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Abstract

Deaf and hard-of-hearing (DHH) children
constitute a distinct subgroup of language
learners, as they are acquiring a written lan-
guage with reduced access to the correspond-
ing spoken language. Also, many in the group
have a sign language as their first language,
thus making their visual-domain L1 another
unique feature. We present an open access cor-
pus of the written production of such learners,
including 74 texts with associated keylogging
data and correction annotation, making this the
only such resource available for any language.
Specifically, it provides a necessary compo-
nent for CALL applications for DHH children.

1 Introduction

Deaf and hard-of-hearing (henceforth, DHH) chil-
dren constitute a heterogeneous group with di-
verse linguistic backgrounds. Their language ex-
periences vary depending on factors such as de-
gree of hearing loss, age of identification, access
to hearing technology, family language practices,
educational setting, and much more (Gärdenfors,
2023a). DHH children grow up with diverse lan-
guage experiences: some primarily use a spoken
language, some acquire a sign language as their
first language alongside a written language, while
others are exposed to both signed and spoken lan-
guages. Consequently, DHH children differ con-
siderably in their language development and lit-
eracy experiences. Despite this heterogeneity, re-
search has consistently shown that, as a group,
DHH children face greater challenges in writing
than their hearing peers. At the same time, rela-
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tively little is known about their writing develop-
ment, as research has traditionally focused more
on reading than on writing (Mayer and Trezek,
2018).

The work reported here has its basis in the
dissertation work of Moa Gärdenfors (2023b) on
writing in DHH children, and provides the follow-
ing novel contributions. First, an additional data
collection has been made, and secondly, the en-
tire dataset has been annotated, using tools and
methodology from SweLL, a learner corpus for
Swedish (Volodina et al., 2019, 2025). The result-
ing resource is called the Signwrite corpus (Sign-
ing Children and Adolescents’ Writing Develop-
ment; see Section 3). It is the first corpus for any
language that includes both DHH children’s writ-
ing and keylogging data and that is open access.
As such, it is aimed at providing a necessary com-
ponent for both CALL applications and research
on second-language acquisition (SLA) for DHH
children. We provide analyses of the data (Sec-
tion 4) and conclude with ideas for future work
(Section 5). The Signwrite corpus is publicly
available under a CC-BY 4.0 license (Gärdenfors
et al., 2026).

2 Background

2.1 Keylogging data and written text

Studies on writing development, whether in DHH
subjects or in general, increasingly rely on data
about the writing process in addition to the writ-
ten product (text). The products are typically nar-
ratives elicited from subjects using a visual stimu-
lus. For example, Wolbers et al. (2014) collected
personal-narrative writing samples from DHH stu-
dents in grade 6–8 who used American Sign Lan-
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guage (ASL) as their L1, and analysed features of
this in the students’ writing of English.

The writing process is analysed by means of
keylogging (also known as keystroke logging),
which captures the temporal behavior of the user
by recording each keystroke. A frequently used
keylogging system is ScriptLog (Johansson et al.,
2018). This functions as a simple word processor
without a spellchecker and records all keystrokes
and mouse movements, timestamping each action
to generate a temporal log of the writing process.
This enables unobtrusive documentation of a sub-
ject’s writing behavior while allowing researchers
to replay the writing session. It is also possible to
extract output for further analyses, including de-
scriptive statistics on writing time, the number of
inserted and deleted characters, pause duration and
location and revisions. Furthermore, ScriptLog
output can be exported to the keystroke-logging
software Inputlog (Leijten and Van Waes, 2013)
to enable more extensive pause and revision anal-
yses.

Writing-process research began in the late
1970s and early 1980s, initially using methods
such as think-aloud protocols and video record-
ings. With the increasing availability of per-
sonal computers, keystroke logging emerged in
the 1990s as a more automated and fine-grained
method for studying the temporal dynamics of
writing, and several such systems were devel-
oped during this period (Wengelin and Johansson,
2023).

2.2 Keylogging data in CALL

A number of previous resources aimed at support-
ing CALL applications and containing keylogging
data have been published. The Pro-TEXT cor-
pus (Miletic et al., 2022) contains French texts
produced by a variety of groups, ranging from
young children to academics, annotated with syn-
tactic information. The KUPA-KEYS corpus (Ve-
lentzas et al., 2024) consists of essays from En-
glish L1 and L2 writers, along with annotations
of writer proficiency. The KLiCHe corpus (Tian
et al., 2025) is an extensive resource containing
nearly 5000 argumentative essays from adult writ-
ers in the United States, along with holistic scores.
The GENIUS corpus (Schaller et al., 2026) is a
similar resource containing short essays from Ger-
man high school students, which have been anno-
tated with a division into sections, as well as an

analysis of the arguments and claims produced.
Apart from analyzing the writing process, these
resources have been used for CALL tasks such
as prediction of essay scores (Tian et al., 2025),
of students’ overall grades (Schaller et al., 2026),
and of general writing proficiency (Babalola et al.,
2026).

We note that in none of the studies on CALL ap-
plications with keylogging data that we have been
able to locate, the DHH group is represented to
any significant degree or even mentioned. Among
the 4992 participants from Tian et al. (2025), 29
different native languages are reported — none of
them a signed language.

