring
models which rely on a limited range of ‘linguistic’ features - typically a range of measures
of speed (i.e. speech rate) and breakdown fluency (i.e. pausing behavior) along with
a measure of accentedness (goodness of pronunciation), a measure of lexical diversity and
a measure of grammatical accuracy. It is therefore important to understand the extent to
which measures of utterance fluency (temporal features of utterances including speed,
pausing and repair) reflect overall oral proficiency (the ability to use the spoken language
to communicate effectively in real-world situations), and what they represent in terms of the
linguistic knowledge and processes that underpin speech production. While a number of
studies have attempted to establish the concurrent (e.g. Bridgeman et al., 2012), predictive
(e.g. Harsch et al.,, 2017) and consequential validity (e.g. Farnsworth, 2013; Xi, 2007) of
automated speaking tests such as TOEFL iBT, few studies have explored the construct
validity (Kane, 2006; Williamson et al.,, 2012). Notable exceptions include Hsieh et al.
(2019), Wang and Evanini (2019) and Yoon et al. (2019). These studies are, however,
restricted to judgmental evaluations of the fit between the features upon which
Automatic Speech Evaluation (ASE) models are based and the construct of interest, i.e.
speaking quality and, few if any, empirical evaluations of the construct validity of ASE
models have been conducted (Kane, 2006; Williamson et al., 2012).

Of the aforementioned ‘linguistic’ features, measures of utterance fluency have long
featured in ASE scoring models (Bernstein et al., 2000) and continue to receive a high
weighting compared to other measures (e.g. Higgins et al., 2011; Zechner et al., 2009).
Concerns have, however, been raised about the validity of relying on measures of utterance
fluency. First, native speakers vary considerably in their speech rate and their patterns of
pausing and hesitation (De Jong, 2018). Second, learners report that they speak as quickly as
possible without paying attention to meaning when using such systems (Xi et al., 2016). This
paper contributes to the development of validity arguments for automated speaking tests
(Bernstein et al., 2010) by exploring the concurrent and construct validity of measures of
utterance fluency compared with measures of oral proficiency. This is achieved through
a conceptual replication of Ginther et al. (2010) exploration of the relationship between
measures of utterance fluency and scores on Purdue’s Oral English Proficiency Test (OEPT)
and de Jong et al.’s explorations of the componential structure of oral proficiency (De Jong
et al., 2012) and oral fluency (De Jong et al.,, 2013). A conceptual replication is a study which
attempts to verify the findings of a previous piece of research using a different research design
or instruments to the original study (Porte, 2012). With the aim of establishing whether the
findings of Ginther et al. (2010) and De Jong et al (2012, 2013). generalize to other language
pairs, the replication reported here focuses on Chinese learners of English and is novel in its
use of productive measures of the linguistic knowledge and processing that underpin speech
production, including tasks developed for the specific purposes of this study.

LITERATURE REVIEW
Automatic speech evaluation (ASE)

ASE involves three main processes: (1) speech recognition, (2) feature extraction, and (3)
grading. First, the speech recognizer generates a transcription of the speech produced by
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the learner. This transcription is aligned with the audio and annotated with scores
indicating how confident the recognizer is that a particular phone, word, or utterance
has been correctly recognized as well as the results of lexical and syntactic analyses.
From this transcription, a range of features of the learners’ speech are then extracted.
These include measures of utterance fluency, such as speech rate and average pause
duration, measures of goodness of pronunciation, such as phone likelihood, and mea-
sures of the lexical and grammatical profile of the learners’ productions, including lexical
diversity and grammatical accuracy (Chen et al., 2018; Higgins et al., 2011; Wang et al,,
2018; Zechner et al., 2009).

The grader or scoring model is a key component of the system and is developed by
training an algorithm to predict human ratings from the acoustic and linguistic
features extracted from learner productions on a corpus of rated learner productions
(Wang et al., 2018; Zechner et al., 2009). Measures of fluency have long featured in
such scoring models (Bernstein et al., 2000) and continue to be a core component
(Chen et al, 2018; Ginther et al., 2010; Wang et al., 2018; Zechner et al., 2009).
A wide range of different measures of utterance fluency have been considered in the
development of such systems, including novel measures not seen in the wider Second
Language Acquisition (SLA) literature in which fluency is measured (e.g. the task-
based language teaching and study abroad literature). These include the standard
deviation of silent pause duration and the standard deviation of chunk length
among others (see Table 1). It’s worth noting that none of the specific measures of
utterance fluency have been adopted by all three models (see Table 1). Therefore,
building validity arguments for objective fluency measures and their relationship with
oral proficiency merits further consideration.

Oral proficiency (functional adequacy)

The measures of oral proficiency adopted by international standards (e.g. Magnan, 1988
cited in Iwashita et al,, 2008) and popular language examinations (e.g. Iwashita et al,,
2008) are typically based on asking human raters to provide a holistic score as well as
the scores for a number of sub-components of proficiency, including among others
vocabulary/expression, grammar, pronunciation/accent, accuracy, fluency, appropriate-
ness, and comprehension/intelligibility (see Iwashita et al., 2008). Those working on
SLA, on the other hand, tend to operationalize oral proficiency through CAF (Kuiken &
Vedder, 2018), i.e. Complexity (elaborated language), Accuracy (error-free language),
and Fluency (language produced in real-time; Ellis & Barkhuizen, 2005). Prioritizing an
L1 point of reference over comprehensibility, it might be argued that both approaches
focus on nativelikeness rather than the primary goal of most language learners, com-
municative or functional adequacy (De Jong et al., 2012; Révész et al., 2016), where
communicative/functional adequacy refers to the ability to communicate successfully in
real-world contexts. For this reason, some working in the field of language testing argue
that assessment criteria ought to be based on insights from naive speakers’ ratings of the
informativeness and comprehensibility of learner productions because linguists and
language teachers “would find it almost impossible to ignore ... errors in grammar,
lexis and pronunciation” (De Jong et al., 2012, p. 15).
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Table 1. Candidate measures of fluency for ASE scoring models.
Dimension of fluency PTE Academic’ TOEFL iBT? Cambridge®

Speed Words per minute/second* X X
Words per minute/second of speech time® X X
Mean phone(me) duration® X
Median phone(me) duration
Standard deviation phone(me) duration
Mean absolute deviation phone(me) duration
Breakdown Total pause time X
Filled pauses per minute/second
Silent pauses per minute/second
Long’ silent pauses per minute/second
Silences per 100 words
Long silences per 100 words
Mean silent pause duration X
Median silent pause duration
Standard deviation silent pause duration
Mean absolute deviation silent pause duration
Mean long silent pause duration
Median long silent pause duration
Standard deviation long silent pause duration
Mean absolute deviation long silent pause duration
Mean chunk length in words
Mean deviation chunk length in words
Mean chunk length in minutes/seconds
Mean deviation chunk length in seconds
Repair Disfluencies per minute/second X
Repetitions per 100 words

X X X X X
> > xX X X X

X X X X X X X X

X X X X

>

Wersant model (Bernstein et al., 2011)

2SpeechRater model (Zechner et al., 2009)

3GP grader (van Dalen et al., 2015)

“l.e. speech rate measured in words, equivalent to mean word duration.

®l.e. articulate rate measured in words.

®Equivalent to articulation rate.

A long silence refers to a silence that is greater than .5 seconds in duration (Zechner et al., 2009).

Oral fluency

As mentioned above, fluency as a component of oral proficiency refers to the speed and
smoothness of learners’ oral productions. Fluency thus defined has been explored from
three different perspectives: (i) cognitive fluency, i.e. the efficiency of the processes
thought to underpin oral proficiency, (ii) utterance fluency, i.e. the (temporal) features
of utterances which are thought to reflect cognitive fluency, and (iii) perceived fluency,
i.e. what inferences listeners make about cognitive fluency based on utterance fluency
(Segalowitz, 2010).

