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Introduction: Sign language fluency is an area that has received very

little attention within research on sign language education and assessment.

Therefore, we wanted to develop and validate a rating scale of fluency for Swiss

German Sign Language (Deutschschweizerische Gebärdensprache, DSGS).

Methods: Different kinds of data were collected to inform the rating scale

development. The data were from (1) focus group interviews with sign language

teachers (N = 3); (2) annotated DSGS data from users/learners with various

levels of proficiency (i.e., deaf native signers of DSGS, hearing sign language

interpreters, and beginning learners of DSGS, approximately CEFR level A1-

A2) (N = 28) who completed different signing tasks that were manipulated by

preparation time; (3) feedback from raters (N = 3); and (4) complimented with

theory from spoken and sign language fluency.

Results: In the focus group interview, sign language teachers identified a number

of fluency aspects. The annotated DSGS data were analyzed using different

regression models to see how language background and preparation time

for the tasks can predict aspects of fluency (e.g., number and duration of

pauses). Whereas preparation time showed only a slight effect in the annotated

data, language background predicted the occurrence of fluency features that

also informed the scale development. The resulting rating scale consisted of

six criteria, each on a six-point scale. DSGS performances (N = 162) (same

as the annotated data) from the different groups of DSGS users/learners

were rated by three raters. The rated data were analyzed using multi-facet

Rasch measurement. Overall, the rating scale functioned well, with each score

category being modal at some point on the continuum. Results from correlation

and regression analysis of the annotated data and rated DSGS performances

complemented validity evidence of the rating scale.
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Discussion: We argue that the different sources of data serve as a sound

empirical basis for the operationalized “DSGS fluency construct” in the rating

scale. The results of the analyses relating performance data to ratings show

strong validity evidence of the second version of the rating scale. Together, the

objective fluency measures explained 88% of the variance in the rating scores.

KEYWORDS

sign language fluency, sign language fluency rating scale, Swiss German Sign Language
(Deutschschweizerische Gebärdensprache, DSGS), rating scale development, rating
scale validation, multi-facet Rasch analysis, regression analysis

Introduction

Sign language fluency, framed as one component of a general
sign language proficiency, is an area that has received very
little attention within research on sign language education and
assessment. While the components of proficiency in spoken
languages have been described within models of communicative
language ability (e.g., CLA; Bachman and Palmer, 1996) there
have been no attempts so far to define sign language proficiency
within such a model. Components within a model of CLA are,
for example, grammar, vocabulary, pragmatic competence, and
fluency. While some research studies have addressed selected
aspects of sign language fluency (e.g., Lupton, 1998; Notarrigo
and Meurant, 2022), we wanted to extend our current knowledge
about the construct of fluency in sign languages in general, but
also with a particular focus on Swiss German Sign Language
(Deutschschweizerische Gebärdensprache, DSGS). We also wanted
to see how fluency manifests itself in deaf and hearing DSGS signers
with different levels of sign language proficiency. Sign language
fluency is central for sign language mediated communication—
when we know the observable and measurable aspects of fluency,
we can include these fluency aspects in sign language research,
teaching, and assessment. The latter point is relevant for the
purpose of the study at hand: the development and validation of
a fluency rating scale.

For the theoretical basis of this study, we will address (1)
research studies in spoken language fluency, followed by (2)
a general description on the structure of sign languages, and
complemented (3) with research studies on sign language fluency,
and (4) approaches to rating scale development.

Fluency in spoken languages

Fluency in spoken language is investigated in foreign language
learning research and assessment because it is one of the most
salient features of spoken language proficiency (Derwing et al.,
2004). Fluency in spoken language has two notions (Lennon, 1990).
The first notion comes from the way “fluency” is used in lay terms.
This broad notion of fluency refers to overall proficiency in (oral)
language use. For instance, to qualify language proficiency for a CV,
people may use the term “fluent” to denote a high (oral) proficiency.
The current paper, however, is concerned with the narrow notion of
fluency which involves the ease or fluidity with which a speaker can

go through all the steps to get from a message to articulation. This
means that, within this narrow definition, fluency can be measured
by investigating the temporal aspects of speech: speed, pauses,
repetitions, and repairs (Tavakoli et al., 2020). This framework of
fluency will serve as the basis for our study, supplemented with
studies on sign language fluency.

Segalowitz (2010) made a distinction between such measurable
aspects of fluency (“utterance fluency”) and the underlying ability
of the speaker to go through all the processes easily (“cognitive
fluency”). The third aspect that plays a role is “perceived fluency,”
at least in the field of language assessment, in which raters make a
judgment about the level of proficiency based on what they perceive
about the fluency of the speaker. Concerning spoken language,
many researchers have investigated the relation between utterance
fluency and perceived fluency (e.g., Bosker et al., 2013; Cucchiarini
et al., 2000; Derwing et al., 2004; Kormos and Dénes, 2004) and
it can be concluded that raters, when given a precise definition
of (aspects of utterance) fluency, indeed base their judgements on
speed of speech, pauses, repetitions, and repairs (Bosker et al., 2013;
see Suzuki et al., 2021 for a meta-analysis). There has also been
some research to investigate the relation between cognitive fluency
and utterance fluency. For instance, researchers have investigated
the effect of task difficulty (when a task becomes cognitively harder
at some stage in the speech production process) on utterance
fluency. From these studies, it can be concluded that increasing
cognitive difficulty (Goldman-Eisler, 1973; Felker et al., 2019) or
syntactic difficulty (Sadri Mirdamadi and De Jong, 2015) leads
to a decrease in utterance fluency (more silent pauses, more
filled pauses, slow-down in speech). Also, allowing more pre-task
planning time leads to an increase in utterance fluency (Yuan and
Ellis, 2003).

Whether investigating the relationship between utterance
fluency and cognitive fluency or investigating the relationship
between utterance fluency and perceived fluency, the notion of
utterance fluency should be the most straightforward to measure
as it is the only tangible aspect of fluency. Within utterance
fluency, three main types of fluency have been proposed and
are usually measured. First of all, speed fluency refers to the
pace at which a person speaks and can be measured by number
of syllables per second. Breakdown fluency is the number of
times speech gets interrupted when speech “breaks down.” These
breakdowns can be silent pauses or filled pauses (such as “uhm”).
Fewer and shorter breakdowns mean more fluent communication
compared to many and long breakdowns. Repair fluency deals
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with the number of repetitions and self-repairs where fewer
repetitions and repairs mean more fluent communication. Like
speed fluency, the measures for breakdown and repair fluency are
usually normalized for (spoken) time, to allow comparison between
speaking performances of different lengths.

Structure of sign languages

A widely held misconception of sign languages is that they
are universal. Sign languages share some features arising from
their common visual-spatial modality, and they also appear to
share some features of gestural communication (e.g., Emmorey
and Herzig, 2003). However, sign languages are distinct from
each other, as cross-sign language studies have shown (Zeshan,
2004a, 2004b; Zeshan and Perniss, 2008). There is even evidence
of regional variation within some sign languages, for example, the
sign language under investigation: Swiss German Sign Language
(Deutschschweizerische Gebärdensprache, DSGS). DSGS has no
standardized form but is composed of five regional dialects (Boyes
Braem, 1984).

The structure of the lexicon of sign languages is different than
for spoken languages (e.g., Johnston and Schembri, 2007; König
et al., 2012). The lexicon is split into a native and a non-native sign
language lexicon. Only the native lexicon is relevant for the purpose
of this study. The native lexicon consists of two subcategories,
the conventional and the productive lexicon. The conventional (or,
established) lexicon is made up of signs that show a stable form-
meaning relationship; for example, the German Sign Language sign
for AUTO (“car”) can be used in different contexts without any
change in meaning (König et al., 2012) [AUTO is an example of
a sign language gloss, a label reflecting a principal aspect of the
meaning of a sign (Ebling, 2016). Glosses are typically written in
all caps. In this paper, the German glosses for DSGS signs are
complemented with the English meaning in parentheses.]. Sign
forms that are part of the productive lexicon are produced and
understood in a specific context to convey a specific meaning. The
signs themselves are not conventionalized, but their sub-lexical
units are. The sub-lexical units of productive signs are combined
in a specific context to convey, for example, the meaning of “a
person is passing by.” To represent the concept of “person,” the
signer needs to select a specific handshape (often a single upright
index finger) and the location, movement, and orientation of the
hand, then transmit the meaning of how and from where the person
is passing by and with what kind of path (straight, wavy, etc.)
(Johnston and Schembri, 2007).

The articulators in sign languages have been divided into two
distinct categories: manual and non-manual components (Boyes
Braem, 1995). The manual components are the hands and the
arms. Non-manual components include, for example, mouth,
cheeks, eyes, eyebrows, eye gaze and positions and movements
of the head and the upper torso (Boyes Braem, 1995; Sutton-
Spence and Woll, 1999). Manual and non-manual components
are usually produced simultaneously. Non-manual components
convey relevant linguistic information, for example, differentiating
a statement from a question by means of different head positions
and raised eyebrows (Boyes Braem, 1995). It is known from studies
on adult learners of sign language as L2 that the coordination of

manual and non-manual components poses a challenge in their
acquisition process (e.g., Woll, 2013).

Prosody in sign languages
Sign language prosody is realized by modifying the manual and

non-manual components of signs on the lexical and sentence level
(Brentari et al., 2018). Such markers of prosody in sign languages
include, for example, a longer movement of a sign, or the final
hold of a sign (i.e., pausing; Wilbur and Malaia, 2018) together
with non-manual activities, such as eye gaze, eyebrow movements,
movement of the head or upper torso. The co-occurrence of
manual and non-manual components in sign language prosody
support the differentiation between meaning and structure, e.g.,
raised eyebrows differentiate between a statement and a question
(Brentari, 1998). Non-manual markers are used to signals prosodic
boundaries between sentences (Sandler, 2012), sentence types
(Wilbur, 2000), and are used to structure larger units of discourses
(Sandler, 2012).