2.3 Writing in DHH children

As mentioned above, research on writing in DHH
children is less extensive than research on reading,
and studies that specifically address bilingualism,
including sign language proficiency, are even more
limited, see a systematic review by Zhang et al.
(2024).

Schönström (2010, 2014) collected and anal-
ysed hand-written narratives produced by deaf stu-
dents in grades 5 and 10, to investigate the devel-
opment of Swedish as an L2. The results showed
an implicational order in the students’ develop-
ment of Swedish that largely followed the gram-
matical learning order predicted by Processabil-
ity Theory. The study also found a positive rela-
tionship between Swedish and Swedish sign lan-
guage (STS) proficiency, suggesting that a well-
developed first language may support the develop-
ment of written Swedish.

Vizzi et al. (2023) investigated writing and
spelling in 16 deaf young adults educated in bilin-
gual settings. Compared with hearing controls, the
deaf participants produced shorter and less infor-
mative texts, with fewer adjectives and subordi-
nate clauses, and showed more semantic, morpho-
logical, and syntactic errors. In contrast, spelling
errors were relatively infrequent, suggesting that
their main difficulties concerned broader gram-
matical and lexical-semantic aspects of written
language rather than spelling itself.

Wengelin (2002) investigated written-language
production in nine congenitally deaf adults who
regarded STS as their first language, alongside
adults with reading and writing difficulties and
hearing controls. The participants completed
five different writing tasks, and their texts and
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writing processes were analysed with regard to
spelling, grammar, vocabulary, syntactic complex-
ity, pauses, and editing. Wengelin (2002) rep-
resents an early study using keystroke logging
to investigate written-language production in deaf
adults. The results showed that the deaf partic-
ipants had some spelling difficulties but, more
prominently, grammatical difficulties, particularly
with the syntactic rules of written Swedish. Their
writing processes were also characterised by rel-
atively linear text production, limited initial plan-
ning, and a low proportion of content-related edit-
ing.

Probably the first study of writing in DHH chil-
dren using keylogging was conducted by Asker-
Árnason et al. (2010). The results showed dif-
ferences between children with cochlear implants
(CI) and their hearing peers in both the writing
process and the written product. Children with
CI spent more time pausing, produced text more
slowly, and showed lower narrative ability and
fewer complex clauses. They also made more
grammatical errors, although fewer spelling er-
rors, and their texts had higher lexical density. The
clearest group differences were found for pause
time and lexical density (Asker-Árnason et al.,
2012).

Gärdenfors (2023b) studied the writing of DHH
children from both bilingual and cognitive writ-
ing perspectives, including analyses of the writing
process using ScriptLog. The results showed that
DHH children’s written texts were largely compa-
rable to those of hearing peers, especially at the
age of 10–11, although they tended to produce
shorter texts and showed differences in lexical
density. Their writing processes revealed a slower,
more revision-oriented writing style, likely reflect-
ing increased cognitive demands during writing.
Age, gender, hearing degree, and sign language
proficiency were important predictors, while sign
language skills did not hinder written language de-
velopment and even seemed to support certain as-
pects of writing. Intragroup analyses further re-
vealed that deaf children, with no functional hear-
ing, and hard-of-hearing children, who still could
make use of residual hearing, employed partly
different writing strategies, reflecting their differ-
ing access to auditory and visual language in-
put (Gärdenfors et al., 2019; Gärdenfors, 2021,
2023a,b; Gärdenfors and Johansson, 2023).

2.4 Corpora of writing in DHH children

In spite of the many studies of writing in DHH
children, there are very few open access corpora
in this domain. We are only aware of one other
such case, namely, the Thai Deaf Corpus (TDC)
by Traitruengsakul and Chuangsuwanich (2024),
collected among 322 deaf students in grades 7–
12. TDC is primarily aimed at CALL applica-
tions, and specifically grammatical error correc-
tion (GEC). However, it differs from Signwrite in
two respects: First, the data collection for TDC
involved each child writing isolated sentences (on
average 85 per participant) rather than connected
text. Secondly, TDC does not include keylogging
data. It is thus not directly comparable to Sign-
write.

2.5 The SweLL infrastructure

For annotation of Signwrite, we used the existing
infrastructure of SweLL, a learner corpus of L2
Swedish (Volodina et al., 2019). The end product
of the project, referred to as the SweLL-gold cor-
pus, contains 502 essays collected from 321 (pre-
sumably hearing) adults (Volodina, Elena et al.,
2025). The learners were recruited from schools
and universities, largely through placement tests
in SFI courses (Swedish for Immigrants) and uni-
versity admission tests. They represented a variety
of L1s, the most frequent being Arabic, Dari, Kur-
dish, Persian, Tigrinya, Turkish, English, Greek,
Russian and Spanish.

A key aim of the SweLL project was to provide
annotation of the data that facilitated both develop-
ment of CALL applications and research in SLA.
To this end, the project involved creating a par-
allel corpus consisting of the original texts along
with normalized versions of these using a purpose-
built tool, Svala (Wirén et al., 2019). A normal-
ized (target) version is created by a human anno-
tator by editing a copy of the original according to
the norms of written standard Swedish (Bylin and
Melander, 2023; Rudebeck and Sundberg, 2024,
pp. 138–142) while retaining (the annotator’s in-
terpretation of) the meaning of the original. Also,
the form of the original should not be unneces-
sarily altered. Normalizing a text thus involves
balancing these conflicting goals (for guidelines,
see Rudebeck et al. 2021). The original and tar-
get tokens are automatically aligned during edit-
ing, with Svala incrementally displaying a graph
of this. Links may also be manually adjusted.