ASE scoring models are normally based on measures of utterance fluency (Bernstein
et al.,, 2011; Chen et al,, 2018; Wang et al., 2018; Zechner et al., 2009). In the mainstream
applied linguistics literature, these measures have been classified into measures of (1) speed
fluency, i.e. rate of delivery, (2) breakdown fluency, i.e. the extent of interruptions, and (3)
repair fluency, i.e. the number of self-corrections and repetitions (Segalowitz, 2010, p. 165).
Further to this, Bernstein et al. (2011) on automatic speaking assessment distinguish
structural fluency, e.g. clauses per minute and cohesives per minute, from phonological
fluency, e.g. mean pause time and phones per minute. Of these various measures of
utterance fluency, ASE scoring models normally rely on a selection of measures of speed
fluency and breakdown fluency (see Table 1).
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Broadly speaking, measures of utterance fluency are believed to reflect the ease and
efficiency with which the processes which underpin speech production are functioning
(Lennon, 1990), i.e. automaticity (Segalowitz, 2010). Speaking fluently, at a good pace
without undue pausing and hesitation is crucial to keep listeners engaged and avoid
communication breakdown (Rossiter, 2009). The relationship between linguistic processing
and utterance fluency, however, remains little understood.

Validating the use of measures of utterance fluency as representations of oral
proficiency

Research exploring the validity of using measures of utterance fluency as representations of
oral proficiency can be classified into three types: (1) studies exploring the relationship
between analytic ratings of specific features of oral productions (e.g. vocabulary, grammar,
pronunciation and fluency) and global ratings of the same oral productions (see Koizumi
et al., 2022 for a review), (2) studies exploring the relationship between objective measures
of specific features of oral productions and global ratings of the same oral productions (e.g.
De Jong et al., 2012), and (3) studies exploring the relationship between utterance fluency
and difficulties in speech processing using introspective methods such as stimulated recall
(e.g. Kahng, 2014). While some of these studies provide support for the use of measures of
utterance fluency as reasonable representations of oral proficiency, with studies such as
Iwashita et al. (2008) and Hulstijn et al. (2012) observing that measures of utterance fluency
discriminate between different levels of proficiency and studies such as McNamara (1990)
observing that ratings of fluency explain some of the variance in global ratings of profi-
ciency, others do not (see De Jong et al., 2012). Moreover, it has been argued that studies
which explore the relationship between analytic ratings and holistic ratings of oral profi-
ciency based on the same learner productions are subject to circularity - “If one instructs
raters to pay attention to speech rate and pausing, it is likely that the resulting ratings will be
related to the objective measures speech rate and pausing” (De Jong et al., 2013, p. 896).
One project which has attempted to overcome the circularity inherent in much previous
work is the What is Speaking Project (WISP; Hulstijn & Schoonen, 2004). This project
focused on the development and validation of a Dutch speaking test and associated
assessment rubrics. There were two phases to the validation of this speaking test:

(a) Exploration of the componential structure of speaking
(b) Assessment of the discriminant validity of the hypothesized components of speaking.

The circularity inherent in assessment validation work was overcome by collecting indepen-
dent samples of learners’ oral proficiency and their linguistic knowledge and processing and
asking native speakers to rate learners’ functional adequacy, i.e. the informativeness and
comprehensibility of their speech (De Jong et al., 2012, 2013; Hulstijn et al., 2012). Reflecting
models of speech production (Kormos, 2006; Levelt, 1989, 1999; Segalowitz, 2010), indepen-
dent measures of the following dimensions of linguistic knowledge and processing were
obtained: productive vocabulary knowledge, lexical retrieval speed, productive grammar
knowledge, speed of sentence building, pronunciation skills, and speed of articulation.

With respect to the componential structure of speaking, De Jong et al. (2012) observed
a strong relationship between all dimensions of linguistic knowledge and processing
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measured and functional adequacy with the exception of speed of articulation, i.e. pronun-
ciation. Together these measures accounted for 75% of variation in functional adequacy,
with intonation (P =.34) and knowledge of vocabulary (B =.31) the strongest predictors.
Similar models were obtained for learners classified as higher and lower proficiency.
Increases in linguistic knowledge and processing, however, were found to have a greater
impact on functional adequacy for higher proficiency learners than for lower proficiency
learners.

Regarding the focus of this paper, understanding what the measures of utterance
fluency employed in ASE scoring models represent, De Jong et al. (2013) also report
a study exploring the relationship between linguistic knowledge and processing and
utterance fluency in the context of developing rubrics for use in face-to-face lan-
guage testing by human raters. This study found that linguistic knowledge and
processing accounted for between 5% (mean pause duration) and 50% (mean syllable
duration, i.e. articulation rate) of the variation in learners’ levels of oral fluency,
with linguistic knowledge and processing accounting for 22% of the variation in
number of silent pauses, suggesting that articulation rate better reflects the compo-
nential structure of speaking than mean pause duration and pause rate. Correlations
with articulation rate were strongest (i.e. > .50) for vocabulary knowledge, sentence
building, i.e. morpho-syntactic encoding, and pronunciation quality, suggesting that
articulation rate reflects vocabulary knowledge, syntactic processing, and pronuncia-
tion accuracy. Similar, but weaker, correlations with number of silent pauses were
observed. A slightly different pattern of correlations was observed in Kahng’s (2020)
replication of De Jong et al. (2013) with Chinese learners of English where lexical
retrieval speed and syntactic encoding speed most strongly correlated with mean
syllable duration, i.e. articulation rate. Differentiating between mid- and final-clause
pauses as well as filled versus silent pauses, Kahng (2020) also observed that
different measures of linguistic knowledge and processing were more strongly
related to some measures of utterance fluency than others. For example, vocabulary
knowledge was also correlated with the number of mid-clause silent pauses, with
syntactic encoding speed more strongly correlated with the number of mid-clause
silent pauses than vocabulary knowledge and lexical retrieval speed. Phrase vocabu-
lary knowledge and lexical retrieval speed, on the other hand, were more strongly
correlated with the number of mid-clause filled pauses.

Reflecting De Jong et al. (2013) insights into the componential structure of fluency,
Ginther et al. (2010) observed that articulation rate (r=.61, p <.01) was much more
strongly related to scores on the OEPT than mean pause duration (r=-.34, p <.0l).
Ginther et al. (2010), however, observed a stronger relationship between mean syllables
per run, their measure of pause rate, and scores on the OEPT (r = .72, p < .01) than might be
expected given De Jong et al. (2013) findings in relation to the componential structure of
measures of fluency.

The WISP project has made a significant contribution to the speech assessment literature
by introducing an approach that overcomes the circularity of much work designed to
understand the construct of speaking proficiency. It might, however, be considered that
De Jong et al. (2013) sentence completion task is not sufficiently productive in nature and
does not differentiate syntactic from morpho-syntactic processing. The same is true of
similar tasks in Kahng’s (2020) study.



LANGUAGE ASSESSMENT QUARTERLY 7

In conclusion, a number of studies have explored the extent to which fluency reflects
oral proficiency, i.e. concurrent and construct validity. The majority of these studies,
however, might be considered to make circular arguments (De Jong et al., 2013). The
remaining studies are also limited by a focus on exploring the relationship between
receptive rather than productive linguistic knowledge and processing. Another limitation
is the range of language pairs and proficiency levels explored. There is therefore a need
for replications which focus on productive linguistic knowledge and processing and
other language pairs.

Research questions

To address these issues, this paper replicates Ginther et al. (2010) and the WISP studies (De
Jong et al., 2012, 2013), which explore the following questions, respectively:

(1) How does utterance fluency relate to functional adequacy?

(2) To what extent do measures of linguistic knowledge and processing predict func-
tional adequacy?

