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Abstract

Fluency is a commonly used descriptor of second
language (L2) speaking skills. Unplanned and too
frequent pauses, hesitations, and repetitions disrupt
the flow of speech and can cause temporal irregu-
larities at all levels of speech hierarchy, from sylla-
ble rate to phrasing. However, most studies that at-
tempt to quantify fluency disregard pause locations.
The current study investigates, whether and which
pause locations affect the perceived fluency and pro-
ficiency in L2 Finnish.

Several pause parameters were computed from
spontaneous L2 Finnish speech samples. Pause lo-
cations were investigated with regards to clauses and
phrases as well as incomplete words. The effect of
pause locations to human assessments of fluency and
proficiency was investigated using linear regression
models.

The results suggest that silent and filled pauses
within phrases and pauses after incomplete words
significantly reduce the fluency of L2 Finnish
speech, whereas pauses within clauses may even
have a positive effect on fluency and proficiency.
The results support the role of phrases over clauses
as bases for prosodic grouping in spontaneous
Finnish, but further research is needed with native
speakers of Finnish. Furthermore, the results en-
courage to investigate the role of pause location pa-
rameters in comprehensive models for L2 speech
fluency.

Keywords: L2 fluency and proficiency, pause loca-
tion, automatic assessment

1. Introduction

Second or foreign language (L2) fluency has been
widely studied from the perspective of temporal fea-
tures related to speed and pausing, and common
findings suggest that these phenomena are strongly
associated with perceived fluency as well as profi-
ciency in L2 [1, 2, 3, 4, 5, 6]. There are, how-
ever, somewhat conflicting results regarding differ-
ent types of pause measures: for example, pause
rate have been found both significant [1, 2] and non-
significant [7] in predicting fluency ratings. Stud-
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ies have similarly inconsistent findings on pause du-
ration [1, 2, 7]. Results on the role of pausing to
the perception of foreign accent have also varied:
in [8], the longer the pauses the stronger the per-
ceived foreign accent, while in [9] native speakers of
Finnish were discovered to have longer pauses than
L2 speakers. Few studies have attempted to explain
these disagreeing results by focusing on pause loca-
tions, and the findings in these studies suggest that
pause location is an important aspect in perceived
L2 fluency [10, 11, 12]. To our knowledge, there are
no earlier studies on the effect of pause locations on
perceived proficiency in L2 speech.

Fluent speakers manage to maintain the continu-
ity of their message while speaking, and pausing has
an important role in this. Location of pauses is gov-
erned by psycholinguistic models of L2 speech pro-
duction [13] — that is, pauses should precede gram-
matical constituents such as clauses. However, it
has been reported that L2 speakers pause more of-
ten within utterances than L1 speakers [14]. Pre-
vious studies have also noted that fluent L2 speak-
ers tend to pause at grammatical junctures (e.g., be-
tween clauses), whereas disfluent L2 speakers often
pause within clauses or other syntactic constituents
[15, 16]. The level of the speaker’s language skills
can affect both the ability to form clauses and the
pausing patterns of the speaker.

Research on the effect of pausing on the perceived
fluency and proficiency in L2 Finnish is scarce. In
a recent study, we measured temporal fluency from
spontaneous L2 Finnish speech and found that the
rate of silent pauses (> 250 ms) and average dura-
tion of composite breaks (> 250 ms) significantly af-
fect the perceived fluency and proficiency [6]. How-
ever, this was not the case for all L2 speakers: some
speakers with similarly high pause rate vary notably
in their fluency and proficiency ratings. In the cur-
rent study, we scrutinize this observation by analyz-
ing pause locations in relation to perceived fluency
and proficiency. Differing from most previous stud-
ies that measure L2 speech fluency, the purpose of
the current study is to investigate only the role of
pause location, type, and rate to assessed fluency and
proficiency, and we intentionally disregard other flu-
ency measures such as speech and articulation rate.
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Instead, we reflect the results concerning pause lo-
cation to earlier studies where also speed measures
were analyzed [6, 17].

Although most previous studies have investigated
the effect of pause location to speech fluency with
regards to the occurrence between or within clauses
[18, 10], fluent prosodic phrasing does not neces-
sarily follow the grammatical structures of a clause.
We claim that pauses can be common or even rel-
evant within a clause with several constituents, and
that speakers with higher language proficiency pro-
duce longer and more complex clauses [19], which
would increase the pause frequency within clauses.
Therefore, in the current study we investigate pauses
between and within grammatical clauses as well
as between and within phrases. The motivation is
in studying new measures for developing a more
accurate automatic assessment of spontaneous 1.2
Finnish speech. This study is part of the Digi-
Tala project that investigates and develops automatic
tools for spoken L2 assessment and practicing pur-
poses [20].