231



Figure 1: Svala in correction annotation mode (detail)

Once the text is normalized, a correction an-
notation is made, using a different mode in Svala
(see Figure 1). (This is also known as error anno-
tation; compare Lüdeling and Hirschmann 2015.)
Here, the annotator selects relevant tokens in the
source and target texts, or links that connect them,
and assigns correction tags using a taxonomy de-
veloped in the SweLL project (for guidelines, see
Rudebeck and Sundberg 2021). The taxonomy
is grouped into orthographic, lexical, morpholog-
ical, punctuation and syntactic corrections, each
of which contains several specific correction tags
(see Table 5). In the graph in Figure 1, correction
tags are displayed on the links, given that correc-
tions are relations between original and target to-
kens.1

3 The Signwrite corpus

3.1 Data collection
Participants in the Signwrite corpus were recruited
from four groups of children and adolescents, de-
fined as follows: deaf, hard-of-hearing, CODA,
and hearing.

1We refer broadly to normalization and correction annota-
tion as ”annotation”. Normalization can be seen as a kind of
annotation in the sense that it adds corrected tokens aligned
with the original ones.

1. The deaf group refers to individuals who
cannot effectively perceive or use spoken
Swedish, do not use hearing technology, and
primarily communicate through STS as their
L1, with written Swedish as their L2.

2. The hard-of-hearing group refers to individu-
als who are deaf and use cochlear implants
or have partial hearing loss and use hear-
ing aids to enhance their auditory percep-
tion. This group communicates through spo-
ken and written Swedish alongside STS (with
exception for two individuals).

3. The CODA group refers to children of deaf
adults, who are normal-hearing, but typically
use STS at home with their deaf parents and
are therefore often bilingual in a spoken and
a signed language.

4. The hearing group refers to hearing children
who do not have knowledge in STS.

Although CODA are not part of the DHH group,
they increase the value of Signwrite by provid-
ing a highly relevant comparative baseline of chil-
dren proficient in both STS and spoken Swedish.
Likewise, hearing children constitute a very useful
control group.

Signwrite is based on two data collections. The
first was carried out as part of the dissertation work
of Gärdenfors (2023b), involving 63 participants.
Gärdenfors subsequently decided to make as much
as possible of this data open access, and 44 of the
participants consented to this. The second data
collection was carried out by recruiting another
four DHH children and adolescents, and by cre-
ating a longitudinal component. The latter was
brought about by inviting the participants from the
first data collection to take part in an additional
session, taking place 5–7 years later. Altogether
26 DHH and CODA participants agreed to this.2

Thus, the current Signwrite corpus comprises 74
texts and 74 keylogging files produced by 48 indi-
viduals.

3.2 Scenario
The two data collections described above were
carried out using the exact same scenario. Each

2The dissertation project was approved by Etikprövnings-
nämnden in Stockholm (2018/5:6), but for the prolongation
project the approval needed to be expanded in order to make
the data open access. For this purpose, a supplementary app-
lication was submitted to Etikprövningsnämnden, which was
also approved (2024-02109-02).
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Final text (Swedish original) Linear input (Swedish original)

En snögig natt, där bor rosa
pantern, han älskar sova. Det
är bästa som han vet. Han
sover jätte djupt. Men plötsligt
hörde han någon knackar
dörren. Han rusade ut och
kikade om någon är där. Men
han ser ingen.

<11.7>En<BACKSPACE3><2.1><BACKSPACE8>En
snögig <BACKSPACE4>gig natten <2.9><BACKSPACE3>,
där bor ett hus<BACKSPACE9>r rosa pantern <BACKSPACE3>
n <BACKSPACE2>r n<BACKSPACE2>m <BACKSPACE2>n
<BACKSPACE1>, han älskar sova <15.6><LEFT39>
<RIGHT1><LEFT1><2.2><RIGHT39><2.1>. Han sover
djupt och djupt. <BACKSPACE1> Men<2.3>plötsligt hörde han
någon knackar <BACKSPACE1>de dörren<15.7>. Han rusar
<BACKSPACE2>de u<BACKSPACE1> ut och kikade om någon
är där. Men han såg inte att <BACKSPACE11>er ingen.

Final text (English translation) Linear input (English translation)

A snowgy night, there lives the
pink panther, he loves sleep.
It’s best he knows. He sleeps
very deeply. But suddenly he
heard someone knocking the
door. He rushed out and
looked to see if someone is
there. But he sees no one.

<11.7>A<BACKSPACE3><2.1><BACKSPACE8>A
snowgy <BACKSPACE4>ogwy night <2.9> <BACKSPACE3>,
there lives a house<BACKSPACE9> r pink panther
<BACKSPACE3>n<BACKSPACE2>r n<BACKSPACE2>m
<BACKSPACE2>n <BACKSPACE1>, he loves sleeping
<15.6><LEFT39><RIGHT1><LEFT1><2.2>
<RIGHT39><2.1>. He sleeps deeply and deeply.
<BACKSPACE1>But<2.3>suddenly he heard someone knocki
<BACKSPACE1>ing the door <15.7>. He rushed out
<BACKSPACE2>de u<BACKSPACE1>out and looked to see if
someone is there. But he did not see that<BACKSPACE11>ees no
one.