(3) To what extent do measures of linguistic knowledge and processing predict utterance
fluency?

Addressing the limitations noted at the end of the literature review, productive tasks are
used to explore linguistic knowledge and processing and their relationship to fluency and
oral proficiency among a group of Chinese learners of English.

As a replication of the aforementioned studies, it is anticipated that, of the measures
of utterance fluency investigated, articulation rate will be most strongly related to
functional adequacy (Ginther et al., 2010) and that vocabulary knowledge will be
a strong predictor of functional adequacy (De Jong et al., 2012) as well as articulation
rate (De Jong et al., 2013).

METHODOLOGY

This paper is based on the baseline data (i.e. Time 1) collected in a larger study designed
to measure the impact of study abroad on oral fluency development among Chinese
learners of English (see Handley & Wang, 2018). In this study, learners were asked to
complete a speaking task and six tasks designed to tap the lexical and grammatical
knowledge and processing involved in speech production as outlined by Levelt (1999).
The time 1 data upon which this paper is based was collected shortly after the learners
had started their master’s program. The time 2 data was collected six months later. All
tasks were administered in a single session, in the order in which they are presented
below. Further to this, a sample of native speakers was recruited to rate the learners’
productions in the speaking task.

Participants

Ethical approval was obtained from the principal researcher’s departmental ethics commit-
tee. Participants were given £5 per hour compensation.
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Chinese learners

Seventy-six Chinese learners of English studying for a master’s volunteered to parti-
cipate in the study. The learners were recruited from a range of programs including
language and non-language majors in the UK and China. Data from 15 learners were
omitted from the analyses presented here, two because they did not complete
the second phase of the study, two due to missing functional adequacy ratings, and
eleven because their performances were either too noisy to generate measures of
fluency or because their scores were outliers on at least one of the measures of fluency
due to background noise interfering with the automatic calculation of fluency mea-
sures. A further participant was omitted because data was missing for the speed of
morphosyntactic processing task.

The final sample of 60 Chinese learners of English comprised 9 males and 51 females.
Their ages ranged from 20 to 28 years (mean 23.02), and the age at which they began
learning English ranged from 5 to 15 years old (mean 9.98). Based on the test scores they
provided, their CEFR level was estimated to be between B1 to B2.

Native listeners of English

A further 8 native speakers of English volunteered to rate the learner’s productions in terms
of functional adequacy. All were university students. No training was provided beyond the
task instructions.

Measures

Utterance fluency

Materials. Oral fluency in English was measured using the second part of the speaking
section of IELTS, where test-takers are given a prompt card and asked to talk about
a particular topic for two minutes (Case, 2008). As discussed above, the data reported
here form part of a larger study designed to assess the impact of study abroad on oral
fluency development. In order to eliminate potential learning effects from Time 1 to Time 2
in that study, two similar versions of the speaking task were used. In version A, learners
were asked to talk about somewhere they had been on holiday. In version B, learners were
asked to describe a journey they had been on (Case, 2008). Consequently, in this paper, half
of the learners in each context completed the ‘holiday’ task, while the other half completed
the ‘journey’ task.

Procedure. The tasks were presented on paper, and learners were given two minutes to
plan before talking on the topic for two minutes. Recordings were made using a USB
headset (Microsoft LifeChat LX-300) and the laptop’s Sound Recorder.

Scoring. Coding proceeded as follows. First, the recordings were cleaned. That is,
any off-task talk, coughs, and throat clearings were removed from the recordings
(Burchfield & Bradlow, 2014). Then, the first 60 seconds of talk was extracted from
each of the recordings. Then the recordings were coded automatically for speed and
breakdown fluency using De Jong and Wempe’s (2009) PRAAT script before hand-
coding for pause location and repairs (see Table 2 for the full range of measures that
were calculated and Foster & Skehan, 1996 for definitions of repairs including false
starts, repetitions, and hesitations).



LANGUAGE ASSESSMENT QUARTERLY e 9

Table 2. Measures of oral fluency calculated in this study and their definitions.

Dimension of fluency Measure

Proficiency/holistic Phonation time ratio’

Speed fluency Speech rate (syllables/total time)?
Articulation rate (syllables/phonation time)

Breakdown fluency Silent pauses per minute

Long silent pauses per minute

Silences per 100 syllables

Long silences per 100 syllables

Mean silent pause duration

Standard deviation silent pause duration

Mean absolute deviation silent pause duration

Mean long (>500 ms) silent pause duration

Standard deviation long (>500 ms) silent pause duration

Mean absolute deviation long (>500 ms) silent pause duration

Mean length of run in seconds

Standard deviation length of run in seconds

Mean absolute deviation length of run in seconds

Mean length of run in syllables

Standard deviation length of run in syllables

Mean absolute deviation length of run in syllables
Repair fluency Repetitions

Lexical substitutions

False starts

"While not technically a measure of fluency in the narrow sense of fluidity (Segalowitz et al., 2017), phonation time ratio is
included as a measure of fluency in the ASE literature and was included in our preliminary analyses because it is
a standardized measure of the volume of speech produced and hence considered reflective of fluency in the broad
sense of proficiency (Segalowitz et al., 2017).

2De Jong and Wempe’s (2009) PRAAT script is based on syllable nuclei. Duration of syllables is not the same as duration
between syllable nuclei. It is therefore not possible to calculate the standard deviation and mean absolute deviation in
syllable duration. For this reason, speed fluency is conceptualized as speech rate and articulation rate in this study, rather
than as Mean Syllable Duration (MSD).

Following Zechner et al. (2009), bivariate Pearson correlations were run between all
measures of oral fluency. High inter-correlations suggest that measures are tapping the
same underlying dimension of oral fluency and it is redundant to include both in an
ASE algorithm. Only one measure was therefore retained for each such correlation
identified in our data. These were selected on the basis of their 1) independence of
other dimensions of fluency, 2) congruence with the defined underlying construct,
and 3) interpretability. In line with (Segalowitz 2017) analysis of the more narrow
range of measures typically reported in the SLA literature, the range of fluency
measures explored in the analyses presented in this paper was therefore reduced to:
articulation rate, unfilled pauses per 100 syllables and mean unfilled pause duration,
including separate measures for unfilled pauses occurring at the end of and mid-
clause, and repetitions per 100 syllables (see De Jong, 2016; Tavakoli, 2011).

Reliability. Reliability was not relevant because coding was automated.

Comparability. Independent samples t-tests confirmed no significant differences
between learners” performance on the two different versions of the speaking task in terms
of measures of utterance fluency (Articulation rate: t(58) = .071, p = .94; Mean length of run:
t(58) =.533, p =.60; Mean pause duration: t(58) =.125, p =.90).

‘Independent clauses, sub-clausal units, and subordinate clauses were all considered to be clauses and defined following
Foster et al. (2000).
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Functional adequacy

Materials. An adapted translation of De Jong et al. (2012) functional adequacy scale was
used in this study. The experimental stimuli comprised the learners’ productions in the
English speaking task. The practice stimuli comprised data collected from learners who did
not participate in both phases of the study.

Procedure. The eight English listeners who were recruited to rate the learners’ produc-
tions were randomly allocated to one of four groups. Each rater only rated each participant
once. That is, they only rated either the participants’ Time 1 production or Time 2
production. Each rater also only rated half of the participants studying in the UK and
half of the participants studying in China. To mitigate order effects, Time, Country, and
order of presentation were counterbalanced across the four groups of raters. Having
completed the practice trials, the experimental trials were presented in randomized order.

Reliability. A good level of inter-rater reliability was achieved (ICC (average measures) = .85
on average for Time 1). Ratings of the functional adequacy of the learner productions were
therefore averaged across the four listeners that rated each learner production.