Sign language fluency is related to intonation and prosody in
sign language. The use of complex prosodic markers might requires
a high level of proficiency in both prosody and fluency (Kanto and
Haapanen, 2020). However, “[t]he connections between prosodic,
foreign accent and fluency features in sign language demand further
study.” (Kanto and Haapanen, 2020, p. 101).

Fluency in sign languages

The available research on fluency in sign languages is rather
sparse. Even though some of the aspects of fluency in spoken
languages (e.g., pauses, speed of speaking) can also be found in sign
languages, others are modality-specific, such as the simultaneous
coordination of manual and non-manual activities. In one of the
first studies on fluency in a sign language, pauses and signing speed
were some of the aspects that were also reported for American
Sign Language (ASL; Lupton, 1998). Some studies investigated the
difference between deaf L1 and hearing L2 users of a sign language,
for example, utterance fluency in Finnish Sign Language (FinSL;
Sipronen and Kanto, 2022). Even though the results show a lot
of variation within and between groups (L1: n = 5; L2: n = 5),
the authors conclude that L1 users of FinSL produce more signs
(i.e., speed of signing) and have fewer and shorter breakdowns
(i.e., number and length of pauses) than L2 users. A difference
in signing speed between deaf L1 and hearing L2 learners of a
sign language has also been reported in studies for ASL and FinSL
(ASL: Cull, 2014; Hilger, 2013; FinSL: Sipronen, 2018). Differences
in signing speed were also observed within deaf sign language
users who acquired French Belgium Sign Language (Langue des
signes de Belgique francophone, LSFB) at different stages of their life
(Notarrigo, 2017).

A closer look at different types of pauses—as has been
suggested for spoken languages (i.e., filled, unfilled)—shows a
different pattern in sign language. Notarrigo and Meurant (2014)
argue that the concept of “unfilled pauses” does not hold for
LSFB since even when no manual activities can be observed,
there always will be activities in the non-manual channel (e.g.,
eye gaze, movements of the head). As for manual components
during unfilled pauses, Sipronen (2018) observed in her FinSL
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data that signers remove their hands from signing space (i.e.,
moved the hands down). The concept of “filled pauses” has been
confirmed in a study on hesitation markers in Sign Language
of the Netherlands (Nederlandse Gebarentaal, NGT; Spijker and
Oomen, 2023). Filled pauses can be realized by using the PALM-
UP non-lexical sign/gesture or finger wiggling. PALM-UP is a
one- or two-handed non-lexical sign which is placed in neutral
signing space, palms facing up. Pauses can occur at the beginning,
the end, or between signs (Notarrigo, 2017). The existence of
filled pauses like PALM-UP have also been reported for ASL
(Emmorey, 2002).

There also seems to be a consistent use of non-manual
components during the production of pauses and potential
(dis)fluency markers like the PALM-UP in LSFB (Notarrigo and
Meurant, 2014). This result for LSFB shows the importance of
coordinating manual and non-manual activities during (dis)fluent
signing. The co-occurrence of non-manual behavior (in this case:
a change in eye-gaze) with manual hesitation markers has also
been reported in a study for NGT (Spijker and Oomen, 2023). The
authors of the NGT study also found a difference in the use of
manual hesitation markers in monologs and dialogs: PALM-UP is
used most often as a hesitation marker in dialogs, and holds (i.e., no
motion of the hands) in monologs.

Notarrigo (2017) identified in her research further aspects
of fluency, like repetitions, the use of an index directed toward
an unspecific location as markers of fluency in sign language.
In a different study on LSFB also reformulations were observed
(Notarrigo and Meurant, 2022).

The reviewed studies on spoken and sign language fluency
will partly inform the development of the fluency rating scale
for DSGS. In relation to the study at hand, we would expect
to see (also) performance differences across the three proficiency
groups of sign language users (i.e., deaf native signers, hearing
sign language interpreters, and beginning learners of DSGS), for
example, regarding number or duration of produced pauses.

Assessment of fluency in sign languages
To the best of the authors’ knowledge, no specific fluency

measure for sign languages exists. There are, however, instruments
that assess fluency as part of a larger sign language proficiency
construct, for example, the Sign Language Proficiency Interview
(SLPI; Newell et al., 1983). The SLPI is an adaptation of the Oral
Proficiency Interview for English and was originally developed
to assess proficiency of ASL in hearing faculty and staff at the
Rochester Institute of Technology, USA. Signed productions are
analyzed according to their form and function at eleven different
proficiency levels ranging from “No Functional Skills” to “Superior
Plus.” “Fluency” is represented in the criterion “Production and
Fluency” as a sub-construct to assess if the signing is at normal
rate with appropriate pausing (Caccamise and Newell, 1999). An
additional description of this criterion ranges from “native/near-
native” to “very slow.” No further information is available.

Approaches to rating scale development

Different approaches to rating scale development have been
proposed in the literature (for an overview, see Knoch et al., 2021).

Fulcher (2003) compares two contrasting approaches to rating scale
development: (1) the measurement-driven (e.g., expert opinions’)
or (2) performance-driven approaches (e.g., performances of
learners). One possible measurement-driven approach is, for
example, the “a priori” method. Here, individuals or a committee
who are experts in language teaching and assessment are consulted
for scale development. The bases are often existing descriptors of
previous rating scales. This approach is often used in proficiency
testing and allows the testing of general communicative language
ability (Fulcher et al., 2011). The disadvantage of this “a priori”
method is that it does not describe language development (e.g.,
Montee and Malone, 2013). In contrast, performance-driven
approaches rely on actual speaking performances, which need to
be transcribed. Performance features are then identified that will
inform the actual descriptors or criteria of the rating scale (Fulcher
et al., 2011). Different levels based on the identified features can
be established by using discriminant analysis, and each level has
a different set of descriptors that go back to the primary analysis
of the speaking performances. The disadvantage of this approach
is that it cannot be generalized outside a specific language testing
context (Fulcher et al., 2011).

Montee and Malone (2013) identified four main approaches to
rating scale development: (1) “a priori” scales, (2) theoretically-
based scales, (3) empirical-derived scales, (4) and learning-
goal or syllabus-derived scale development. (1) The “a priori”
scale approach reflects the same method as presented by
Fulcher et al. (2011) as an example for measurement-driven
approaches. (2) Scales that are derived or informed by theories
of language acquisition to reflect language learning progression.
This approach should reflect current knowledge of language
acquisition. (3) Empirical-derived scales are comparable to the
example from Fulcher et al. (2011) on performance-based rating
scale development. (4) Scales that are motived or informed by
learning-goals or a language syllabus. This approach is good
for achievement testing, but not for large scale testing. Whereas
Fulcher (2003) argues more for a dichotomous approach of rating
scale development (i.e., measurement- vs. performance-driven),
Montee and Malone (2013) go one step further and argue for
“hybrid” approaches, that is, a combination of different approaches.

Knoch et al. (2021) investigated in a systematic review
of the literature if the dichotomy of measurement-driven vs.
performance-based approaches is held in real-world rating scale
construction. For this purpose, the authors reviewed 36 peer-
reviewed articles. One of their findings is that 32 of the 36
studies used 3 or more sources (up to 7) for rating scale
development. Of these 36 studies, 35 drew from performance
data, 34 on the involvement of raters, and 19 on a review
of the literature, for example, on a theory of language. Knoch
et al. (2021) conclude that “real-world rating scale development
typically relies on a variation of sources” (p. 618). The authors
propose a model of test-external and test-internal sources that
influence the rating scale construct. Test-external sources include
(1) theory/literature review, (2) expert intuition, (3) language
proficiency frameworks, (4) target language use domain analysis,
(5) existing scales, and (6) curriculum/syllabus. Test-internal
sources include (1) performance samples, (2) rater background, (3)
rater feedback and (4) rater performance data, and (5) assessment
tasks.
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For the purpose of the current study, the development of
a fluency rating scale for DSGS, we also drew from different
sources during the rating scale development (both test-external
and test-internal): (1) the review of the literature on spoken
and sign language fluency, (2) expert intuitions (i.e., a focus
group interview with sign language teachers, feedback from
annotators), (3) performance samples (i.e., analysis of signing
tasks), (4) and raters’ feedback. With these different sources
we build a rating scale which may be adapted and used in
future DSGS assessments. The objective of the current study is
to answer the question of how to characterize a valid fluency
rating scale for DSGS.

There are a number of studies that report on different
methodologies to establish validity evidence on sign language tests.
Examples are the American Sign Language Sentence Reproduction
Test (Hauser et al., 2008) and the Sign Repetition Test for Swedish
Sign Language (Holmström et al., 2023). For the purpose of our
study, we refer to the Standards for Educational and Psychological
Testing [American Educational Research Association (AERA),
American Psychological Association (APA), and National Council
on Measurement in Education (NCME), 2014, henceforth the
Standards].

According to the Standards, validity refers to the degree to
which evidence and theory support the interpretations of test scores
for proposed uses (p. 11). Therefore, to develop a valid test, test
developers must begin by stating the proposed interpretation of
the test scores. This includes specifying the construct the test is
intended to measure. As the current study does not develop a
test, we will not validate interpretations of test scores. However,
to reach the objective of characterizing a valid rating scale, we do
seek sources of evidence to operationalize the construct of fluency.
These sources of evidence can be linked to the sources of evidence
as stated in the Standards.

Research question

The review of the literature on spoken and sign language
fluency and the different approaches to rating scale development
have informed the following main research question:

What are the characteristics of a valid rating scale for Swiss
German Sign Language fluency?