Table 1: The upper left cell shows the beginning of a text by a 12-year-old DHH participant of the Signwrite data
collection. The upper right cell shows the corresponding input to ScriptLog, that is, a step-by-step representation
of all events during editing, including character input, cursor movements and pauses. The threshold for a pause was
set at 2 seconds of inactivity, with durations shown inside angle brackets, for example, <11.7> (here rounded
from ScriptLog’s millisecond resolution). Angle brackets are also used for the backspace key and left and right
arrow keys. Notation such as <BACKSPACE3> means that the backspace key was pressed 3 times in succession.
The English translation attempts to mimic the participant’s behavior in the Swedish original (including lexical,
grammatical and spelling errors), and is here provided for illustrative purposes only.

Gender Swedish STS Word counts
Hearing background Age span Male Female Written Spoken Yes No Total Mean

Deaf 8–17 2 11 13 0 13 0 3404 261.8
Hard-of-hearing 8–21 7 25 32 32 30 2 11 021 344.4
CODA 10–18 6 14 20 20 20 0 8781 439.1
Hearing 9–11 6 3 9 9 0 9 2341 260.1

Total 8–21 21 53 74 61 63 11 25 547 345.2

Table 2: Participant metadata by hearing background, including age range, gender distribution, and knowledge of
written Swedish, spoken Swedish, and STS. The total number of words (tokens excluding punctuation) is given,
as well as the mean number of words per text.
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session was conducted on a computer using Script-
Log, resulting in a keylogging file and a text file
(see Table 1 for an example). The participants
were shown a two-page Pink Panther cartoon and
were asked to retell the story in written form. They
were informed that they could interpret the cartoon
freely, choose any name for the Pink Panther, and
use their imagination when composing the story.3

To minimize pressure and reduce the risk of un-
finished texts, participants were given unlimited
time to complete the task. Also, they were not
informed in advance that their keystrokes would
be recorded, but told about this only after com-
pleting the task. This decision was made to en-
sure that the writing process remained as natural
as possible and to minimize any potential stress
or self-consciousness associated with being moni-
tored. Each child completed the writing task indi-
vidually and without interruption.

3.3 Metadata
Table 2 summarizes personal metadata along with
the number of words written in the original texts.
Personal metadata includes information about
hearing background, age, gender (self-reported at
the first recording session) and language profi-
ciency. As expected, the linguistic backgrounds
differed across the groups. Nearly all deaf, hard-
of-hearing, and CODA participants had knowl-
edge of STS in addition to written and/or spoken
Swedish. Everyone outside the deaf group had
knowledge of spoken Swedish. In contrast, none
of the hearing participants reported any knowledge
of STS. As for the gender distribution, it is uneven
with girls constituting 72% of the participants (53
girls and 21 boys). Table 3 shows the age distri-
bution of the participants, which varied between
8 and 21 years. Table 4 shows the hearing back-
ground of the 27 participants in the longitudinal
data collection.

3.4 Annotation
For the purpose of the normalization and correc-
tion annotation of Signwrite, we re-used the tools
and guidelines from SweLL, as outlined in Sec-
tion 2.5. This was facilitated by the fact that the
annotator in Signwrite (the third author of this pa-
per) also carried out the major part of these tasks
in the construction of the SweLL corpus. Table 5

3One advantage of this scenario is that it does not involve
personal data in the sense of GDPR (Megyesi et al., 2018),
thereby obviating the need for pseudonymization.

Age interval Participants

8–9 9
10–11 25
12–13 10
14–15 4
16–17 10
18–21 16

Total 74

Table 3: Age distribution among participants in the cor-
pus. Note that individuals in the longitudinal part are
here counted twice.

Hearing background Participants

Deaf 7
Hard-of-hearing 9
CODA 10

Total 26

Table 4: Overview of individuals who contributed lon-
gitudinal data. Each individual participated on two oc-
casions with an intervening time of 5–7 years. The re-
sulting 52 texts (twice the number of participants) are
included in the 74 texts in Table 2.

shows the outcome of the correction annotation of
Signwrite in terms of tag frequencies.

We have not checked the inter-annotator agree-
ment for Signwrite, but an analysis of the relia-
bility of the SweLL correction annotation as mea-
sured on 50 essays (10% of the corpus) was made
by Volodina et al. (2025, p. 272). Here, two an-
notators got an inter-annotator agreement of 0.88
according to Fleiss’s kappa and 0.76 according to
Krippendorff’s alpha (Artstein and Poesio, 2008;
Krippendorff, 2019).