Comparability. Independent samples t-tests confirmed no significant differences
between learners’ performance on the two different versions of the speaking task in terms
of either functional adequacy (t(58) = —.296, p =.77).

Breadth of vocabulary knowledge
Materials. Breadth of vocabulary knowledge was assessed using a subset of items from
Laufer and Nation’s (1999) Productive Levels Test, comprising the 18 items at the first 2000
word families level and 18 items from the University Word List (Xue & Nation, 1984). The
2000 word level was combined with the university word list level, because developing
fluency involves “getting good at using what is already known” (Nation, 2007, p. 8). The
data reported here form part of a larger study in which two versions of the Productive Levels
Test were counterbalanced (see above). Half of the learners therefore completed version A,
while the other half completed version B.

Procedure. Learners were given 15 minutes to complete the task, which was administered
on paper.

Scoring. One point was awarded for each correct response, and a point was only awarded
if the item was spelled correctly.

Reliability . Both versions of the test had high reliability (Cronbach’s a=.82and .81,
respectively).

Comparability. An independent-samples t-test confirmed no significant differences
between learners’ performance on the two versions of the test (t(58) = 1.067, p =.29).

Depth of vocabulary knowledge
Materials. Depth of vocabulary knowledge was assessed using a subset of Read’s (1993)
Word Associates Test comprising 10 items which only included words at the first 2000 word
families level — fluency, as highlighted above, is about using known language efficiently
(Nation, 2007). These items were: beautiful, bright, calm, natural, fresh, general, bare,
conscious, convenient, and curious.

Procedure. Learners were given 10 minutes to complete the task, which was administered
on paper. For each item learners were tasked with identifying four associates, including at
least one semantic and one syntagmatic associate, from a set of eight options (Read, 2004).
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Scoring. One point was awarded for each correct response. If learners marked more than
four responses, they received a mark of zero for that item.

Reliability. A high level of reliability was confirmed for the test (Cronbach’s
a=.73).

Comparability. Comparability was not relevant because only one version of this task
was used.

Speed of lexical retrieval

Materials. Lexical retrieval time was obtained via a picture naming task. The experimental
stimuli comprised 16 words from Farrell and Abrams (2014) and the corresponding images
from Brodeur et al (2010, 2014). Bank of Standardized Stimuli. The 16 selected words were
those which were found to be known by most learners in Handley and Wang (2018) which
employed an earlier version of this test to explore similar questions in the same population
(see Appendix A for a full list of stimuli).

Procedure. The task was presented using PsychoPy v.1.8 (Peirce, 2007). On each trial, the
learners were presented a picture and asked to name it as quickly as possible. More
specifically, on each trial the learners were instructed to press the spacebar when ready.
Having pressed the spacebar a fixation point appeared for 500 ms. This was followed by
presentation of a target picture which remained on screen for 5000 ms. The learners’
responses were recorded using a USB headset (Microsoft LifeChat LX-300). The experi-
mental stimuli were presented to each learner in a different random order. Before starting
the task in earnest, the learners completed a block of four practice trials and received
feedback from the researcher.

Scoring. One point was awarded for each correct response. Reaction and completion
times were coded automatically for correct responses only using a PRAAT script developed
for the specific purposes of this study, then checked by hand by a research assistant.

Reliability. A moderate level of reliability was confirmed for the test (Cronbach’s a = .64).

Comparability. Comparability was not relevant because only one version of this task was used.

Grammar knowledge

Materials. Grammar knowledge was assessed using Norris (2005) Grammar Ability Finder,
an instrument designed to tap learners’ ability to apply five word order rules. The data
reported here form part of a larger study in which two versions of the Grammar Ability
Finder were counterbalanced (see above). Half of the learners therefore completed version
A, while the other half completed version B.

Procedure. Learners were given 10 minutes to complete the task, which was administered
on paper.

Scoring. One point was awarded for each correct response. Responses in which some, but
not all of the words were in the correct order, did not receive a point. Spelling mistakes
were, however, ignored to avoid measuring vocabulary knowledge in the grammar test.

Reliability. Both versions of the test had relatively low levels of reliability (Cronbach’s
a = .44 and .55, respectively) — these lower levels of reliability might be explained by the fact
that a number of items did not discriminate between our participants.

Comparability. An independent-samples t-test confirmed no significant differences
between learners’ performance on the two versions of the test (t(58) = -.798, p = .43).
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Speed of morphosyntactic processing

Materials. A modified version of Engelhardt et al. (2012) sentence construction task was used to
measure learners’ morphosyntactic processing. Designed to tap learners’ processing of number
and tense agreement, the 16 experimental stimuli which were based on words in the General
Service List (West, 1953) comprised a pronoun, noun, or two plus a noun, and an infinitive verb
(e.g. “two + shop” and “to close”; see Appendix B, Table B1, for a full list of stimuli).

Procedure. The task was presented using PsychoPy v.1.8 (Peirce, 2007). On each trial, learners
were presented two noun phrases and a verb phrase accompanied by a time phrase (i.e. “every-
day”, “now”, “yesterday”, or “tomorrow”) indicating the tense of the utterance they were required
to produce. Their task was to construct an utterance in the tense indicated using the constituents
presented as quickly as possible. Altogether there were four quartiles of trials labeled with
different time phrases respectively and with either singular or plural forms of nouns as the
subject (see Figure 1 below for some examples).

More specifically, on each trial the learners were instructed to press the spacebar when
ready. Having pressed the spacebar a fixation point appeared for 500 ms. This was followed
by presentation of the target stimulus set which remained on screen for 10,000 ms. The
learners’ responses were recorded using a USB headset (Microsoft LifeChat LX-300). The
experimental stimuli were presented to each learner in a different random order. Before

( everyday)

to study two + shop to close

( tomorrow ) ( yesterday )

to arrive

Figure 1. Screenshots illustrating the different conditions of the sentence inflection task.
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starting the task in earnest, the learners completed a block of six practice trials and received
feedback from the researcher (see Appendix B for task instructions).

Scoring. This task was scored in a similar way to the grammar knowledge test. That is
errors in pronunciation and conjugation were ignored. Reaction and completion times were
coded automatically for correct responses only using a PRAAT script developed for the
specific purposes of this study, then checked by hand by a research assistant.

Reliability. An adequate level of reliability was confirmed for the test (Cronbach’s a =.77).

Comparability. Comparability was not relevant because only one version of this task was
used.

Speed of syntactic processing
Materials. A modified version of Engelhardt et al. (2012) sentence construction task was
used to measure learners’ syntactic processing. The experimental stimuli comprised 24 sets
of two noun phrases, one referring to an animate object and one referring to an inanimate
object, and a verb phrase (e.g. “the milk”, “the cat” and “is drinking”) based on words in the
General Service List (GSL; West, 1953; see Appendix C, Table CI, for a full list of stimuli).

Procedure. The task was presented using PsychoPy v.1.8 (Peirce, 2007). On each
trial, learners were presented two noun phrases and a verb phrase accompanied by
a punctuation mark indicating the type of utterance they were required to produce.
Their task was to construct an utterance of the type indicated using the constituents
presented as quickly as possible. On one half of the trials, sentence constituents
appeared in the order animate object, inanimate object, verb; on the other half, the
sentence constituents appeared in the order inanimate object, animate object, verb. On
one third of the trials, a full stop was displayed at the top of the screen, indicating that
the learners should produce a declarative statement; on another third, a question mark
was displayed, indicating that learners should produce an interrogative; and, on the
final third, a minus sign was displayed indicating that learners should produce
a negative statement (see Figure 2 for some examples).

The remaining procedure was the same as for the morpho-syntactic processing (see
Appendix C for task instructions).

Scoring. The task was scored and coded in the same way as the morpho-syntactic
processing task (see above).

Reliability. An adequate level of reliability was confirmed for the test (Cronbach’s a =.78).