In order to address this research question, we will draw on input
from theory and different kinds of empirical data.

Materials and methods

A mixed-method approach (e.g., Jang et al., 2014) was applied.
The different approaches will be addressed in this section.

This section consists of six main parts: (1) Description of
the different study participant groups (sign language teachers
for the focus group, DSGS users/learners of signing tasks, raters
of DSGS performances), (2) the development of instruments
(metadata questionnaire) and materials (focus group protocol,
signing tasks), (3) methods for data processing and analysis (i.e.,
analysis of the focus group interview, creation of annotation
schema, transcription and annotation of signing tasks, statistical

analysis of annotated data), and (4) development and use of the
fluency rating scale (version 1 and 2), (5) statistical analysis of rated
DSGS performances, and (6) statistical analysis of annotated and
rated data together.

Participant groups

For the purpose of this study, we recruited (1) sign language
teachers for the focus group interview, (2) deaf and hearing DSGS
users with different proficiency levels to complete the signing tasks,
and (3) raters to assess the DSGS performances of the signing
tasks. Prior to the study, ethical approval was obtained from the
first author’s university. All study participants received information
about the goal of the project and signed an informed consent form,
both of which were available in written German and DSGS.

Sign language teachers for focus group interview
Three deaf sign language teachers participated in the focus

group interview. Two of them were female, one was male. They
were 46, 47, and 78 years old. All three consider themselves
culturally deaf and belong to the Deaf1 community. Two have at
least one deaf parent, one has hearing parents. Two of them have
previously worked as sign language teachers and the other still
does. Two teachers indicated that they use DSGS as their preferred
means of communication in everyday life (One did not provide any
information, but it can be assumed that s/he also used DSGS in
everyday life since working as a sign language teacher requires a
high level of DSGS proficiency, cultural knowledge, and interaction
within the Deaf community). The focus group was moderated by a
deaf researcher.

Sign language users completing the signing tasks
The group of sign language users completing the tasks (N = 28)

was made up of three different sub-groups who differed in regard to
their DSGS proficiency/experience: (1) deaf native signers of DSGS
(L1 DSGS; n = 8); (2) advanced hearing users of DSGS as L2 (in this
case: sign language interpreters; L2 SLI; n = 9), and (3) beginning
hearing learners of DSGS as L2 (at CEFR levels A1 and A2; L2
A1/A2; n = 11). Of these 28 study participants, 2 were male, 25
female, and 1 identified as diverse. Their age ranged between 20 and
61 years (M = 40.53, SD = 11.84) (see also Supplementary Table 1).

All L1 DSGS participants (n = 8) were between 20 and 48 years
old (M = 33.25, SD = 8.01). They had deaf parents and the majority
(7 out of 8) reported having used DSGS (or another sign language)
with their family at home (one participant started to learn DSGS
at age 10). All L1 DSGS participants used DSGS as their primary
means of communication in everyday life. They defined themselves
as culturally deaf and were members of the Deaf community. Asked
about their own DSGS competence on an 11-point standardized
self-assessment scale for language proficiency (LEAP-Q; Marian
et al., 2007) study participants placed themselves between 9 and

1 The term “Deaf” (capitalized) is used when referring to sociocultural
entities such as “Deaf community,” whereas the more inclusive “deaf” (not
capitalized) refers to individuals rather than groups to account for the
increasing diversity of identities and language practices of people who are
deaf or hard-of-hearing (Kusters et al., 2017).
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10 for DSGS comprehension (where 0 = no proficiency and
10 = perfect proficiency) (M = 9.87, SD = 0.35) and between 7 and
10 for DSGS production (M = 8.87, SD = 1.12).

The L2 SLI participants (n = 9) were all trained sign language
interpreters (SLI). They were between 28 and 61 years old
(M = 40.89, SD = 11.34) and had been using DSGS for between
7 and 28 years (M = 17.67, SD = 7.40). They rated their DSGS
comprehension skills between 4 and 8 (M = 7.22, SD = 1.3)
and their DSGS productive skills between 3 and 8 (M = 6.78,
SD = 1.56) on the LEAP-Q. All were currently working as sign
language interpreters.

The L2 A1/A2 users (n = 11) were between 23 and 61 years old
(M = 45.54, SD = 12.68). They had been learning DSGS for 2 to
9 years (M = 3.9, SD = 2.38). They rated their DSGS comprehension
skills between 2 and 5 (M = 3.18, SD = 0.98) and their DSGS
productive skills between 1 and 5 (M = 3.0, SD = 1.26) on the
LEAP-Q. The information provided about study participants’ DSGS
course work is incomplete. But since we only asked for study
participants attending in-person A1 and A2 level courses, those
who provided no—or only limited—information can be assumed
to be at CEFR level A1 or A2.

All 28 participants were recruited through personal and
professional networks of the research team. They were reimbursed
for their travel expenses to the HfH in Zurich and received 50.-
Swiss Francs as compensation.

Raters of signed performances
All three deaf raters were female and 36, 41, and 42 years

old. They were trained sign language teachers who had obtained
their qualification between 2009 and 2022 and were currently
working in this profession. The same three raters were involved
in rating DSGS performances with version 1 and version 2 of the
fluency rating scale.

Instruments and materials development

Metadata questionnaire
For the purpose of the study, a metadata questionnaire

was developed. It was filled out by all study participants.
The questionnaire was provided online in LimeSurvey.2 The
questionnaire items were available in written German and DSGS.
The survey consisted of nine parts. Parts 1 and 2 included
items on the background information of the participants, such
as their year of birth, gender, where they grew up and have
lived, their cultural and audiological hearing status, and possible
use of hearing aids or cochlear implants. Part 3 asked about the
hearing status of and language use with deaf and hearing family
members. Parts 4 and 5 included questions about participants’
schooling and professional education, including questions about
their current position/work experience. Parts 6, 7, and 9 focused on
participants’ language skills with a particular focus on their DSGS
and German skills. Part 8 focused on where (hearing) participants
had learned DSGS.

2 https://www.limesurvey.org

Focus group protocol
Focus groups are a qualitative research method which is also

used within applied linguistics (Dörnyei, 2007) with the goal to
bring together a group of people sharing a similar background
(as in our case: sign language teachers) to discuss a specific topic,
exchange experiences, provide feedback, or share ideas on a topic
specified by a researcher (Ho, 2013; Krueger and Casey, 2015).

The goal of the focus group in this study was to learn
from the intuitions of experts what characteristics of signing
can be indicators of sign language fluency to inform the rating
scale development. For this purpose, a focus group protocol was
developed. The focus group was moderated by a deaf researcher.
The protocol of the focus group defined three parts. In Part 1,
members of the focus group discussed, and named and categorized,
what the possible aspects of fluency in DSGS could be. In Part
2, members received a short input on different aspects of fluency
(based on theory for spoken languages, e.g., pausing, repetitions,
speed of signing) by the moderator and had to match it with the
results of Part 1. In Part 3, participants saw some performances of
DSGS users from the signing tasks (see section “Signing tasks”) and
applied the different aspects from Part 1 and 2 to the performances.
The focus group was video-recorded for later analysis.

Signing tasks
In order to investigate the construct of fluency in DSGS,

tasks parallel to those developed at Leiden University for Dutch
L2 learners of spoken English were developed for the current
study. The 12 tasks were manipulated by task complexity (simple,
complex) and preparation time (with and without). First, the study
participants had to complete six tasks with no preparation time:
a simple story-telling task, a complex story-telling task, a simple
arrangement task, a complex arrangement task, and a set of two
tasks which started with a simple part (comparison) followed by a
more complex part (reasoning). Following these, six similar tasks
with preparation time were completed. The signing tasks were
embedded in a PowerPoint presentation. All instructions were
either available in written German (L2 SLI and L2 A1/A2 groups)
or in DSGS (L1 DSGS group). Four different versions of the tasks
with (1) storytelling, (2) tasks with seating plan/arrangement were
created, and (3) two different sets of tasks for comparing and
reasoning were created. Thus, we could create four versions of
the PowerPoint to make sure that participants never repeated the
same versions of the storytelling, arrangement, and compare and
reasoning tasks (Supplementary Table 2).

Each version of the signing tasks was administered in the same
way: First, study participants saw or read a general instruction
about the signing tasks, followed by the instructions to introduce
themselves in DSGS, before the actual tasks began. The participants
saw instruction on a slide in German or DSGS and on the next
slide(s) was the actual task (pictures, sometimes with short texts).
For the first six tasks, they received only a short time to look at
the pictures before they should start signing (without preparation).
In the final six tasks, they had two minutes preparation time for
each task. Figure 1 shows an example of a simple arrangement task
without preparation time (Task 3, Sub-Type 1, Version A). The
signing tasks were piloted with two deaf L1 signers and two hearing
users of DSGS. The results of the pilot led to revisions in the task
instructions and the layout of the pictures of the tasks. The pilot
data was not included in the analysis.
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FIGURE 1

Simple task type “Seating plan/arrangements” (Task 3, Sub-Type 1, Version A).