4 Preliminary analyses

4.1 Comparison with SweLL

With Signwrite and SweLL, we are in a posi-
tion to make comparisons of errors in written
Swedish by subjects with different hearing status
and language proficiency. Whereas the DHH and
CODA subjects in Signwrite are proficient in STS
and have Swedish as their strongest written lan-
guage, the subjects in SweLL-gold are L2 learn-
ers of Swedish who most commonly identify an-
other language as their strongest written language.
(Hearing status was not documented in SweLL,
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Orthography O Orthography (spelling) 717
1145 O-Cap Upper/lower case 270

O-Comp Spaces and hyphens within compounds and between words 158

Lexicon L-Der Word formation (compounding or derivation) 64
551 L-FL Non-Swedish word corrected to Swedish word 0

L-Ref Choice of anaphoric expression 277
L-W Word choice (other) 210

Morphology M-Adj/adv Adjective form corrected to adverb form 5
935 M-Case Nominative vs genitive/accusative 33

M-Def Definiteness: articles; forms of nouns, adjectives 212
M-F Form corrected, same category (e.g. one plural suffix corrected

to another plural suffix)
46

M-Gend Gender 50
M-Num Number 23
M-Other Other inflection-related correction 0
M-Verb Verb forms; auxiliaries 566

Syntax S-Adv Word order: adverbial placement 67
632 S-Clause Basic clause structure 91

S-Comp Compound versus multi-word expression 3
S-Ext Extensive and complex syntactical correction 21
S-FinV Word order: placement of finite verb 33
S-M Word missing (added in target), other 179
S-Msubj Subject missing (added in target) 52
S-Other Other syntactical correction 0
S-R Word redundant (removed from target) 142
S-Type Change of phrase type/part of speech 29
S-WO Word order (other) 15

Punctuation P-M Punctuation missing (added in target) 988
1306 P-R Punctuation redundant (removed from target) 56

P-Sent Sentence segmentation 31
P-W Wrong (i.e. changed) punctuation 231

Other C Consistency correction, necessitated by other correction 593
599 X Unintelligible string 4

Cit-FL Non-Swedish word kept (i.e. no correction) 2

Total 5168

Table 5: The correction taxonomy in Signwrite: main groups, specific correction tags, short descriptions of these,
and their frequencies in Signwrite. Note that the taxonomy and annotation guidelines were adopted from SweLL.
Further details about the taxonomy are provided by Rudebeck and Sundberg (2021).
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but none of the participants reported knowledge of
any sign language and they were presumably all
hearing.)

For the comparison here, we have used a subset
of Signwrite that contains texts written by DHH
and CODA subjects who were 16 years or older
(26 out of 74 texts), which is the same age cohort
as the subjects of SweLL-gold. Furthermore, we
have used a subset of SweLL-gold that includes
texts solely with the labels ”narrative” and/or ”de-
scriptive” (comprising 135 of 502 texts) to best fit
the retellings of a cartoon in Signwrite.

The two groups of writers differ primarily in
their language proficiency profiles. The Sign-
write subset comprises deaf, hard-of-hearing, and
CODA writers, nearly all of whom report profi-
ciency in STS and have Swedish as their strongest
written language. In contrast, the SweLL-gold
subset comprises learners of Swedish as a sec-
ond language, most of whom identify another lan-
guage as their strongest written language. None of
the SweLL-gold participants reports proficiency in
a sign language. Hearing status is not documented
for the SweLL-gold participants.

Table 6 juxtaposes correction annotation data
from the SweLL-gold and Signwrite subsets. For
the sake of comparison, the number of tag oc-
currences is related to the number of tokens in
the original (not normalized) texts in each corpus.
This relative number is presented as a percentage,
referring to the number of tags in each category
per 100 tokens in the corpus of original texts, in
the respective corpus subsets.

The relative frequencies in Table 6 indicate that
most correction tags occur more frequently in
SweLL-gold than in Signwrite. The exceptions
are found among corrections related to punctua-
tion and sentence segmentation. Only three tags
have a clearly higher frequency in the Signwrite
subset than in the SweLL-gold subset, namely P-
W, P-Sent, and C. While the C tag may be used for
various corrections necessitated by another correc-
tion, their most frequent usage is to indicate that a
lower case letter has been changed to upper case,
as a consequence of the insertion of a sentence-
segmenting punctuation mark in the normalized
version of the text. Three tags have about the same
frequency in both subsets, namely O-Cap, L-Ref,
and P-M.

The higher frequency of corrections relating
to punctuation and sentence segmentation may

have to do with the material writing conditions.
The Signwrite texts were written on computers,
contrary to the texts in the SweLL-gold subset,
which mainly includes texts which were handwrit-
ten and subsequently transcribed (but also some
texts which were written on computers).

The correction category that stands out in this
context is L-Ref (choice of anaphoric expression),
which is slightly more frequent in the Signwrite
subset than in the SweLL subset. Among the cor-
rection categories with higher or equal frequency
in the Signwrite material, this is the only one
which is not related to sentence segmentation and
punctuation.

A typical L-Ref correction in the Signwrite ma-
terial is the change of han ’he’ to a name or a
noun. Such corrections are made when the local
textual context supports an anaphoric interpreta-
tion of han ’he’, which, given the broader context
and the cartoon itself, is unlikely to be the one in-
tended by the writer. The higher frequency of cor-
rections of this kind may have to do with the na-
ture of the task. The cartoon may lead the writer
to choose a pronoun that depends on a deictic as-
sociation with an image, whereas the normaliza-
tion is made without taking the cartoon into con-
sideration. However, it is also possible that the
higher frequency of corrections of anaphoric ex-
pressions may be attributed to factors related to
the specific language experiences and proficien-
cies of DHH and CODA subjects. This indicates
that anaphoric expressions may be an interesting
aspect of the Signwrite data to further analyze.