Comparability. Comparability was not relevant because only one version of this task was used.

Analysis

Before running descriptive statistics and inferential analyses, the data was checked for
normality and outliers (see Participants).

Descriptive statistics were also generated for all of the measures and comparisons
were made with previous studies to help understand the comparability of the
data set.

Our main questions relating to what areas of linguistic knowledge and processing
involved in speech production measures of utterance fluency represent were then
explored through correlational analyses and linear regression. Research question 1,
asking how utterance fluency relates to functional adequacy, was evaluated by creating
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the man the door is closing the paper the men are tearing

the horse the gate kicked the cakes the women

Figure 2. Screenshots illustrating the different conditions of the sentence transformation task.

a linear regression model with functional adequacy as the outcome and the six utterance
fluency measures as predictor variables. This model can shed light on which measures of
utterance fluency might be underpinned by a similar construct to functional adequacy.
Research question 2, asking to what extent measures of linguistic knowledge and
processing predict functional adequacy, was evaluated by creating a linear regression
model with functional adequacy as the outcome and the six measures of linguistic
knowledge and processing as predictor variables. This model can shed light on the
componential structure of speaking proficiency. Research question 3, asking to what
extent measures of linguistic knowledge and processing predict utterance fluency, was
evaluated by creating a series of linear regression models, one per measure of utterance,
with the measure of utterance fluency as the outcome and the six measures of linguistic
knowledge and processing as predictor variables. These models can shed light on the
extent to which measures of utterance fluency represent the same construct as functional
adequacy. If a model of a measure of utterance fluency has a similar structure to the
model of functional adequacy, it would suggest that that measure is underpinned by
a similar construct and might be used alone as a proxy for functional adequacy. If
a model of a measure of utterance fluency reflects some dimensions of functional
adequacy, but not others, it would suggest that it under-represents the construct under-
pinning functional adequacy and would need to be supplemented with other measures
in order to fully represent the construct. The analyses were carried out in R (R Core
Team, 2015) using the tidy verse package (Wickham et al., 2019).
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RESULTS AND DISCUSSION
Descriptive statistics

Table 3 shows the means and standard deviations for ratings of functional adequacy,
measures of utterance fluency and measures of linguistic knowledge and processing. Note
that a higher score represents better performance on measures of functional adequacy,
articulation rate, breadth and depth of vocabulary knowledge, and grammar knowledge,
whereas a lower score represents better performance on measures of pause frequency, mean
pause duration, repetition frequency, and speed of lexical, syntactic and morphosyntactic
processing. Taking this into consideration, this data suggests that the learners in this study
have moderate levels of functional adequacy (M = 3.90; SD = 1.11) similar to those observed
for the learners of Dutch in De Jong et al. (2012) study which employed a similar measure of
oral proficiency. Levels of utterance fluency, however, differ, with the Chinese learners of
English in this study uttering fewer syllables per second (M = 3.26; SD = 0.42) but making
fewer repairs (M = 3.29; SD = 3.07), paused less often (end clause pause frequency: M = 3.60,
SD =2.10; mid-clause pause frequency: M =7.66, SD — 4.13) and pausing for less time on
average (end clause pause duration: M =519, SD =222; mid-clause pause duration:
M = 486, SD =156) than the learners of Dutch in De Jong et al (2013, 2015). and the
Chinese learners of English in Kahng’s (2020) study. The differences with De Jong et al
(2013, 2015). studies might be explained by the transfer of speech rate and patterns of
pausing associated with the learners L1 to their L2. While information rate, that is “the
average rate at which information is emitted” (Coupé et al., 2019, p. 1), is somewhat
universal across languages at 39 bits per second, structural differences between languages
result in differences in the amount of information they encode per syllable and hence speech
rate (see Coupé et al., 2019), and Mandarin has significantly fewer distinct syllables than
English and other Indo-European languages and is associated with a slower speech rate than
English (Coupé et al., 2019). The differences with Kahng’s (2020) study might be explained
by differences in the task — the learners’ in Kahng’s (2020) study completed two tasks from
the TOEFL iBT which required them to express preferences and express and support their
decisions, respectively. It should also be noted that Kahng’s (2020) learners were of a wider

Table 3. Descriptive statistics (means and standard deviations) for measures of
linguistic knowledge and processing (N = 60).

Measure Mean Standard deviation
Functional adequacy (0-7) 3.90 1.11
Articulation rate (syll/sec) 3.01 0.50
End clause pause frequency (per 100 syll) 3.60 2.10
Mid-clause pause frequency (per 100 syll) 7.66 413
End clause pause duration (ms) 519 222
Mid-clause pause duration (ms) 486 156
Repetition frequency (per 100 syll) 3.29 3.07
Breadth of vocabulary knowledge (max 36) 19.58 5.74
Depth of vocabulary knowledge (max 40) 30.97 439
Vocabulary knowledge (max 16) 11.90 249
Speed of lexical retrieval (ms) 3193 387
Grammar knowledge (max 12) 9.90 1.61
Syntactic knowledge (max 24) 17.40 4.26
Speed of syntactic processing (ms) 6277 721
Morphosyntactic knowledge (max 16) 11.18 3.38

Speed of morphosyntactic processing (ms) 5523 1225
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range of proficiency levels (CEFR C1 to A2) than those in the present study whose
proficiency range from B1 to B2. This is also a possible explanation for the lower variance
in utterance fluency across learners compared to previous studies.

Speed of linguistic processing was considerably slower than reported in De Jong et al.
(2013) previous work on learners of Dutch, Kahng’s (2020) research on Chinese learners of
English, and other work reporting similar measures (Speed of lexical processing M = 3193,
SD =387; Speed of syntactic processing M =6277, SD =721, Speed of morphosyntactic
processing M = 5523, SD = 1225). The slower reaction times on the picture naming task
might be explained by the fact that lexical/conceptual representations include image
representations which are connected to the linguistic/cultural context in which they were
acquired (Jared et al., 2013) and, as far as it is possible to establish, the Brodeur et al (2010,
2014). stimuli have not been normed for Mandarin unlike the stimuli in Kahng (2020).
Alternatively, if the learners in this study are accessing the English items via their L1, i.e.
translation (Jiang, 2002), the slower reactions times may reflect the fact that naming
latencies for Mandarin tend to be longer than for other languages - Mandarin has
a relatively small syllable inventory compared with other languages resulting in a larger
number of polysyllabic words and greater competition during lexical selection (Bates et al.,
2003; Weekes et al., 2007).

The slower response times on the syntactic and mopro-syntactic processing tasks might
be explained by the fact that the tasks are more productive than De Jong et al. (2013) and
Kahng’s (2020) sentence completion tasks. Moreover, the differences with De Jong et al.
(2013) study might be explained by cross-linguistic differences. Mandarin uses a different
script to English; Mandarin, unlike English, does not form questions through Wh-
movement (Huang, 1988); Mandarin verbs are only marked for aspect (Tardif et al.,
1997); and, there is no subject-verb agreement in Mandarin (Huang, 1989; Jaeggli & Safir,
1989 cited in Tardif et al., 1997) and learners have been shown to be insensitive to it in
English (Jiang, 2004).

These differences in linguistic background, proficiency levels and task highlight the
importance of replicating previous research to confirm whether the findings generalize to
other populations as we do in this paper.

The relationship between oral fluency and functional adequacy

To explore the question of whether utterance fluency reflects global proficiency, ratings of
learners’ functional adequacy in the IELTS-style speaking task were regressed on the
measures of utterance fluency which were obtained from them. These results, which are
summarized in Table 4, show that articulation rate (5 =0.93, 95% CI = [0.52, 1.35], t =4.51,
p<.001), mid-clause pause frequency (f=-0.13, 95% CI=[-0.19, —0.06], t=-3.91,
p <.001) and repetition frequency (3 =-0.14, 95% CI=[-0.21, —0.07], t = —-4.08, p <.001)
are predictors of functional adequacy. In other words, the faster the learners spoke and the
less frequently they paused mid-clause and the less frequently they repeated themselves, the
more proficient they were perceived to be. Together the measures of utterance fluency
account for 60% of the variation in functional adequacy scores, which suggests that other
measures (including quality measures) should be adopted to more adequately represent the
construct of oral proficiency.
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Table 4. Correlations between measures of utterance fluency and functional adequacy, and model
results.