Individual sessions were scheduled for each participant.
Each session lasted approximately 20–30 min and took place
at the HfH in Zurich. Each session was video-recorded for
later transcription and annotation. The sessions with the deaf
participants were moderated by a deaf researcher, the sessions

with the hearing participants by a hearing researcher. These
transcribed and annotated data informed the development of the
first and second version of the fluency rating scale. Due to financial
constraints, only 6 of the 12 tasks could be annotated across all
study participants.
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Data processing and analysis of focus
group and signing tasks

Analysis of focus group interview
The focus group discussion was video-recorded from three

different angles and afterward translated into spoken German
by a sign language interpreter. The translation (audio file)
was automatically transcribed by the commercial speech-to-text
provider Amberscript3 and later post-edited (i.e., double-checking
of the text files with the audio file) by a Bachelor student of
the sign language interpreting program at the HfH. The clean
transcripts were then analyzed using ATLAS.ti,4 a commercial
software for the analysis of qualitative research data. Data was only
processed and stored locally. We applied the so called “scissor-
and-sort” technique (Stewart and Shamdasani, 2014). Applying
this method did not require the entire transcript to be coded, but
only selected sections that were relevant to the research purpose
(Stewart and Shamdasani, 2014), i.e., aspects of fluency to inform
the development of the rating scale. The step of selecting relevant
sections in the transcript was done by the first author.

In the next step, coding categories were developed as the
basis for the analysis of the transcripts. The first version of the
coding categories was informed by themes that occurred during
the selections of the sections in the transcript. Another Bachelor
student of the sign language interpreter program at the HfH,
who already was experienced in coding interviews, applied the
coding categories to the transcript. To familiarize her-/himself
with the software and the process of coding, the student received
a different transcript (i.e., memory log of a rater with feedback
to the first version of the rating scale). Then s/he started with
the coding of the focus group transcript. During the process
of coding the focus group transcript the student had regular
exchanges with the first author (i.e., in person and by email) to
solve issues in the application of the codes. In this process, the
coding categories were revised (e.g., sub-codes were removed in
favor of main codes only, new codes were added, old codes were
removed; the wording of the codes was not changed). The process
of coding “may require several passes through the transcript as
categories of topics evolve” (Stewart and Shamdasani, 2014, p. 124).
The student applied version 2 of the coding categories again to
the focus group transcript. The final version of the document
with the coding categories included 11 categories (version 1: 12),
for example, pauses, repetitions, use of non-manual components,
signing speed, self-corrections, rhythm of signing, and different
categories related to fingerspelling. The coding categories can be
found in Table 1.

Transcription and annotations of the signing tasks
In the first stage of the DSGS fluency project, we adopted the

schema and the process for transcribing and annotating continuous
sign language data developed by Battisti et al. (2024). The schema
encompasses the identification and labeling of the manual and
non-manual components co-occurring at the sign and sentence

3 Amberscript is compliant with the General Data Protection Regulation
(GDPR) of the European Union; https://www.amberscript.com/en/data-
security-and-privacy/.

4 https://atlasti.com

levels (see Structure of sign languages). Each of these components
corresponds to a tier within an annotation transcript in iLex, a
software for sign language research developed by the University of
Hamburg (Hanke and Storz, 2008). For the purpose of our study, we
enhanced this schema by incorporating elements relevant to sign
language fluency, such as pauses.

The process included the transcription and annotation of the
data in iLex (Figure 2). In the transcription step, the video data
were segmented and tokenized; while in the annotation step, the
data were enriched with information (e.g., Konrad, 2011). For the
remainder of this paper, the term “annotation” will be used to refer
to both concepts.

Among the manual components, glosses were segmented and
labeled as either productive or lexical signs (see Structure of
sign languages). In the gloss tier, we identified specific manual
markers—as informed by theory from sign language fluency—that
we labeled as “manual markers of hesitations,” including non-
lexical signs/gestures, for example, PALM-UP, finger wiggling, and
holds (see Fluency in sign languages).

With regard to non-manual components, we were interested
in the use of mouth actions (mouthing and mouth gestures),
eyebrow movement, head movement, and gaze movement. In
a specific tier, four categories of hesitation were annotated:
(1) pauses, (2) stretched signs, (3) self-corrections, and (4)
sign repetitions.

Due to financial constraints, it was not possible to annotate
all 12 tasks from all 28 participants. In order to make an
informed decision how to reduce the number of tasks that
should be annotated, the spoken Dutch data were analyzed. 20
Dutch learners of English at A2 level performed the twelve tasks
(Naber, 2021) which were analyzed automatically for fluency
through a PRAAT (Boersma and Weenink, 2016) script (De
Jong et al., 2021). The results revealed that if there were
differences between simple and complex tasks, these were in
the opposite direction from hypothesized. Likely, an order
effect led to the result that the complex tasks were sometimes
carried out with more fluency compared to the simple matched
counterpart-tasks. As hypothesized, however, planning time did
lead to more fluent spoken performances. Therefore, only the
six simple tasks under the “with and without preparation time”
conditions were annotated. An additional measure to reduce
the amount of annotation time was to transcribe only the
first 15 and the middle 15 s of the signed performances.
In the middle of the task, signers are likely to perform at
their level of proficiency. Additionally, by including the initial
15 s, we maximize the potential effect of preparation, as
the start of the performance includes initial conceptualization
of what to say. In total 82.86 min of DSGS videos were
annotated.

Four deaf sign language teachers with experience in conducting
research (n = 3) and annotating DSGS data in iLex (n = 2) annotated
the DSGS video data. The annotators had an initial training and
then annotated the data on their own. They established regular
exchanges to clarify annotation issues in DSGS using Glide,5 a
video chat app. Since it was not possible to introduce a four-eye
principle for some of the annotations to investigate inter-annotator

5 https://glide.me
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TABLE 1 Overview of coding categories applied to the focus group transcript (training session and analysis).

Categories Description of the categories Comments Training session Analysis

Pauses This category contains the topic of pauses, which can have
different characteristics, e.g., the number and length of pauses.

Use this category if you are
talking about pauses in
general or the number and
length of pauses

x (including number and
length of pauses as
separate sub-categories)

x

Use of non-manual
components

This category refers to the description of the use of non-manual
components (NMC; e.g., facial expressions, eyebrows, eye gaze).
This category is about the appropriate use of NMCs or about the
fact that too few NMC are used by DSGS users. However, it can
also be about the simultaneous use (or difficulty) of manual and
non-manual components.

x x

Speed of signing This category describes the speed of signing. It is about the
extent to which slow signing can (negatively) influence
comprehension. A natural speed supports comprehension.
DSGS learners tend to sign more slowly than L1 users.

x x

Repetitions This category describes the number of repetitions. If a sign
language user repeats a sign (correctly) without correcting the
sign or does not use any other sign, this is a repetition. A lot of
repetitions can hinder the flow of signing and impact
comprehension negatively. Very few repetitions are good for the
signing flow and support comprehension. DSGS learners tend to
make more repetitions than L1 users.

x x

Self-correction The category describes the number of self-corrections. If a sign
language user produces a sign “incorrectly” (e.g., incorrect hand
shape) and then corrects him-/herself or uses a completely
different sign, this is a self-correction. A large number of
self-corrections can hinder the flow of signing and can hinder
comprehension. Very few self-corrections are good to the flow
of signing and support comprehension. DSGS learners tend to
make more self-corrections than L1 users.

x x

Rhythm of signing This category describes the rhythm of signing, i.e., whether
someone signs fluently, loosely and relaxed. This is a kind of
general description of the flow of signing and is much less
specific than the other categories.

x x

Use of fingerspelling This category is about the use of fingerspelling for different
purposes.

Uses this category if the use
of the fingerspelling is not
specified.

x x

Use of fingerspelling
for lexical gaps

This category describes the extent to which fingerspelling is used
as a strategy when signs are unknown.

x (as sub-category of
finger spelling)

x

Use of fingerspelling
for names

This category describes whether fingerspelling is used to
introduce names of people or places.

x (as sub-category of
finger spelling)

x

Finger wiggling No fingerspelling, but the hand is in the signing space (tends to
be next to the upper body), finger movements as in the DSGS
sign WIE VIEL

N/A x

Stretched signs Signs are produced “stretched” or “elongated” N/A x

reliability, the four annotators established conventions within the
group and solved disagreements through their regular exchange
in the Glide group. The conventions were documented in written
form and made accessible to all annotators.

Statistical analysis of annotated DSGS data
(signing tasks)

For the statistical analyses of the annotated data and the rated
DSGS performances, we will refer to the numbering of the ten
versions of the signing tasks as introduced in the section “Signing
tasks” (see Supplementary Table 3).

In our exploratory analysis, we investigated speed of signing,
occurrences of hesitation categories, duration of pauses, and co-
occurrence of manual and non-manual components to identify
features in DSGS fluency that differ across three levels of language
background (see Sign language users completing the signing tasks)
and across two levels of preparation time (without and with).

The hesitation categories in this analysis included pauses,
stretched signs, sign repetitions, and self-corrections, categorized
into three language groups. Sign repetitions and self-corrections
were grouped due to their low frequency in the dataset.

Here, we describe only the final models that contributed to
the development of the sign language fluency rating scale. All
models were fitted utilizing the lme4 package in R (Bates et al.,
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FIGURE 2

Example of iLex annotation.

2015), with language background and preparation time included as
fixed effects. To account for within-subject variability, the models
incorporated random intercepts for participants and tasks. We
did not include random slopes for the fixed effects by-subject or
by-item, as these did not yield significant results.

Firstly, we fitted a linear mixed-effect model (LMM) with the
speed of signing as the outcome, defined as the log of the total
signing time without pauses (first hesitation category) divided by
the total number of glosses in the annotated data.

Secondly, we assessed the influence of the fixed effects on
each hesitation category by examining the count of hesitation
categories divided by the annotated seconds (excluding
the length of hesitations) to adjust for varying signing
timespans using an LMM.

For the first hesitation category, pauses, we additionally
investigated differences in pause duration among language groups
and across preparation time conditions. Pause duration was defined
as the total pausing time divided by the total number of pauses. We
constructed an LMM, again considering language background and
preparation time as fixed effects without an interaction term and
including random intercepts for participants and tasks.