4.2 Longitudinal data

The longitudinal data shows clear writing devel-
opment across deaf, hard-of-hearing and CODA
groups, although the developmental patterns dif-
fer. Deaf students show particularly strong im-
provements in spelling accuracy and syntactic
complexity, alongside substantial increases in text
length. Hard-of-hearing students display a more
stable profile, with development mainly in lexical
diversity and syntactic complexity. CODA stu-
dents show strong growth in both lexical diver-
sity and syntactic complexity, often reaching the
highest levels at the second occasion. Overall,
the findings suggest that the three groups develop
along partly different trajectories, with deaf stu-
dents showing more pronounced gains in formal
accuracy, and the HoH and CODA groups show-
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Category SweLL-gold Signwrite
Count Percent Count Percent

O 1076 4.55 83 0.78
O-Cap 130 0.55 70 0.65
O-Comp 130 0.55 33 0.31
L-Der 88 0.37 25 0.23
L-FL 25 0.11 0 0.00
L-Ref 118 0.50 62 0.58
L-W 639 2.70 63 0.59
M-Adj/adv 20 0.08 1 0.01
M-Case 23 0.10 7 0.07
M-Def 564 2.38 67 0.63
M-F 98 0.41 7 0.07
M-Gend 206 0.87 17 0.16
M-Num 183 0.77 8 0.07
M-Other 25 0.11 0 0.00
M-Verb 550 2.32 158 1.48
S-Adv 114 0.48 21 0.20
S-Clause 203 0.86 21 0.20
S-Comp 17 0.07 2 0.02
S-Ext 67 0.28 0 0.00
S-FinV 158 0.67 5 0.05
S-M 405 1.71 45 0.42
S-Msubj 115 0.49 7 0.07
S-Other 14 0.06 0 0.00
S-R 264 1.12 38 0.35
S-Type 108 0.46 9 0.08
S-WO 38 0.16 1 0.01
P-M 371 1.57 153 1.43
P-R 89 0.38 15 0.14
P-Sent 6 0.03 6 0.06
P-W 70 0.30 110 1.03
C 219 0.93 129 1.20
X 59 0.25 0 0.00
Cit-FL 7 0.03 2 0.02

Total 6199 26.20 1165 10.88

Table 6: Comparison of corrections between comparable subsets (ages 16+, narrative/descriptive texts) of SweLL-
gold and Signwrite. Percentages refer to the number of corrections relative to the total number of tokens. SweLL-
gold tokens: 23657. Signwrite tokens: 10706.
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ing greater refinement in lexical and syntactic as-
pects of writing.

These preliminary results are supported by cor-
rection annotation data. Table 7 presents the fre-
quencies of the correction categories in the entire
corpus with longitudinal data (including all stu-
dents, i.e. deaf, hard-of-hearing, and CODA). The
first two columns in Table 7 show the figures for
each session. The last column shows the change in
frequency between the two sessions, through a ra-
tio calculated as the frequency for each tag in ses-
sion 2, divided by the frequency for the same tag in
session 1. A ratio below 1 indicates a decrease in
the correction frequency between the two sessions,
while a ratio above 1 indicates an increase. Gener-
ally, it may be assumed that the lower this ratio, the
higher the change toward standard norms between
the two sessions, that is, the greater decrease of
”errors” of this particular kind.

In Table 7 orthographic and punctuation cor-
rections have been merged into a common cate-
gory. Within each general category, the category
with the lowest ratio (session 2/session 1), indicat-
ing the greatest change toward norm-adherence, is
presented first, followed by the second lowest, etc.

Almost all correction categories decrease in fre-
quency between session 1 and session 2, indi-
cating a general development toward adherence
to standard norms. Among the general correc-
tion categories, the most significant development
occurs within orthography and punctuation, fol-
lowed by syntax. Within lexicon and morphol-
ogy, the decrease in the correction frequency is
somewhat lower. Interestingly, two correction
categories are more frequent in session 2 than
in session 1, namely M-Gend (gender) and P-W
(changes of punctuation marks). (S-Comp and
Cit-FL occur only in session 2, but only with 2
instances each.)

Table 8 compares the correction frequencies be-
tween the three sub-groups of students: deaf, hard-
of-hearing, and CODA.4 The comparison is made
by dividing the frequency of the correction cate-
gory (instances/100 tokens) in texts written by the
specific group of students in one session with the
frequency of the same correction category in all
texts (by all students from all the three groups) in
the same session. For example, the ratio 8.85 for
S-FinV (placement of finite verb) among deaf stu-

4Correction categories within the general category
”other” are not included in Table 8, nor are categories with
fewer than 15 instances in the two sessions taken together.

dents in session 1 indicates that this correction cat-
egory is 8.85 times more frequent in texts written
by deaf students than in all texts taken together in
session 1. This ratio may be compared with 4.29,
which is the ratio for the same correction category
in texts by the same group (deaf students) in ses-
sion 2. Although this type of correction (place-
ment of finite verbs) remains much more frequent
in texts by deaf students, the difference from texts
by the other student groups has decreased between
the two sessions, indicating that the deaf students
have caught up some with the other students re-
garding correct placement of finite verbs in their
texts.

In Table 8, black cells indicate a higher fre-
quency for the correction category in texts by the
specific student group than in the whole sample
(ratio > 1.30), and white cells indicate a lower fre-
quency in texts by the specific student group than
in the whole sample (ratio < 0.70). Gray cells in-
dicate approximately the same frequency in texts
by the specific student group as in the whole sam-
ple.