2. Material and methods
2.1. Speech data and human assessments

The speech data consists of spontaneous speech
samples produced by 200 L2 Finnish speakers: 147
adult and 53 younger learners (high school students
aged 15-21). The adult L2 data was provided by the
National Certificates of Language Proficiency tests
for Finnish as a second language [21] for the Digi-
Tala project [20] and is described in more detail in a
previous study [6]. The data consists of responses to
narrative tasks, where the speakers were instructed
to speak 1.5 minutes on a given topic. The data from
high school students, in turn, was collected in the
DigiTala project during 2021 and is described in de-
tail in [17]. This data also consists of responses to
a narrative task. In the task, the speakers were in-
structed to describe for one minute a place that is
important for them. The tasks in both data sets had
supportive questions for the speakers. Despite the
instructive response times, the duration of the re-
sponses varied from 16 to 90 seconds.

Expert assessments were collected for both
speech data using a 7-point holistic and five 3-4-
point analytic rating scales developed for the pur-
poses of the DigiTala project. For the current study,
assessments of overall proficiency level (holistic
scale) and fluency (analytic scale) were used.

The assessment data was collected separately for
the adults’ and high school students’ speech sam-
ples, and the assessment processes are described in
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detail in [6] and [17]. In these studies, the inter-rater
reliability was tested with intraclass correlation co-
efficient (ICC) using the irr package in R [22]. The
average type ICC was selected as reliability mea-
sure, since it takes into account the scope of dis-
agreement by comparing individual ratings of a sam-
ple to the mean rating of the sample. The selected
ICC value was > 0.90 in both data sets, indicating
excellent inter-rater reliability. We consider this as
a justification to use average ratings of fluency and
proficiency as the dependent variables in the current
study.

2.2. Pause parameters

Previous studies have investigated the effect of
pause location to speech fluency mainly with re-
gards to their occurrence between or within clauses
[10, 11, 12]. Here we investigate pauses between
clauses (BC), within clauses (WC), between phrases
(BP), and within phrases (WP). We define clause in
Finnish as a constituent that links a predicate to a
subject or object. Phrase, in turn, is defined as a
word or group of words that act together as a gram-
matical unit, but do not necessarily include a pred-
icate [23]. We compute pauses between and within
noun phrases, verb phrases, and adverbial phrases,
although the results for different phrase types are not
separated in the analysis. In addition, pauses within
words, or between an incomplete and a corrected
word (WW), were measured. The effect of pause
location to both perceived fluency and proficiency is
investigated.

We used Praat [24] to annotate both silent pauses
(SP) and filled pauses (FP) with respect to their loca-
tion (BC, WC, BP, WP, or WW). The pause thresh-
old was set to 250 ms that has been commonly used
in previous research on speech fluency to define
pauses and separate speech runs [25, 7, 1, 19, 6].
A pause were categorized as filled, when more than
50% of the pause duration included filler or hesita-
tion sounds. Consequently, a pause was categorized
as silent when more than 50% of the pause dura-
tion was silence. The annotated pause intervals were
extracted using a Praat script and the computation
of the pause parameters was done in R [26]. For
pauses between clauses (BC) and phrases (BP), we
created three measures: relative proportion of pause
type in sample (ratio), number of pauses in sam-
ple (frequency), and average duration of pauses in
sample (mean). For pauses within clauses, phrases,
and words, we created the same three measures plus
average frequency of pauses per phrase in sample
(rate). The parameters are referred to using abbrevi-
ations of pause location, the type of pause, and the



type of measure (e.g., BC-SP ratio = ratio of silent
pauses between clauses).

2.3. Statistical analysis

The effect of acoustic parameters on fluency and
proficiency ratings was studied using multiple lin-
ear regression (MLR) models with average ratings as
dependent variables and pause parameters as inde-
pendent variables. From the computed pause mea-
sures we excluded absolute frequencies from the sta-
tistical analysis, since this measure is dependent on
the number of clauses/phrases or overall length of a
sample and not comparable between long and short
speech samples.

The models were run separately for fluency rat-
ings and proficiency ratings. The simplest mod-
els were derived using a feature selection method
stepAIC (implemented in the R package MASS
[27]) that selects the model with least informa-
tion loss based on the Akaike Information Criterion
(AIC).

3. Results

The contribution of pause parameters on the rat-
ings of proficiency and fluency was studied using a
stepwise linear regression model with average rat-
ings as a dependent variable and pause parameters
as predictor variables. The models were fitted sep-
arately for fluency and proficiency ratings. Table 1
lists all predictive variables tested and summarizes
the results of the models with predictor t-values and
respective significance levels based on p-values as
well as the adjusted R? of the final models.