Lastly, we investigated the occurrence of non-manual markers,
such as mouth gestures and gaze, eyebrow, and head movements
during instances of hesitations. For each non-manual marker, we
fitted a generalized linear mixed-effects model (GLMM) specifying
a binomial family due to the binary nature of the response variable
(presence or absence of the non-manual component). In each
model, as fixed effects, in addition to language background and
preparation time, we included the hesitation category to analyze
its impact on the non-manual component. Only participants were
included as random effects to accommodate individual differences.

Development of the DSGS fluency rating
scales

Two versions of the DSGS fluency rating scale were developed.
First, the development of version 1 will be presented, followed by
the revision that resulted in version 2 of the fluency rating scale.

DSGS fluency rating scale: version 1
Version 1 was informed by (1) by theory from spoken and

sign language fluency research, (2) a preliminary analysis of the
focus group interview (the analysis of the focus group transcript
as described in this paper was only used for version 2 of the rating
scale), and (3) informal feedback from the annotators. Version 1
consisted of ten criteria. All criteria were rated on a 6-point scale,
but only the extreme points were described (e.g., 1 = very rare;
6 = very often). The scale’s wordings were different across all criteria
(the first seven criteria addressed frequency, while, for example, the
criteria for “speed of signing” used 1 = too slow and 6 = too fast, see
Supplementary Image 1). Important to mention is that the scales
for the different criteria were not in the same order. That means,
“1” did not always mean that it was positive or negative for sign
language fluency, i.e., the order of the scales was mixed across all
criteria. The rating scale was implemented in Excel.

Version 1 was used to rate the performances of the L2 A1/A2
learners (a total of 53 performances, each approximately 30 s long,
i.e., the 15 annotated seconds in the beginning and the middle of
the performances). The three raters were trained by one of the deaf
researchers. The training was conducted onsite at the first author’s
university. Raters were trained individually. They first received
input on the scale and definitions of the criteria (also available in
DSGS online), then they rated a few performances and discussed
uncertainties with the deaf trainer, and provided some feedback on
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the rating scale which was documented by the deaf trainer. After the
initial training, the raters received a document with links to a secure
server with the DSGS performances (videos) and the individual
online rating scales. All raters judged all 53 performances. They had
six weeks to complete the rating. Part of the results of version 1
informed the revision of the scale. Version 1 of the rating scale will
be presented in the “Results” section (feedback from the raters).

DSGS fluency rating scale: version 2
Based on (1) theory from spoken and sign language fluency (as

in version 1), (2) feedback from the raters on the use of rating scale
version 1, (3) the analyzed transcripts from the focus group, and
(4) the statistical analysis of the annotated data, version 1 of the
fluency rating scale was revised and resulted in version 2. Version
2 was used to rate the six performances of all the participants
who participated in the signing tasks (N = 28), that is, the L1
DSGS, L2 SLI, and L2 A1/A2 groups. In six cases, only five DSGS
performances were available. All DSGS performances were rated by
all raters (162 performances). The same three raters were trained
together in an online session by a deaf trainer. Similar to the rating
of the performances with version 1, raters received a document
with links to a secure server to the videos and the individual
scoring sheets online (in Microsoft Excel). They had two months
to complete the rating task and had the possibility to get in touch
with the trainer of the rating scale. Version 2 of the rating scale will
be presented in the “Results” section.

Analysis of rated performances with version 2
We analyzed the rater and DSGS performance data for version

2 of the rating scale, as well as the rating scale structure, with
many-facets Rasch measurement (MFRM; Linacre, 1994) using
the software package Facets (Linacre, 2023). A 6-facet model was
specified:

Rater: The three raters.
Signer: The 28 signers (participants completing

the signing tasks).
Language background: The three different language

backgrounds of the signers (L1 DSGS, n = 8; L2 SLI, n = 9;
and L2 A1/A2; n = 11). This facet was dummied (i.e., all elements
were anchored at 0 logits) as the signer’s language was nested
within the signers. The facet was included to study differences
between the three signer groups.

Task: The 10 tasks (i.e., four versions of the simple story task,
four versions of the simple arrangement task, and two versions of
the compare/reasoning task, see Supplementary Table 2).

Preparation: The two different conditions for the
administration of the tasks (with and without preparation
time). This facet was dummied (i.e., both elements were anchored
at 0 logits) as the preparation condition was nested within the
tasks. The facet was included to study differences between the two
preparation conditions.

Criterion: The six rating criteria of the rating scale.
We first ran the analysis with all the data to study model

fit, rater reliability, language background interactions, effects of
preparation time, and overall rating scale structure. In a second
step, we ran the analysis separately for each rating criterion
(including only the data for the respective criterion each time) to
study the criteria’s individual scale structures.

Analysis of annotated data and rated
performances with version 2

The goal of this statistical analysis is to see if the aspects
of fluency in the annotated data can predict the ratings of the
DSGS performances. For this reason, we will concatenate the
measures from the annotations in all tasks and correlate aspects
of fluency of the annotated concatenated data (objective scores)
with their “equivalent” in the rated data (fair averages of the
specific criteria, i.e., subjective scores). For example, we correlate
the number of pauses per second with the fair average score for
the criterion number of pauses. Similarly, we correlate objective
and subjective scores for average length of pauses, average sign
duration (the inverse of signing speed), repetitions, and self-
corrections. We would expect negative correlations since, for
example, the lower the number of annotated pauses is, the
higher the ratings will be with the criterion “number of pauses”
(i.e., max. 6 = fewer pauses). We use transformations of the
measures when data are not normally distributed. Additionally,
we apply a multiple regression analysis with all objectives scores
as independent variables and the overall calculated fluency score
of the rated data as the dependent variable. This allows us to
gauge the total explained variance of overall rating scores by the
objective measures.

Results

In this section, first the results from version 1 of the rating
scale will be presented, i.e., (1) raters’ feedback. This is followed
by the presentation of additional data analyses, i.e., (2) the focus
group interview, (3) the statistical analysis of the annotated data,
and (4) of the rated DSGS performances, and (5) how the
annotated data can predict the ratings of the DSGS performances.
All analyses (1) to (5) have informed version 2 of the rating
scale.

Results from the use of version 1 of the
DSGS fluency rating scale

Results from raters’ feedback
Raters raised the issue that the 6-point scale was not clear

across all criteria, sometimes “1,” “6” or even the “middle” of
the scale is an indicator for “appropriate” fluency. For example,
it is not necessarily appropriate for fluency when someone
signs too fast (i.e., “6” on the scale). This was changed in
a revised version of the scale (i.e., “6” is always appropriate
for sign language fluency across all criteria). Additionally, the
different criteria for pauses were not always clear to the raters,
it was hard to separate them conceptually. As a consequence,
the number of criteria for pauses in version 2 was reduced
from four to three criteria. The raters also mentioned that
there was a lack of criteria addressing specific non-manual
components (e.g., gaze, eyebrows, or mouth activities). The raters
also suggested to make the rating scale visually more attractive.
These results were implemented into version 2 of the DSGS
fluency rating scale.
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TABLE 2 Frequency of different coding categories in the focus group
transcript (N = 218).

Coding
categories

Frequency Used in revised
rating scale?

Pauses 55 Yes

Use of non-manual
components (e.g., eye
gaze, eyebrows)

38 Yes (moved to “pauses”)

Rhythm 30 No

Repetitions 28 Yes

Speed of signing 24 Yes

Finger wiggling 16 Yes (moved to “pauses”)

Stretched signs 15 No

Self-corrections 12 Yes

Results that informed version 2 of the
DSGS fluency rating scale

Results from focus group interview
The goal of the focus group interview was to tap into the

experiences of sign language teachers regarding different aspects of
fluency. During the focus group interview, participants discussed
different aspects of fluency, received input on fluency, and applied
the discussed aspects of fluency to actual DSGS performances.
The goal of the analysis of the focus group interview was to see
which aspects of fluency the sign language teachers discussed.
In total, 218 times one of the coding categories was applied
throughout the transcript and informed the revision of the rating
scale (version 2). Three of the eleven coding categories (all related to
fingerspelling) were not applied at all. The frequency of the applied
coding categories is presented in Table 2. The use of non-manual
components was not included as a separate criterion since manual
and non-manual components are (mostly) produced together in
sign language production (e.g., Hilger et al., 2015). Consequently,
non-manual components were taken together with the production
of pauses. Rhythm was not included in version 2 of the rating scale
since it is a holistic criterion, whereas the other criteria are analytic
in nature. The category “stretched signs” was also not included in
version 2 of the rating scale as a separate criterion because it has an
overlap with “speed of signing,” that is, producing many stretched
signs results in fewer signs/slow signing. Finger wiggling, applied
as a separate code to the transcripts, was categorized under pauses.
All remaining categories were included into version 2 of the fluency
rating scale.

Statistical results from annotated data (signing
tasks)
Speed of signing

We first analyzed the speed of signing. Being in the L2 A1/A2
language group significantly increased the average duration of a
sign by approximately 1.50 times, or 50%, compared to the L1
DSGS reference group. This effect was significant (p < 0.001). The
difference between L2 SLI and DSGS was not significant, nor was
the effect of preparation time. The random effects indicated some
variability in sign duration across individuals (SD = 0.136), but no
variability across different tasks (SD = 0) (Table 3) (All descriptive

statistics of the output Tables 3–5 can be found in Supplementary
Table 4).

Hesitation categories: pauses, stretched signs, and sign
repetitions/self-corrections

To explore the relationship between hesitation categories and
language background, we employed LMMs for each hesitation
category (see Statistical analysis of annotated DSGS data). Table 4
summarizes the outcomes of these models.