Generally, the figures presented in Table 8 in-
dicate that, with regard to syntax and lexicon,
deaf students write texts with a lower degree of
norm-adherence than the other student groups, but
that this difference decreases between the two ses-
sions. There are interesting differences between
specific correction categories that call for a deeper
analysis. For example, we find, again, that cor-
rections related to the choice of anaphoric expres-
sions (L-Ref) stand out. Contrary to the other L
and S categories, the frequency of L-Ref does not
decrease in texts by deaf students between session
1 and session 2.

Among corrections pertaining to morphology,
orthography, and punctuation, the distribution pat-
terns are more complex. Some of the M, P, and
O categories, presented in Table 8, exhibit the
same general pattern as that found within the S
and L categories, that is, corrections are more fre-
quent in texts written by deaf students than in
texts written by other students, and the differ-
ence decreases between session 1 and session 2.
This holds for M-Def (definiteness), M-Verb (verb
inflection), and P-Sent (sentence segmentation).
Two categories, P-M (punctuation added) and O-
Cap (upper/lower case), are over-represented in
texts by deaf students in session 1, but this over-
representation is eliminated in session 2. In the
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Correction category session 1 session 2 session 2/session 1

Syntax S-Ext 0.15 0.00 0.00
S-FinV 0.24 0.04 0.18
S-Msubj 0.30 0.09 0.29
S-Clause 0.48 0.19 0.39
S-WO 0.10 0.04 0.42
S-Type 0.18 0.08 0.44
S-M 0.91 0.48 0.53
S-R 0.68 0.36 0.53
S-Adv 0.30 0.22 0.75
S-Comp 0.00 0.02
S total 3.34 1.53 0.46

Lexicon L-Ref 1.41 0.60 0.43
L-Der 0.34 0.24 0.71
L-W 0.87 0.64 0.74
L total 2.62 1.49 0.57

Morphology M-Adj/adv 0.03 0.01 0.28
M-Case 0.13 0.06 0.45
M-Def 1.23 0.60 0.49
M-Verb 2.91 1.58 0.54
M-Num 0.11 0.09 0.76
M-F 0.18 0.14 0.79
M-Gend 0.20 0.24 1.24
M total 4.78 2.72 0.57

Orthography and punctuation O 3.37 0.79 0.23
P-M 4.34 1.44 0.33
O-Comp 0.74 0.27 0.36
P-Sent 0.11 0.05 0.46
O-Cap 1.21 0.60 0.50
P-R 0.22 0.13 0.60
P-W 0.74 0.94 1.27
P and O total 10.73 4.22 0.39

Other X 0.03 0.00 0.00
C 2.45 1.13 0.46
Cit-FL 0.00 0.02
Other, total 2.48 1.15 0.46

Total 23.95 11.11 0.46

Table 7: Correction frequencies (instances/100 tokens) in all texts in the longitudinal study
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Category Deaf Hard of hearing CODA

session 1 session 2 session 1 session 2 session 1 session 2

Syntax S-FinV 8.85 4.29 0.00 0.00 0.09 0.00
S-Ext 7.40 0.50 0.00
S-Type 6.53 1.91 0.44 1.27 0.24 0.27
S-WO 6.47 4.29 0.00 0.00 0.61 0.00
S-Msubj 5.10 2.14 0.43 0.57 0.56 0.72
S-R 4.91 2.45 0.71 0.75 0.37 0.40
S-Adv 4.78 2.31 0.51 0.55 0.56 0.65
S-M 3.89 2.68 1.24 0.56 0.16 0.43
S-Clause 3.35 1.56 0.63 0.65 0.78 0.98

Lexicon L-Der 4.77 2.60 0.68 0.51 0.43 0.51
L-W 3.08 2.14 0.92 0.77 0.61 0.55
L-Ref 2.30 2.33 0.63 0.57 1.02 0.62

Morphology M-Def 6.76 3.61 0.35 0.12 0.26 0.27
M-Verb 4.53 2.39 0.63 0.98 0.52 0.24
M-Gend 3.89 3.83 1.44 0.31 0.00 0.00
M-Num 0.84 3.43 1.35 0.57 0.74 0.00
M-Case 0.00 0.61 1.72 0.82 0.63 1.37
M-F 0.00 2.68 1.02 0.18 1.20 0.75

Orthography
and punctu-
ation

P-Sent 8.41 2.86 0.23 0.95 0.00 0.00

P-M 2.55 0.85 0.79 0.99 0.83 1.09
O-Cap 2.13 0.55 0.68 1.96 1.01 0.45
O 1.27 1.18 0.47 0.41 1.38 1.40
O-Comp 0.77 0.69 0.62 0.55 1.36 1.55
P-W 0.77 1.30 1.14 0.68 0.94 1.10
P-R 0.44 0.29 1.89 2.10 0.39 0.48

Table 8: Correction category frequency (instances/100 tokens) within each student group and session, divided by
the category frequency in the total sample (all three groups) in the same session. Black cells indicate a higher
frequency for the correction category in the specific group than in the whole sample (ratio > 1.3). White cells
indicate a lower frequency in the specific group than in the whole sample (ratio < 0.7). Gray cells indicate
approximately the same frequency in the specific group as in the whole sample.
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case of gender-related corrections (M-Gend), the
over-representation in texts by deaf students re-
mains stable across the two sessions. The rest of
the M, O, and P correction categories exhibit pat-
terns with even clearer deviations from the general
pattern among the S and L corrections, as will be
described in the following.