Variable Correlation Estimate (SE) 95% Cl t p

Intercept 1.72 (0.75) 0.22-3.22 230 0.025
Articulation rate A49%* 0.93 (0.21) 0.52-1.35 4.51 <0.001
End clause pause frequency .05 0.03 (0.05) —0.08-0.13 0.47 0.641
Mid-clause pause frequency —49** —0.13 (0.03) —-0.19 - —0.06 -3.91 <0.001
End clause pause duration .08 0 (0.00) —0.00-0.00 0.13 0.896
Mid-clause pause duration -.20 0 (0.00) —0.00-0.00 1.69 0.097
Repetition frequency —.51%* —0.14 (0.03) -0.21 - -0.07 —4.08 <0.001

**p < 01, R’ = .60.

These findings reflect those of Yan (2020) who observed moderate to strong associations
between common measures of utterance fluency including articulation rate and proficiency
scores. The correlations are, however, weaker than those observed in Ginther et al. (2010)
investigation of the relationship between measures of utterance fluency and scores on the
OEPT. Such differences might be explained by the circularity inherent in validation work
highlighted by De Jong et al. (2012) - the OEPT descriptors like those employed in other
assessments make specific reference to fluency-related characteristics of oral productions
(see Tavakoli et al., 2017).

The question therefore remains whether these measures of utterance fluency represent
the same construct as functional adequacy.

The relationship between linguistic knowledge and processing and functional
adequacy

To understand the construct of functional adequacy, its componential structure was
explored by regressing ratings of learners’ functional adequacy in the IELTS-style speaking
task on measures of their linguistic knowledge and processing (see Table 5). In line with
previous research exploring the componential structure of functional adequacy (e.g. De
Jong et al., 2012), breadth of lexical knowledge (8 =0.13, 95% CI =[0.07, 0.18], t=4.52,
p < .001) was a strong predictor of functional adequacy. In other words, as learners’
vocabulary size increases so does their overall proficiency.

That breadth of lexical knowledge predicts functional adequacy is unsurprising. The
relationship between breadth of lexical knowledge and measures of reading, writing and
listening proficiency is well-established (Milton, 2013). With respect to speaking, it received
greater weighting than other areas of linguistic knowledge and processing in De Jong et al

Table 5. Correlations between measures of linguistic knowledge and processing and functional adequacy
and model results.

Correlations Estimate (SE) 95% Cl t p
Intercept 2.69(1.78) -0.79 6.18 1.52 135
Breadth of vocabulary knowledge 0.56** 0.13(0.03) 0.07 0.18 4,52 <0.001
Depth of vocabulary knowledge 0.04 —0.02(0.03) —0.08 0.04 -0.62 536
Grammar knowledge 0.10 —0.11 (0.10) -0.30 0.08 -1.13 262
Speed of lexical processing 0.22 0.00 (0.00) 0.00 0.00 1.44 155
Speed of syntactic processing -0.11 —0.00 (0.00) 0.00 0.00 -0.54 .589
Speed of morphosyntactic processing —0.29* —0.00 (0.00) 0.00 0.00 -0.69 490

**p < 01, R = 37.
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(2012, 2013). research exploring the relationship between objective measures of linguistic
knowledge and processing and ratings of functional adequacy as well as in studies exploring
the relationship between analytic ratings of oral proficiency and global ratings (see De Jong
et al., 2012). It is important to acknowledge that not all measures included in De Jong et al.
(2012) study were included in the present one, including for example intonation. The absence
of relationships between other dimensions of linguistic knowledge and processing and
functional adequacy as observed in De Jong et al. (2012) might, however, be explained by
the cross-linguistic differences between Mandarin and English highlighted above in the
discussion of the reaction times in the syntactic and morpho-syntactic processing tasks above.

The relationship between linguistic knowledge and processing and utterance fluency

To understand the componential structure of the different measures of utterance fluency,
each measure was regressed on measures of linguistic knowledge and processing in turn
(see Table 6). The results for articulation rate are similar to those for functional adequacy,
with breadth of lexical knowledge the only dimension of linguistic knowledge and proces-
sing predicting articulation rate (8 =0.04, 95% CI =[0.01, 0.06], t =2.86, p <.01). In other
words, the larger the learners’ vocabulary, the more quickly they spoke. Speed of lexical
processing, on the other hand, is the only significant predictor of end clause pause duration
(=-0.19, 95% CI =[-0.33, —-0.02], t=-2.33, p =.02). In other words, learners who took
less time to retrieve lexical items paused for longer at the end of clauses. Speed of syntactic
processing is the only significant predictor of mid-clause pause duration (8 =0.01, 95% CI
=[0.03, 0.16], t =3.06, p <.01). In other words, learners who could more quickly transform
sentences paused for less time mid-clause. As for repetitions per 100 syllables, none of the
measures of linguistic knowledge and processing were found to be significant predictors of
this measure of utterance fluency. The measures of linguistic knowledge and processing
used in this study only accounted for between 6% and 23% variation in measures of
utterance fluency, suggesting that they may represent non-linguistic factors.

That measures of vocabulary breadth, depth and processing are associated with measures
of utterance fluency has been replicated across a number of studies, suggesting that
language is more lexically than syntactically based (Van Moere, 2012). The precise nature
of the relationship is, however, unclear with some studies observing a relationship between
breadth of vocabulary knowledge and articulation rate (e.g. De Jong et al., 2013), while
others do not (e.g. Kahng, 2020; see; Ebrahimi, 2021 for a comprehensive review). The
relationship between grammar knowledge and processing and utterance fluency on the
other hand is less well researched. A notable exception is De Jong et al. (2013) examination
of the relationship between linguistic knowledge and processing and utterance fluency
among advanced learners of Dutch. In contrast with this study, De Jong et al. (2013)
observed a strong relationship between sentence building speed and number of silent
pauses, but not between sentence building speed and mean silent pause duration. As
discussed above there are important cross-linguistic differences between Mandarin and
Dutch which might explain the longer processing speeds observed in this study compared to
those observed in De Jong et al. (2013) and hence the differences in observed relationships
between processing and utterance fluency. Together these results, while confirming that
measures of utterance fluency reflect lexical knowledge and processing, emphasize the
importance of carrying out research with a wider range of L1-L2 pairs to fully understand
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Table 6. Correlations between measures of linguistic knowledge and processing and measures of
utterance fluency, and model results for measures of utterance fluency.