For both fluency and proficiency ratings the most
significant predictor was the ratio of silent pauses
within phrases (WP-SP ratio) with a ¢-value of -
6.93 for fluency, ¢-value of -4.96 for proficiency, and
p < 0.001, indicating that the larger the proportion
of silent pauses within phrases, the lower the profi-
ciency and fluency. The ratio of silent pauses be-
tween phrases (BP-SP ratio), rate of filled pauses
within phrases (WP-FP rate), ratio of filled pauses
between phrases (BP-FP ratio), and ratio of silent
pauses after incomplete words (WW-SP ratio) also
showed significant negative effects on both ratings.

Interestingly, the rate of silent pauses within
clauses (WC-SP rate) and ratio of silent pauses be-
tween clauses (BC-SP ratio) had small yet signifi-
cant positive effects on both ratings, indicating that
the more often pauses occur within clauses and the
larger the proportion of pauses between clauses, the
better the proficiency and fluency. In addition, the
ratio of filled pauses within clauses (WC-FP ratio)
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Table 1: Summary of the linear regression models
with predictor t-values and adjusted R?s. Predic-
tors with no values were excluded from the final
models. p-values: 0.1-0.05°, 0.05-0.01%, 0.01-
0.001%#%*, < 0.001**%*.

Predictor Proficiency
WC-SP ratio -

WC-SP rate 2.15%
mean WC-SP
BC-SP ratio
mean BC-SP
WC-FP ratio
WC-FP rate -
mean WC-FP  -2.66** -
BC-FP ratio - -
mean BC-FP -
WP-SP ratio -4.96%** -6.93%**
WP-SP rate - -

mean WP-SP -
BP-SP ratio -4, 33 %% -5.33%%*
mean BP-SP - -
WP-FP ratio
WP-FP rate
mean WP-FP - -
BP-FP ratio -2.09%* -3.38%**
mean BP-FP - -
WW-SP ratio  -3.96%** -4, 3 %%
WW-SP rate -

mean WW-SP - -
WW-FP ratio
WW-FP rate
mean WW-FP -
Model R? 0.39
(Adjusted)

Fluency

2.23%
1.75° 2.23%

1.43 -

3508 416w

0.43

was selected to the final model for proficiency with
a small positive effect, but the effect remained sta-
tistically insignificant.

03-

S

fluency
4

ratio of silent pauses within phrases

3
Fluency rating

Figure 1: The linear trend between the ratio of
silent pauses within phrases (WP-SP ratio) and av-
erage fluency ratings.

The final MLR models accounted for 43% of the



variance in fluency ratings (multiple R> = 0.45 and
adjusted R? = 0.43) and 39% of the variance in pro-
ficiency ratings (multiple R?> = 0.41 and adjusted R?
= 0.39). The predictive power of single variables
was investigated with simple linear models. Of the
most significant predictors, WP-SP ratio explained
8% of fluency ratings and 5% of proficiency ratings,
while BP-SP ratio accounted only for 3% of vari-
ance in fluency ratings and 1% of variance in profi-
ciency ratings. WP-FP rate, in turn, explained 10%
of fluency ratings and 12% of proficiency ratings.
WW-SP ratio accounted for 9% of variance in flu-
ency ratings and 5% of variance in proficiency rat-
ings. The relations of WP-SP ratio, WP-FP rate, and
WW-SP ratio to fluency ratings are shown as linear
trends in Figures 1, 2, and 3. Interestingly, mean du-
ration of WC-FPs account for 13% of the variation
in proficiency ratings and 9% of the variation in flu-
ency ratings, although the variable was not selected
to the model predicting fluency.

06-

04~ = . fluency
. . e

rate of filled pauses within phrases

3
Fluency rating

Figure 2: The linear trend between the rate of
filled pauses within phrases (WP-FP rate) and av-
erage fluency ratings.

fluency
4

3
IQ
1

ratio of silent pauses after CR

.
0.000- s

1 2 3 4
Fluency rating

Figure 3: The linear trend between the ratio of
silent pauses within words (WW-SP ratio) (or be-
tween an incomplete and corrected word) and av-
erage fluency ratings.

4. Discussion

This study investigated the role of pause locations in
predicting perceived fluency and proficiency of L2
speakers of Finnish. To our knowledge, this study is
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the first to study pause locations in relation to overall
oral proficiency. Moreover, there are only a handful
earlier studies on the effect of pause location on flu-
ency, most of them in L2 English. This study con-
tributes to fluency research on scarcely studied L2,
Finnish.