For two M categories, the over-representation in
texts by deaf students increases between session 1
and session 2. This holds for M-Num (number-
related morphology) and M-F, that is, instances
when a form associated with a particular gram-
matical category (e.g. number) has been changed
to another form (from another paradigm or de-
clension) associated with the same grammatical
category. In other words, most M-F corrections
are corrections of errors usually analyzed as over-
generalizations.

For a couple of correction categories, the fre-
quency relation is reversed compared to the gen-
eral pattern, that is, corrections are less frequent
in texts written by deaf students than in the other
texts. This holds particularly for M-Case (see be-
low) and P-R (punctuation mark removed). More-
over, some correction categories are about as fre-
quent in texts by deaf students as in all texts,
namely O (spelling), O-comp (see below), and P-
W (punctuation mark changed). O and O-comp
are relatively more frequent in texts written by
CODA students, while P-R is more frequent in
texts written by students in the hard-of-hearing
group.

Among these correction categories with an
equal or lower frequency in texts by deaf students,
M-Case and O-comp deserve special commenting.
M-Case stands for case-related corrections. The
most common M-Case correction is a change be-
tween the nominative form de ’they’ and the ac-
cusative form dem ’them’. O-comp stands for cor-
rections that have to do with spaces and hyphens
in and between words. The most common O-
Comp correction is the removal of a space between
the two parts of a compound (concatenated in
Swedish). Both of these correction types (changes
between dem ’them’ and de ’they’, and removal
of spaces in compounds) correspond to norms of
written standard Swedish commonly known to be
frequently broken, in many text types and by many
types of writer. They are norms which are sub-
ject to debate, and which tend to be included in
standard descriptions of correctness issues in writ-

ten standard Swedish (e.g. Bylin and Melander
(2023)). It is interesting that the current data seem
to indicate that these types of norm deviation are
relatively less common in texts written by deaf stu-
dents than in texts written by other student groups.

5 Conclusions and future work

We have presented Signwrite, a corpus of written
Swedish by DHH children and adolescents, com-
plemented with material from CODA and hear-
ing subjects. In addition to the texts, it includes
keylogging data recording the writing process and
corrected versions of the texts with error annota-
tion. All of this is being made available under a
CC-BY license, in formats suitable for use by re-
searchers in writing development, CALL and the
broader NLP field. It is the first corpus for any
language that includes both DHH children’s writ-
ing and keylogging data and that is open access.
We have here also provided preliminary analyses
of the data, suggesting the potential for more tar-
geted contrastive analyses.

Given the relatively small size of the target pop-
ulation and the limited amount of available data,
we aim to continue expanding the Signwrite cor-
pus as new data become available. All future
data collection includes informed consent for pub-
lication in the corpus, allowing for its continued
growth. A larger dataset would enable more robust
comparisons between learner groups and more de-
tailed investigations of writing development over
time.

In light of the significant impact the SweLL cor-
pus has had on Swedish CALL applications, such
as grammatical error detection, grammatical error
correction, and proficiency level classification, our
choice to make the Signwrite annotations follow
the SweLL guidelines will enable future research
on how to adapt these applications to the DHH
group. The addition of keylogging data, which
was not present in the SweLL corpus, will allow
exploring methods for these CALL applications
that depend on data about the writing process.
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Beáta Megyesi, Lena Granstedt, Sofia Johansson, Ju-
lia Prentice, Dan Rosén, Carl-Johan Schenström,
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thesis, Institutionen för lingvistik, Stockholms uni-
versitet.

Krister Schönström. 2014. Visual acquisition of
swedish in deaf children: An l2 processability ap-
proach. Linguistic Approaches to Bilingualism,
4(1):61–88.

Yu Tian, Scott Crossley, and Luuk Van Waes. 2025.
The klicke corpus: Keystroke logging in composi-
tions for knowledge evaluation. Journal of Writing
Research, 17(1):23–60.

Supachan Traitruengsakul and Ekapol Chuang-
suwanich. 2024. Developing a Thai Grammatical
Error Correction Tool for Deaf Students. IEEE
Access, 12:153980–153999.

Georgios Velentzas, Andrew Caines, Rita Borgo, Erin
Pacquetet, Clive Hamilton, Taylor Arnold, Diane
Nicholls, Paula Buttery, Thomas Gaillat, Nicolas
Ballier, and Helen Yannakoudakis. 2024. Log-
ging keystrokes in writing by English learners. In
Proceedings of the 2024 Joint International Con-
ference on Computational Linguistics, Language
Resources and Evaluation (LREC-COLING 2024),
pages 10725–10746, Torino, Italia. ELRA and
ICCL.

Francesca Vizzi, Paola Angelelli, Marika Iaia, An-
thony H. Risser, and Chiara Valeria Marinelli. 2023.
Writing composition ability and spelling compe-
tence in deaf subjects: A psycholinguistic analy-
sis of source of difficulties. Reading and Writing,
36:1201–1226.

Elena Volodina, Lena Granstedt, Arild Matsson, Beáta
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