Model Correlations Estimate (SE) 95% Cl t p
Articulation Rate
Intercept 5.21 (0.84) 3.53-6.90 6.21 <0.001
Breadth of vocabulary knowledge 0.36** 0.04 (0.01) 0.01-0.06 2.86 0.006
Depth of vocabulary knowledge 0.04 0 (0.01) —-0.03-0.03 -0.10 0.924
Grammar knowledge 0.04 —0.08 (0.05) —0.18-0.01 -1.81 0.076
Speed of lexical processing —.28* 0 (0.00) —0.00-0.00 -1.48 0.144
Speed of syntactic processing —0.35%* 0 (0.00) —0.00-0.00 -1.64 0.106
Speed of morphosyntactic processing —0.32** 0 (0.00) —0.00-0.00 -1.04 0.301
0.32
End clause pause frequency
Intercept 6.85 (4.12) —1.42-15.12 0.10 0.102
Breadth of vocabulary knowledge 0.05 0.02 (0.06) -0.11-0.15 0.75 0.748
Depth of vocabulary knowledge 0.13 0.06 (0.07) —0.08-0.19 0.39 0.393
Grammar knowledge 0.00 —0.13 (0.23) —-0.58-0.33 0.58 0.579
Speed of lexical processing -0.15 0 (0.00) —0.00-0.00 0.47 0.465
Speed of syntactic processing -0.18 0 (0.00) —0.00-0.00 0.39 0.39
Speed of morphosyntactic processing -0.04 0 (0.00) —0.00-0.00 0.90 0.895
0.06
Mid-clause pause frequency
Intercept 12.69 (7.94) —3.23-28.61 1.60 0.116
Breadth of vocabulary knowledge -0.11 —0.12 (0.12) -0.37-0.12 -1.01 0.318
Depth of vocabulary knowledge 0.1 0.15 (0.13) —-0.11-0.41 1.16 0.252
Grammar knowledge —0.06 0.02 (0.44) —0.86-0.89 0.04 0.97
Speed of lexical processing -0.23 0 (0.00) —0.01-0.00 -1.91 0.062
Speed of syntactic processing -0.03 0 (0.00) —0.00-0.00 0.41 0.685
Speed of morphosyntactic processing 0.05 0 (0.00) —0.00-0.00 -0.19 0.847
0.10
End clause pause duration
Intercept 97.22 (397.45) —699.97-894.41 0.25 0.808
Breadth of vocabulary knowledge 0.29* 3.96 (6.19) —8.46-16.37 0.64 0.525
Depth of vocabulary knowledge 0.18 5.68 (6.55) —7.47-18.82 0.87 0.39
Grammar knowledge 0.33%* 37.6 (21.88) —6.29-81.49 1.72 0.092
Speed of lexical processing —0.26** —0.18 (0.08) -0.33 - -0.02 -2.33 0.024
Speed of syntactic processing 0.01 0.06 (0.05) —-0.03-0.15 1.39 0.171
Speed of morphosyntactic processing 0.01 —0.01 (0.03) —0.06-0.05 -0.25 0.802
0.22
Mid-clause pause duration
Intercept —283.8 (280.7) —846.81-279.22 -1.01 0.317
Breadth of vocabulary knowledge 0.08 0.04 (4.37) —8.73-8.81 0.01 0.992
Depth of vocabulary knowledge 0.16 6.81 (4.63) —2.47-16.10 1.47 0.147
Grammar knowledge 0.13 15.46 (15.45) —15.53-46.46 1.00 0.322
Speed of lexical processing —-0.03 —0.07 (0.05) —-0.17-0.04 -1.26 0.215
Speed of syntactic processing 0.34** 0.1 (0.03) 0.03-0.16 3.06 0.003
Speed of morphosyntactic processing 0.18 0 (0.02) —0.04-0.04 0.01 0.991
0.21
Repetition frequency
Intercept 12.4 (5.75) 0.87-23.93 2.16 0.036
Breadth of vocabulary knowledge —-0.26* —0.06 (0.09) —-0.24-0.12 —-0.68 0.498
Depth of vocabulary knowledge -0.06 0.04 (0.09) —0.15-0.23 0.42 0.678
Grammar knowledge —0.34** —0.54 (0.32) -1.18-0.09 -1.7 0.091
Speed of lexical processing -0.14 0 (0.00) —0.00-0.00 -1.16 0.253
Speed of syntactic processing 0.03 0 (0.00) —0.00-0.00 0.03 0.973
Speed of morphosyntactic processing 0.07 0 (0.00) —0.00-0.00 0.08 0.94
0.15

*p < 01.

the nature of the constructs of oral fluency and proficiency. With respect to ASE, they
suggest that articulation rate best reflects the componential structure of functional adequacy
and is the best proxy for proficiency if conceptualized as the informativeness and
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comprehensibility of learner productions, i.e. functional adequacy. End and mid-clause
pause duration do, however, also represent some of the processes that underpin oral
proficiency. In line with Skehan et al. (2016) claim that clause fluency is associated with
formulation and and discourse-fluency is associated with conceptualization, speed of
syntactic processing predicted mid-clause pause duration, and speed of lexical processing
predicted end clause pause duration. If the aim is to mimic human raters using current
assessment rubrics which comprise a set of analytic scales focusing on different dimensions
of oral proficiency, then it might be appropriate to use a combination of mid- and end-
clause pause duration and articulation rate as proxies for global measures of proficiency.

That measures of linguistic knowledge and processing only account for a relatively
small proportion of variation in measures of utterance fluency is unsurprising given
the growing body of research that observes a relationship between L1 and L2 fluency,
and suggests that measures of fluency might reflect a speaker’s individual speaking
style (Bradlow et al.,, 2017; De Jong et al., 2015; Derwing et al., 2009; Huensch &
Tracy-Ventura, 2017; Kahng, 2020; Kim et al., 2013; Peltonen, 2018; Towell &
Dewaele, 2005).

CONCLUSION

This study was carried out to address the circularity present in much validation work in the
area of speaking assessment and ASE. Measures of utterance fluency, i.e. pace and pausing
behaviors, were compared with measures of overall proficiency, operationalized as func-
tional adequacy, as were models of the construct that underpins measures of utterance
fluency and models of the construct that underpins oral proficiency.

The main findings of this study were that articulation rate, mean pause duration and
repetition frequency are predictors of functional adequacy. Breadth of lexical knowledge is
the main predictor of both functional adequacy and articulation rate. Moreover, a similar
combination of dimensions of linguistic knowledge and processing appear to predict both
functional adequacy and articulation rate.

These results reflect those of previous studies which have observed a strong relationship
between articulation rate and oral proficiency (Ginther et al., 2010) and that vocabulary
knowledge is a significant predictor of both functional adequacy (De Jong et al., 2012) and
measures of utterance fluency (De Jong et al., 2013). Together our results suggest that it is
valid to include some measures of utterance fluency, and in particular articulation rate, in
ASE models and to reference fluency in the rubrics provided to human raters, more broadly,
because these measures seem to reflect the same underlying construct.

It should, however, be noted that together the measures of utterance fluency only
accounted for 60% of the variation in functional adequacy scores. As such, measures of
utterance fluency may not be considered to provide an adequate representation of oral
proficiency and ought to be supplemented with other measures such as measures of good-
ness of pronunciation, lexical diversity and grammatical accuracy (Higgins et al., 2011;
Zechner et al., 2009).

It is also interesting to note that the measures of linguistic knowledge and
processing used in this study only accounted for between 6% and 32% variation in
measures of utterance fluency. This finding, reflecting other studies that have found
that these measures account for between 5% and 50% of variation in utterance
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fluency (De Jong et al., 2013), suggests that measures of utterance fluency also
represent other factors. The discrepancy between the results of this study and
those of De Jong et al. (2013) might be explained by the fact that de Jong et al’s
study also included a measure of speed of articulation, i.e. response duration in
a picture naming task. Another possibility is that they reflect a learner’s individual
speaking style (Bradlow et al., 2017; De Jong et al., 2015; Derwing et al., 2009;
Huensch & Tracy-Ventura, 2017; Kahng, 2020; Kim et al., 2013; Peltonen, 2018;
Towell & Dewaele, 2005) which has been shown to reflect gender, age, dialect and
other demographic and individual factors (Bona, 2014; Dewaele & Furnham, 1999,
2000; Jacewicz et al., 2010). A further possibility is that they reflect task type - this
study only employed one task type, namely a descriptive task, compared with De
Jong et al. (2013) which employed eight different tasks that varied in terms of
complexity, formality and discourse.