In the first model, which focused on pauses, the dependent
variable was the log of the count of pauses divided by the annotated
seconds. L2 SLI participants exhibited approximately 1.589 times
more pauses per second compared to those in the L1 DSGS group.
Similarly, L2 A1/A2 participants showed approximately 2.064 times
more pauses per second compared to L1 DSGS participants. Both
groups demonstrated statistically significant effects (p = 0.048
and p = 0.002, respectively), indicating that language proficiency
significantly influences the number of pauses per second. No
significant effect of preparation time was found. Variability in the
outcome is partially explained by differences between participants,
while no variability was observed between different tasks.

In the second model, the dependent variable was the log of
the count of stretched signs divided by the annotated seconds.
Neither the L2 SLI nor the L2 A1/A2 language background
showed statistically significant effects compared to the L1 DSGS
group. Additionally, preparation time did not show a statistically
significant effect. The variability in the outcome across participants
and tasks underscores individual differences and contextual
influences on hesitation behaviors.

In the third model, which focuses on sign repetitions/self-
corrections, participants from the L2 A1/A2 group exhibited
approximately 2.127 times more sign repetitions and self-
corrections compared to L1 DSGS participants (p = 0.040). The
comparison between L2 SLI and L1 DSGS was not significant,
neither was the effect of preparation time. Random effects analysis
revealed a variance of 0.246 between participants, corresponding
to a standard deviation of 0.496. In contrast, no variability was
observed between different tasks, indicated by zero variance and
standard deviation (Supplementary Image 2 shows examples of
self-corrections and stretched signs).

Supplementary Image 3 illustrates the effect of language
background and preparation time on the three hesitation categories
analyzed (i.e., pauses, stretched signs, sign repetitions/self-
corrections).

Duration of the pauses

The model investigating pause duration revealed that language
background significantly impacted the log duration of pauses,
defined as the total pausing time divided by the number of pauses
for each task. The L2 A1/A2 group showed a significant increase
in pause duration by a factor of approximately 2.231 (p < 0.001),
suggesting that pauses were more than twice as long for this group
compared to the reference group. The comparison between L2
SLI and L1 DSGS was not significant. Preparation time tended
to decrease pause duration by a factor of 0.897, with this effect
approaching significance (p = 0.091). The random effects indicated
substantial variability in pause duration across individuals and
tasks (see Table 3).
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TABLE 3 Results of the models for pause duration and speed of signing.

Pause duration Signing speed

Predictors Estimates CI p Estimates CI p

(Intercept) 0.55 0.43–0.71 < 0.001 0.44 0.39–0.50 < 0.001

L2 SLI 1.26 0.92–1.74 0.151 1.05 0.89–1.23 0.560

L2 A1/A2 2.23 1.64–3.04 < 0.001 1.50 1.29–1.75 < 0.001

With preparation 0.90 0.79–1.02 0.091 1.00 0.93–1.07 0.922

Random effects

σ2 0.16 0.05

τ00 0.08id 0.02id

0.01exercise 0.00exercise

τ11

ρ01

ICC 0.37

N 28id 28id

10exercise 10exercise

Observations 162 162

Marginal R2/conditional R2 0.318/0.571 0.406/0.511

TABLE 4 Results of linear mixed-effect models.

Pauses Streched signs Repetitions/self-corrections

Predictors Estimates CI P Estimates CI P Estimates CI p

(Intercept) 0.38 0.27–0.54 < 0.001 0.10 0.07–0.14 < 0.001 0.09 0.05–0.17 < 0.001

L2 SLI 1.59 1.02–2.47 0.040 1.48 0.93–2.33 0.095 1.07 0.51–2.23 0.852

L2 A1/A2 2.06 1.35–3.15 0.001 1.15 0.73–1.82 0.549 2.13 1.05–4.30 0.036

With preparation 1.11 0.92–1.34 0.283 1.11 0.86–1.42 0.413 0.85 0.59–1.23 0.386

Random effects

σ2 0.37 0.40 0.52

τ00 0.15id 0.12id 0.25id

0.00exercise_x 0.00exercise_x 0.00exercise_x

ICC 0.24

N 28id 28id 27id

10exercise_x 10exercise_x 10exercise_x

Observations 162 106 72

Marginal R2/conditional
R2

0.46/0.329 0.053/0.277 0.156/0.427

Non-manual markers

The relationships between hesitation categories and non-
manual components were analyzed using GLMMs for each
component: mouth actions, and gaze, eyebrow, and head
movement. Each model included fixed effects representing
hesitation categories, language background, and preparation time,
as well as random effects accounting for individual variability
among participants and tasks.

Table 5 reports the results of the selected models. The model
analyzing mouth actions indicates that certain factors significantly
influenced their likelihood. Specifically, repetitions and self-
corrections (hesitation category 3) and L2 A1/A2 were associated

with significantly lower odds of mouth actions (OR = 0.70,
p = 0.038, and OR = 0.41, p = 0.006, respectively), that is the
likelihood or probability of observing mouth actions was lower
compared to L1 DSGS group. There were no significant effects for
preparation time.

For eyebrow movements, the results indicate that stretched
signs and sign repetitions/self-corrections significantly increased
the odds of eyebrow movements compared to the reference
hesitation category, that is pauses (OR = 1.41, p = 0.013, and
OR = 1.98, p < 0.001, respectively). Participants in the L2 A1/A2
group showed a non-significant trend toward reducing the odds
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TABLE 5 Results of the glmer models examining the effect of hesitation types, language backgrounds, preparation time, and their interaction on non-manual components (binary outcomes).

Mouth Eyebrows Gaze Head

Predictors Odds
ratios

CI p Odds
ratios

CI P Odds
ratios

CI P Odds
ratios

CI p

(Intercept) 0.54 0.33–0.88 0.014 0.34 0.18–0.63 0.001 1.35 0.71–2.55 0.357 1.08 0.69–1.68 0.746

Stretched signs 0.85 0.64–1.12 0.244 1.41 1.08–1.84 0.013 1.41 0.76–2.61 0.271 1.28 0.72–2.26 0.402

Rep/self-corrections 0.70 0.50–0.98 0.038 1.98 1.48–2.66 < 0.001 2.43 0.79–7.51 0.122 2.97 1.14–7.75 0.026

L2 SLI 0.81 0.43–1.53 0.525 1.24 0.57–2.67 0.590 1.77 0.80–3.90 0.160 0.90 0.51–1.59 0.724

L2 A1/A2 0.41 0.22–0.78 0.006 0.50 0.24–1.06 0.071 1.79 0.83–3.87 0.140 0.39 0.22–0.69 0.001

With preparation 0.76 0.52–1.13 0.175 1.22 0.90–1.66 0.192 1.29 0.90–1.85 0.171 1.24 0.88–1.75 0.211

Stretched signs × L2 SLI 1.25 0.63–2.46 0.528 1.22 0.65–2.28 0.533

Rep/Self-corrections × L2 SLI 0.56 0.17–1.90 0.356 0.62 0.21–1.76 0.366

Stretched signs × L2 A1/A2 0.55 0.26–1.17 0.121 1.94 0.96–3.92 0.065

Rep/self-corrections × L2 A1/A2 1.77 0.53–5.92 0.357 2.36 0.88–6.28 0.086

Stretched signs × With preparation 1.25 0.70–2.22 0.454 1.74 1.04–2.94 0.036

Rep/Self-corrections × with
preparation

0.89 0.39–2.03 0.781 0.38 0.21–0.69 0.002

Random effects

σ2 3.29 3.29 3.29 3.29

τ00 0.31id 0.74id 0.84id 0.28id

0.02exercise 0.09exercise 0.03exercise 0.01exercise

τ11 0.74id .with_preparation 0.34id .with_preparation 0.63id .with_preparation 0.56id .with_preparation

ρ01 0.33id −0.46id −0.55id −0.26id

N 28id 28id 28id 28id

10exercise 10exercise 10exercise 10exercise

Observations 2,795 2,795 2,795 2,795

Marginal R2/conditional R2 0.040/0.247 0.050/0.228 0.052/0.234 0.085/0.202

AIC 3,010.292 3,189.442 2,949.503 3,544.855
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of eyebrow movements and preparation time showed a non-
significant increase in odds.

For gaze and head movement, the best models included
interactions. For gaze movement, none of the predictors, including
interactions, were statistically significant, suggesting that hesitation
category, language background, and preparation time did not have
a clear impact on the occurrence of gaze movement. In contrast,
for head movement, L2 A1/A2 significantly decreased the odds
(OR = 0.39, p = 0.001). In addition, sign repetitions/self-corrections
significantly increased the odds of head movement (OR = 2.97,
p = 0.026). Finally, the interactions between stretched signs and
preparation time, as well as sign repetitions/self-corrections and
preparation time, were significant, indicating complex relationships
between these factors and head movement (OR = 1.74, p = 0.036;
and OR = 0.38, p = 0.002, respectively).

In summary, in this dataset, participants in the L1 DSGS
group (our reference group) generally signed faster and produced
fewer pauses compared to both L2 SLI and L2 A1/A2 participants.
L2 A1/A2 participants showed more sign repetitions and self-
corrections compared to the L1 DSGS participants. Neither
language background nor preparation time had statistically
significant effects on the production of stretched signs.

L2 A1/A2 participants exhibited longer pauses compared to
both L1 DSGS and L2 SLI groups. Preparation time tended to
decrease pause duration.

Regarding non-manual components, L1 DSGS participants
produced more of these components than L2 SLI and L2 A1/A2
participants. Specifically, they exhibited more mouth actions and
head movements than L2 A1/A2 participants. Across all dependent
variables, the amount of explained variance by the fixed effects
ranged considerably, with marginal R2 as reported in Tables 3–5
between 0.040 and 0.406.