The effect of several pause parameters on fluency
and proficiency ratings were investigated with mul-
tiple linear regressions. The MLR model for fluency
ratings provided slightly higher explanatory power
(adjusted R* = 0.43) than the one for proficiency (ad-
justed R? = 0.39) (cf. Table 1). This might be due
to the more complex construct of proficiency com-
pared to fluency, but also to the differences between
the two scales: the fluency scale (1-4) was narrower
than the proficiency scale (1-7), allowing less vari-
ation in the ratings and thus increasing the explana-
tory power of the fluency model.

Of the individual parameters, the ratio of silent
pauses within phrases were the most significant type
of disfluency in predicting both fluency and profi-
ciency ratings. However, the parameter with the
highest R? was the rate of filled pauses within phrase
for fluency (WP-FP rate, explaining 10% of rating
variation) and mean duration of filled pauses within
clause for proficiency (mean WC-FP, explaining
13% of rating variation). This indicates that, along-
side silent pauses within phrases, the use of filled
pauses is a significant predictor of L2 Finnish flu-
ency and proficiency, but the type of filled pause
parameter depends on the assessed dimension. All
these parameters had negative effects on ratings,
meaning that the higher the value of the parameter,
the lower the rating.

Interestingly, two clause-related parameters re-
sulted in slightly positive effects on both fluency
and proficiency: the rate of silent pauses within
clauses and ratio of silent pauses between clauses.
One possible explanation to this result is related to
the duration of clauses: the longer the clause, the
higher the probability of pausing becomes, and with
longer utterances pausing is necessary for compre-
hensibility. Higher-proficiency speakers likely pro-
duce longer and more complex clauses than lower-
proficiency speakers [19]. This can increase the
number of pauses within clauses, but such pauses
may be located between phrases or other syntactic
constituents and hence do not impair with perceived
fluency.

What connects the most significant parameters
in the current study is their location with respect
to phrases: silent or filled pauses occurring espe-
cially within phrases seem to be important in sep-
arating fluent speakers from disfluent. This supports



previous results on pause locations and L2 fluency
[15, 16]. Pausing phenomena reflects the speaker’s
cognitive processing; pauses in the middle of syn-
tactic constituents can be understood as difficulties
in retrieving words or their spoken forms or diffi-
culties in articulation. It is also noteworthy, that
pause locations in terms of clauses did not provide
similarly significant results than pause locations in
terms of phrases. This result implies that, in Finnish,
prosodic grouping rather follows the syntactic struc-
ture of phrases than clauses. However, native ref-
erences were absent in this study, and thus we can
not make reliable conclusions about the characteris-
tic pausing patterns in L1 Finnish.

In previous studies pause locations have been
mostly investigated in terms of clauses, but our re-
sult suggests that pause locations should be recon-
sidered in relation to phrases. However, our def-
inition of phrase was sometimes at odds with the
prosodic grouping in the current data: thinking
pauses were relatively common after some conjunc-
tion words (such as "and") regardless of the fluency
or proficiency level of the speaker. It should be fur-
ther studied, whether such pauses are perceived as
disfluencies or not.

The predictive power of the current model with
pause parameters was not expected to be as high as
of previous models with both speed and disfluency-
related parameters. The comparison of the predic-
tive power of MLR models done for the same speech
data (Table 2) indeed suggests that speed-related flu-
ency parameters are better estimates of perceived
fluency than only pause-related parameters. How-
ever, the predictive power of the current model re-
mained relatively high, which indicates that pause
distributions by location could provide new infor-
mation on L2 fluency. Moreover, the three studies
referred to in Table 2 are not fully comparable, since
the data of the two previous studies are combined
in the current study. Whether pause distributions by
location improve the predictive power of L2 fluency
models, or whether the simplest measures such as
speech-to-time ratio provide sufficient prediction ac-
curacy should be further studied. If pause distribu-
tions by location increases the model accuracy, the
next challenge is to automatically categorize pauses
with respect to their syntactic location.

5. Conclusions

This study investigated, whether and which pause
locations affect the perceived fluency and profi-
ciency in L2 Finnish. Our results suggest that pause
measures defined by their location with respect to
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Table 2: Comparison of the MLR models predict-
ing L2 Finnish fluency.

Study Predictors Adj. R?
Current study 7 pause-location  0.43
(N =200) related measures
Kallio et al. 2022  articulation rate, 0.46
(N =147) mean duration of

utterance breaks,

rate of SPs,

duration of FPs,

ratio of creak
Koivusalo 2022 articulation rate, 0.60
(N =53) ratio of SPs

phrases are more significant than pauses defined by
their location with respect to clauses as predictors
of L2 fluency as well as proficiency. Since clauses
are more commonly used in previous studies on the
effect of pause location on L2 fluency, the present
study encourages to revise the methodology of the
previous studies and consider phrases as the main
syntactic constituents that guide prosodic grouping.
In the future, we attempt to include pause location
parameters to predictive models of L2 fluency and
proficiency.
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