In conclusion, while the small sample size (Tabachnick & Fidell, 2012) and focus on
learners from a single L1 background of a somewhat restricted proficiency range limits
the generalizability of the findings of the current study, the results of the present study
provide evidence of the concurrent and construct validity of the use of measures of
utterance fluency in ASE scoring models. With respect to concurrent validity, the results
confirm that the following measures of utterance fluency reflect oral proficiency oper-
ationalized as communicative adequacy: articulation rate, mid-clause pause frequency,
and repetition frequency. With respect to construct validity, the results suggest that
articulation rate reflects breadth of lexical knowledge, end clause pause duration reflects
speed of lexical processing, and mid-clause pause duration reflects speed of syntactic
processing. That different measures of utterance fluency reflect different dimensions of
oral proficiency also suggests that ASE scoring models ought to include a combination
of measures of utterance fluency, including measures of speed and breakdown fluency
and that it might be possible to develop diagnostic assessments using ASE technology in
the future. It should, however, be noted that the measures of utterance fluency con-
sidered in this study accounted for only 60% of the variation in functional adequacy
scores. Measures of utterance fluency would therefore need to be supplemented with
more direct measures of the quality of learners’ oral productions such as measures of
goodness of pronunciation, lexical diversity and grammatical accuracy to ensure ASE
scoring models adequately represent oral proficiency.

Like most previous research on oral fluency, this study focused on learners’ performance
in monologic tasks. It is, however, increasingly recognized that monologic tasks under-
represent oral proficiency because they do not test interactional competence, “the ability to
contribute to the shared understanding of information by orally responding appropriately
to a given situation” (Chukharev-Hudilainen & Ockey, 2021, p. 1). Moreover, examinees
believe that dialogic tasks provide a better reflection of their oral proficiency (Brooks &
Swain, 2015; Ockey & Li, 2015). Test developers are therefore starting to explore the
possibility of automating dialogic tasks for the purpose of language assessment using
spoken dialogue systems, i.e. chatbots (see for example Ockey & Chukharev-Hudilainen,
2021). Future research will therefore need to validate the measures of dialogic fluency these
automated interactive speaking assessments rely on and, as a prerequisite, operationalize
interactional competence (see Peltonen, 2020 for a review of approaches to measuring
interactional competence).
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Appendix A: Vocabulary Processing Task

Instructions

Task 5 Picture Naming Task

In this task, on each trial you will see an image. Your task is to say the name of the object presented
in the image. You should try to respond as quickly as possible.

Do not worry if you cannot name all of the objects.

When you are ready to start the experiment, please let the researcher know.

Stimuli

Practice

Dog, banana, camera, bear, butterfly, guitar.
Experimental

Calendar, elephant, envelope, rabbit, telephone, candle, lion, pencil, helicopter, scissors, head-
phones, lipstick, mushroom, paintbrush, tiger, button

Appendix B: Morphosyntactic Processing Task

Instructions

Task 6 Grammar Task

A On each trial you will be presented a series of words. Your task is to construct as short a sentence
as possible using the words presented, and say it aloud. You should try to respond as quickly as
possible. Make sure you pay attention to TENSE and NUMBER.

Do not worry if you cannot construct all of the sentences.

For example:

You are presented: You say:

(everyday)

Man to write The man writes (everyday)

(now)

two + girl to read The two girls are reading (now)
(yesterday)

Bank to close The bank closed (yesterday)
(tomorrow)

two + waiter to phone The two waiters will phone (tomorrow)

When you are ready to start the experiment, let the researcher know.

Stimuli

Note: Contractions were also accepted
Also alternative places for the adverb, e.g. “she is now sleeping”.
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Table B1. Stimuli in the morphosyntactic processing task.

Stimulus Correct Answer

P00 He to study (everyday) he studies (everyday)

PO1 two + shop to close (now) (the) two shops are closing (now)

P02 They to shut (tomorrow) they will/are going to shut (tomorrow)
P03 Woman to arrive (yesterday) the/a woman arrived (yesterday)

P04 two + boy to cook (yesterday) (the) two boys cooked (yesterday)

P05 She to sing (tomorrow) she will/is going to sing (tomorrow)
E0O He to write (everyday) he writes (everyday)

EO1 two + woman to kneel (now) (the) two women are kneeling (now)
E02 They to ring (tomorrow) they will/are going to ring (tomorrow)
EO3 Glass to crack (yesterday) the/a glass cracked (yesterday)

E04 Artist to paint (everyday) the/an artist paints (everyday)

E05 She to sleep (now) she is sleeping (now)

EO6 two + team to win (tomorrow) (the) two teams will/are going to win (tomorrow)
E07 They to clean (yesterday) they cleaned (yesterday)

E08 They to fight (everyday) they fight (everyday)

E09 Flower to grow (now) the/a flower is growing (now)

E10 He to wash (tomorrow) he will/is going to wash (tomorrow)
E11 two + boat to sink (yesterday) (the) two boats sank (yesterday)

E12 two + girl to run (everyday) (the) two girls run (everyday)

E13 They to play (now) they are playing (now)

E14 Plane to crash (tomorrow) the/a plane will is going to crash (tomorrow)
E15 She to come (yesterday) she came (yesterday)

Appendix C: Syntactic Processing Task

Instructions

Task 7 Grammar Task B

On each trial you will be presented a series of words. Your task is to construct as short a sentence as
possible using the words presented, and say it aloud. You should try to respond as quickly as possible.
Make sure you pay attention to whether you need to form a POSITIVE or a NEGATIVE QUESTION
or STATEMENT.

Do not worry if you cannot construct all of the sentences.

For example:

You are presented: You say:
+
the milk the cat is drinking The cat is drinking the milk
the milk the cat is drinking The cat is not drinking the milk
?
the milk the cat is drinking Is the cat drinking the milk?

When you are ready to start the experiment, let the researcher know.

Stimuli

The following were also accepted: contractions, lexical substitutions and mispronunciations, alter-
native negatives, and alternative negatives. Errors in conjugation (morpho-syntax) were ignored
given the focus of this test on syntax.
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Table C1. Stimuli in the syntactic processing task.

Stimulus Correct Answer

P00 Statement the man the door is closing the man is closing the door

P01 Negative the paper the men are tearing the men are not tearing the paper
P02 Question the horse the gate Kicked did the horse kick the gate

P03 Statement the cakes the women Baked the women baked the cakes

P04 Question television the man is watching is the man watching the television
P05 Negative the books the women Read the women did not read the books
E00 Statement the dogs the bones are hiding the dogs are hiding the bones

EO1 Negative the girls the bikes are riding the girls are not riding the bikes
E02 Question the women the buckets are carrying are the women carrying the buckets
E03 Statement the cat the food Found the cat found the food

E04 Negative the men the drums Played the men did not play the drums
E05 Question the goats the flowers Ate did the goats eat the flowers

E06 Statement the houses the children are passing the children are passing the houses
E07 Negative the pipes the men are smoking the men are not smoking the pipes
E08 Question the combs the girls are using are the girls using the combs

E09 Statement the jackets the men Wore the men wore the jackets

E10 Negative the babies the girls Dressed the girls did not dress the babies
E11 Question the chains the bears Broke did the bears break the chains

E12 Statement the cook the boat is describing the cook is describing the boat

E13 Negative the boy the egg is painting the boy is not painting the egg
E14 Question the woman the car is renting is the woman renting the car

E15 Statement the doctor the question Asked the doctor asked the question

E16 Negative the actor the hat Bought the actor did not buy the hat

E17 Question the sailor the star Saw did the sailor see the star

E18 Statement the plane the man Flew the man flew the plane

E19 Negative the road the woman is clearing the woman is not clearing the road
E20 Question the ball the cat is watching is the cat watching the ball

E21 Statement the bottle the man Shook the man shook the bottle

E22 Negative the box the woman Opened the woman did not open the box

E23 Question the toy the baby Wanted did the baby want the toy
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