Version 2 of the fluency rating scale
Version 2 of the fluency rating scale was informed by (1)

theory from spoken and sign language fluency (as in version 1),
(2) feedback from the raters on the rating scale version 1, (3) the
analyzed transcripts from the focus group, and (4) the statistical
analysis of the annotated data. Supplementary Table 5 provides an
overview of the sources (of data) used to develop the six criteria of
the fluency rating scale.

Version 2 of the DSGS fluency rating scale consisted of four
areas with six criteria: (1) Pauses (three criteria), (2) speed (one
criterion), (3) repetition (one criterion), and (4) self-corrections
(one criterion). The definition of the criteria can be found in
Supplementary Table 6. Figure 3 displays version 2 of the rating
scale.

Statistical analysis of rated DSGS
performances

MFRM measures and model fit
Table 6 and Figure 4 display a summary of the MFRM model

measures. The data fit the model well, with Rasch measures
explaining 59.49% of the variance. Fit indices (Infit and Outfit MS)
across all facets were close to 1 with small standard deviations.
For the facets rater, language background, task, preparation, and

criterion, individual fit indices did not exceed 0.5 and 1.5. For the
signer facet, four elements (i.e., four signers) displayed Infit MS of
1.52 to 1.75, however we decided not to omit these from the analysis
as Infit MS below 2.0 do not degrade the overall measurement
(Linacre, 2002). All other signers’ Infit MS fell within 0.5 and 1.5.

Raters could be separated into 14 levels of severity. As shown
in Figure 4, this difference was due to Rater 3 being markedly
more severe than Rater 1 and Rater 2; however, all three raters
showed good levels of intra-rater reliability with Infit MS between
0.80 and 1.13. Signers displayed a separation index of 7.10, which
was expected as the three signer groups differed in their DSGS
proficiency. The tasks could not be separated into more than 1
level (separation index = 1.96). This was also expected as we only
included “simple” tasks in the rating design. Finally, the elements in
the criterion facet could be separated into 14 levels, with criterion
1 (number of pauses) receiving the lowest ratings and criterion 6
(self-correction) the highest ratings overall. The reliability of all
separation coefficients was high, ranging from 0.79 (for the task
facet) to 1.00 (for the criterion facet).

Effects of signer language background and task
preparation time

As shown in Figure 5, the L1 DSGS group achieved the highest
average rating for most tasks, except for Task 12 and Task 33, where
the L2 SLI group slightly outperformed the L1 DSGS group. The
L2 A1/A2 group received the lowest average rating for all tasks by
some margin. A bias analysis across all 30 pairs (10 tasks times 3
language groups) revealed only two significant results, again for
Task 12 and Task 33, both of which showed slight bias against
the L1 DSGS group compared to the L2 SLI group (for Task 12;
t(154) = 2.05, p = 0.042; with a small effect size, d = 0.39) and the
L2 A1/A2 group (for Task 33; t(120) = 2.16, p = 0.033; with a small
effect size, d = 0.33). That is, the L1 DSGS group was at a slight
disadvantage (statistically) for Task 12 and Task 33. These results
indicate that the rating scale in general produced ratings in line
with expected language differences and without displaying unfair
bias toward any of the language groups (except for Task 12 and Task
33, which should perhaps be revised).

Figure 6 shows the average ratings of all 10 tasks for the
two preparation conditions. The average ratings between the two
conditions are very similar, with the biggest difference for Task 33
(0.52 scale points; however as described above Task 33 should be
revised). A bias analysis for all possible pairs revealed no significant
results, indicating that task preparation time did not have an effect
on the ratings.

Rating scale structure
MFRM also produces rating scale statistics and probability

distributions for the scale categories, which can be used to interpret
the functioning of the scale and scale points. Table 7 presents the
scale statistics and Figure 7 the probability distributions for the
complete data (Overall) and for each criterion separately (Criterion
1–6) for the ratings with version 2 of the rating scale. The Data
columns in Table 7 show how often each score category (1–6) was
assigned by the raters. The Quality Control columns display the
validity of the score categorization, including average and expected
measure and Outfit Mean Square for each score category; average
measures should increase with each score point. The Rasch-Andrich
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FIGURE 3

DSGS fluency rating scale (Version 2).

TABLE 6 MFRM summary statistics.

Rater Signer Language
background

(dummy)

Task Preparation
(dummy)

Criterion

N 3 28 3 10 2 6

Measures

Mean 1.01 0.00 0.00 0.00

SD (sample) 0.48 0.75 0.14 0.80

SE 0.01 0.05 0.01 0.01

RMSE (sample) 0.03 0.10 0.06 0.05

Adjusted (True) SD (sample) 0.48 0.74 0.13 0.80

Infit MS

Mean 0.92 0.97 0.99 0.94 0.93 0.98

SD (sample) 0.19 0.35 0.30 0.13 0.05 0.36

Outfit MS

Mean 1.04 1.05 1.06 1.05 1.04 1.04

SD (sample) 0.16 0.36 0.24 0.14 0.03 0.42

Homogeneity index (χ 2) 429.20 1,428.5 43.50 1,066.10

Df 2 27 9 5

P < 0.001 < 0.001 < 0.001 < 0.001

Separation (sample) 14.13 7.10 1.96 14.60

Reliability of separation (sample) 0.99 0.98 0.79 1.00

Inter-rater reliability

Observed exact agreement % 36.3

Expected % 32.2

Thresholds columns report step calibrations of the rating scale
structure and their associated standard errors; the step calibrations
should be in ascending order for rating scales where higher scores
are equivalent to higher abilities (see Linacre, 2023, pp. 222–223

for detailed descriptions of the reported measures). Finally, the
probability curves in Figure 7 show the probability for each score
in relation to the logit measure; each score should be the most
probable (modal) at some point along the logit scale.
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FIGURE 4

MFRM variable map. *Indicates 1 signer.

Overall, the scale functioned well, with each score category
being modal at some point on the continuum (see Overall in
Figure 7). However, the average measure of scale category 2 was
lower than the average measure of scale category 1 (marked by
an asterisk in the Overall column in Table 7), likely because scale
category 1 was used very infrequently by the raters (in only 3%
of the ratings overall and not at all for Criteria 5 and 6, see
Table 7). When inspecting the scale statistics for the individual
criteria, additional inconsistencies can be observed. While Criteria
1 and 2 functioned well across all scale categories, Criterion 3
displayed a low average measure for scale category 3, severely
disordered Rasch-Andrich thresholds for scale category 4, and low
probabilities for scale categories 4 and 5. For Criterion 4, scale
category 5 was never the most probable and it also showed a
disordered Rasch-Andrich threshold. Finally, criteria 5 and 6 were
by far the easiest for the learners to achieve high scores on, with no

ratings for scale category 1 and very few ratings for categories 2 and
3, resulting in a low probability for category 3 in Criterion 6.

Results of annotated data and rated
performances with version 2

We concatenated per study participant, over all tasks: total
duration, total number of pauses, total pause duration, total
number of glosses, total number of repetitions, and total number
of self-corrections. Additionally, the total number of times pauses
were accompanied by the non-manual components brows, head,
mouth, and gaze were also summed over all tasks. Next, from
these summed timings and counts, we calculated the following
measures, in alignment with the criteria in the rating scale: number
of pauses per second, average pause duration, average sign duration,
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FIGURE 5

Average rating for each task by signer language.

FIGURE 6

Average rating for each task by preparation condition.

number of repetitions per second, and number of self-corrections
per second. For use of the four non-manual components, we
calculated the percentage of time pauses were accompanied by the
non-manuals brows, head, mouth, or gaze. We checked normality
using the Shapiro–Wilk test for normality and by visual inspection
of the data. After a log transformation on average pause duration
and average sign duration, and a square root transformation
on pauses per second, these variables could be assumed to be
reasonably normally distributed. For self-corrections per second, a
rank transformation resulted in a reasonably normal distribution.
The variables repetitions per second and non-manual gaze per
pause could not be transformed to a reasonably normal distribution
and will be omitted from the analyses (see Supplementary Table

7 for all descriptive statistics of this analysis). The strength of a
correlation will be evaluated following Plonsky and Oswald’s (2014)
proposal: (1) close to 0.25 as small, (2) 0.40 as medium, (3) and 0.60
as strong.

The results of the correlation show that most objectives scores
were related to the specific ratings. For non-manual component
use, only the measure of head-movements was related to the
specific rating (see Table 8). Finally, we predicted the overall fair
average score for overall fluency with the independent variables that
were reasonably normally distributed. Using the step-function in R
(backward selection), except the rank of the number of correlations
per second and the non-manual components use of brows and
mouth, the variables significantly contributed to the prediction of
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TABLE 7 Scale statistics for version 2 of the rating scale.

Score Data Quality control Rasch-Andrich thresholds

Cat.
total

% % Cum. Avge.
Meas.

Exp.
Meas.

Outfit
MnSq

Meas. SE

Overall 1 88 3% 3% −0.22 −0.7 1.7

2 281 10% 13% −0.33* −0.3 0.8 −1.67 0.12

3 377 13% 26% −0.09 0.18 0.6 −0.36 0.07

4 484 17% 43% 0.73 0.7 1.3 0.19 0.06

5 644 23% 66% 1.41 1.26 1.1 0.69 0.05

6 979 34% 100% 1.85 1.89 1 1.15 0.05

Criterion 1 1 18 4% 4% −2.23 −2.73 1.3

2 83 17% 21% −1.76 −1.75 1.2 −3.79 0.27

3 89 19% 40% −0.45 −0.28 0.9 −1.12 0.17

4 137 29% 69% 0.95 1.01 0.9 −0.02 0.14

5 102 21% 90% 2.04 1.95 0.8 1.78 0.13

6 46 10% 100% 2.8 2.73 0.9 3.15 0.18

Criterion 2 1 12 3% 3% −1.41 −2.25 1.7

2 68 14% 17% −1.3 −1.26 0.9 −3.49 0.33

3 89 19% 35% −0.25 −0.15 1 −0.98 0.17

4 86 18% 53% 0.8 1.02 0.8 0.47 0.15

5 145 30% 84% 2.13 1.99 0.8 1 0.13

6 78 16% 100% 2.72 2.73 1 2.99 0.15

Criterion 3 1 39 8% 8% −0.2 −0.65 1.3

2 75 16% 24% −0.08 −0.29 0.8 −1.13 0.19

3 99 21% 45% −0.36* 0.08 0.8 −0.38 0.13

4 54 11% 56% 0.15 0.44 1.5 0.87 0.12

5 74 16% 72% 0.95 0.78 0.7 0.3 0.12

6 133 28% 100% 1.15 1.04 1 0.34 0.12

Criterion 4 1 19 4% 4% −2.29 −3.11 3.4

2 47 10% 14% −1.92 −1.96 0.9 −3.47 0.29

3 79 17% 31% −0.76 −0.49 0.9 −1.76 0.2

4 83 18% 48% 1.04 1.26 0.4 0.32 0.18

5 51 11% 59% 3.08 2.95 0.9 2.61 0.18

6 195 41% 100% 4.36 4.29 0.7 2.3 0.16

Criterion 5 2 2 0% 0% 0.18 0.59 0.7

3 12 3% 3% 0.75 0.73 1.3 −1.14 0.71

4 82 17% 20% 1.02 0.98 1 −1.08 0.28

5 153 32% 52% 1.51 1.53 1.3 0.6 0.13

6 226 48% 100% 2.61 2.6 0.9 1.62 0.11

Criterion 6 2 6 1% 1% −0.1 −0.26 0.9

3 9 2% 3% 0.43 0.25 1.2 −0.41 0.46

4 42 9% 12% 0.73 0.88 0.6 −0.98 0.3

5 119 25% 37% 1.68 1.67 0.9 0.22 0.17

6 301 63% 100% 2.52 2.52 1.1 1.17 0.11

*Average measure not in ascending order.
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FIGURE 7

Scale category probability distribution for version 2 of the rating scale.
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TABLE 8 Correlations of objective scores (annotated data) with
specific scores (rated data) across all study participants (N = 28).

Correlation of
objective
scores with
specific
scores

Pearson’s
r

P Strength of
correlation*

Number of pauses −0.603** < 0.001 Strong

Length of pauses −0.777** < 0.001 Strong

Speed of signing −0.592** < 0.001 Strong

Self-corrections −0.608** < 0.001 Strong

Non-manual
brows***

0.344 0.073

Non-manual head*** 0.489** 0.008 medium

Non-manual
mouth***

0.280 0.150

*According to Plonsky and Oswald (2014); **significant at the 0.01 level (2-tailed); ***
correlated with specific score for general non-manual component use.

the overall score [F(6, 21) = 24.7, p < 0.001], leading to a total of
explained variance of 88% (see Supplementary Table 8).

Discussion

We started out in this paper with the question about the
characteristics of a valid fluency rating scale for DSGS. We collected
different kinds of empirical data (i.e., raters’ feedback, focus group
interviews with sign language teachers, annotated data from DSGS
users/learners with different levels of proficiency, feedback from
raters, rated DSGS performances), supplemented with existing
research on spoken and sign language fluency to inform the
criteria of the fluency rating scale. That is, we combined different
approaches for rating scale development as has been suggested
in the literature (e.g., Knoch et al., 2021). In a next step, the
fluency rating scale was used by three trained deaf raters on 162
performances from the DSGS users/learners (N = 28) with varying
degrees of proficiency (i.e., L1 DSGS, L2 sign language interpreters,
and L2 A1/A2 learners).

Evidence of validity

We argue that the different sources of data serve as a sound
empirical basis for the operationalized “DSGS fluency construct”
in the rating scale version 2. As stated in the Introduction,
the current paper does not seek to validate a fully-fledged test.
Our focus is only on the construct of fluency in a general
sense and on how to operationalize this construct into a rating
scale. Acknowledging that validity evidence should be about
interpretation of test scores (which we do not claim), we can
still link our sources of evidence for validity to those as stated
in the Standards. The analyses reported in this paper would fall
under test content validity, validity based on internal structure,
and validity based on relations to other variables. First of all,
drawing on existing theories of spoken and sign language fluency
as well as on intuitions by experts can be seen as evidence on

the validity of test content. Similarly, the analyses investigating
performance samples add to the content validity evidence of the
final scale. The many-facet Rasch measurements, investigating
to what extent the different criteria within the scale can indeed
be distinguished, fall under validity evidence based on internal
structure. The other analyses in this paper add evidence on
the validity based on relations to other variables. For instance,
we compare measures/scores under two conditions (with and
without planning time) and compare measures/scores across
three proficiency groups. Finally, the analysis gauging amount
of explained variance between rater scores from performance
measures likewise adds evidence on the validity based on relations
to other variables. Together, the objective fluency measures
explained 88% of the variance in the rating scores. This is in the
same order of magnitude as the 84% of explained variance reported
by Bosker et al. (2013) on spoken L2 Dutch performances. In
their study, similar to the multiple regression analyses reported
here, ratings on fluency were predicted by objective measures of
fluency. Therefore, our regression analysis can be seen as strong
evidence of validity, as the subjective ratings reflect the objectively
measured aspects of fluency as indicated by theory to a great
extent.

Revision to the fluency rating scale
(version 2)

The results of the MFRM rating scale analysis suggest that
Criterion 3 (i.e., the use of non-manual components during the
production of pauses) should either be revised, dropped altogether,
or perhaps be combined with Criterion 1 or 2, as the scale did
not function very well for this criterion. The statistical analysis of
the annotated data and the correlation of the annotated data with
the rated DSGS performances suggest that Criterion 3 could be
revised. First of all, the combination of non-manual components
during the production of pauses should be avoided in a revised
rating scale since it could lead to (1) a high cognitive demands
on the raters since they have to evaluate two aspects at the same
time (e.g., McNamara, 1996) and (2) non-manual components
also occur simultaneously with other aspects of fluency apart
from pauses (e.g., Spijker and Oomen, 2023). Based on the
results mentioned above, Criterion 3 could be revised to assess
the use of non-manual components alone, or more specifically
mouth activities and head movements because these non-manual
components produced the most differences between L1 DSGS
and L2 A1/A2 groups. Future research should investigate in
more detail the use of non-manual components in (dis)fluent
signing and how this could be operationalized in a fluency rating
scale.

In addition, the description of score category 1 should be
changed throughout, e.g., by omitting “very” in the scale category
descriptions for all criteria, as scale category 1 was hardly used
at all, even for the L2 A1/A2 group. Another consideration could
be to further change the description of category 1 for Criteria 5
and 6 to better align these criteria’s difficulty to the other criteria
(e.g., by using “some” instead of “many” in the description). Also,
considering low probabilities of at least one scale category in four
of the six criteria, the number of scale points could be reduced
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from six to five; this in turn may also solve the disordered Rasch-
Andrich threshold of category 5 for Criterion 4. We have created a
version 3 of the DSGS fluency rating scale (Supplementary Image
4).

Future application and evaluation of the fluency rating scale
(version 3) could improve the scale’s overall validity and adapted
and used in a DSGS assessment. In a future scenario, the DSGS
assessment as well as the rating scale could be linked to the CEFR.
The DSGS rating scale could be linked with the general CEFR
fluency scale and/or the sign language fluency scale of the CEFR
Companion Volume (Council of Europe, 2020).

Limitations

We experienced some limitations in this study. In the
annotation process, financial constraints meant that we were not
able to establish annotator reliability (signing tasks), that is, a
certain number of DSGS videos should have been transcribed
by two annotators.

We were able to include only self-reports on the sign language
proficiency of all study participants. The self-ratings of the L2 SLI
and the L2 A1/A2 groups produced some surprising overlap—
even though one would not expect any. Due to the absence of
any objective DSGS measure at the time of this study, self-ratings
could not be compared to DSGS measures. In future studies
DSGS measures will be used to assess the DSGS proficiency of L2
study participants.

We could have had more validity evidence if the tasks that we
used were more differentiating in fluency performance. With the
current tasks, there were only a few effects of preparation time on
aspects of fluency in the performance data. It is not clear why that
was the case. Our manipulation of complexity of tasks did likewise
not lead to expected differences in performance, which was already
shown for the spoken data by Dutch L2 English learners (Naber,
2021). Therefore, we decided not to investigate complex versus
simple tasks in our DSGS performance data.

Also because of budget constraints, we were only able to
annotate six of the twelve signing task performances of all study
participants. More annotations and more ratings would have given
us more empirical support for our analyses.

Conclusion

Despite the limitations of this study, we were able to confirm
findings in DSGS from previous research on fluency from other
sign languages, for example, pausing, repetitions, and speed of
signing (e.g., Lupton, 1998; Notarrigo, 2017; Sipronen, 2018;
Sipronen and Kanto, 2022). We were also able to find clear
similarities to features of fluency in spoken language, for example,
speed of speech, number and duration of pauses, but also a weaker
contribution of repetitions and self-corrections (e.g., Bosker et al.,
2013; Suzuki et al., 2021). Even though non-manual components
contributed to the overall construct of fluency in the DSGS rating
scale, a separate criterion for non-manual components was added
in the revised rating scale (version 3, Supplementary Image 4).
A clear modality-specific difference between spoken and sign

languages is the simultaneous occurrence of non-manual and
manual activities in (dis)fluent signing (Spijker and Oomen, 2023).
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