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Abstract

Six Norwegian lower secondary school pupils (ages 14-15 years) with low writing achievement
participated in a stimulated recall study aimed at exploring how pupils write and experience
writing with speech-to-text (STT) technology in an educational context. The study employed
an exploratory design, collecting data from screen recordings and stimulated recall interviews.
The screen recordings were captured while the adolescents wrote a reflective text in Norwegian,
using STT and keyboard. Findings showed that the pupils were able to produce a reflective text
using STT technology while experiencing both benefits and challenges due to the technology.
Benefits included the opportunity to use words that they did not know how to spell and verbal
skills to produce arguments in writing. Challenges were mainly related to transcription errors
and technological inaccuracies. Findings suggest that technological issues need to be addressed
and sufficient planning and instruction is necessary before STT can be a truly beneficial tool for
adolescents with low writing achievement in secondary education.
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Introduction

Technology options for writing instruction have largely been limited to providing a
choice between writing by hand and writing on a keyboard. Due to technological
advances, speech-to-text (STT) technology, previously expensive and available only
to pupils with documented needs, has now been integrated into writing software
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from Google, Microsoft and Apple. Arcon et al. (2017) suggest that if pupils can dic-
tate rather than transcribe, constraints pertaining to spelling and orthography would
be reduced, and their texts would increase in quantity and quality. Indeed, research
indicates that pupils with learning difficulties can produce higher-quality composi-
tions when dictating texts to a scribe compared to writing by hand or typing (De La
Paz & Graham, 1997).

In an exploratory study of usage patterns and perceptions of writing with STT, Ok
et al. (2020) studied American pupils with high incidence disabilities in grades 4-8.
Although the findings showed that pupils across all grades reported positive experi-
ences of writing with ST'T, the younger pupils used it more frequently compared to
older pupils. Moreover, pupils with spelling difficulties and strong oral skills tended
to be more willing to use ST'T and used it more often. Pupils who were good spellers
but had expressive language difficulties, such as speech impairments or accents, felt
that STT did not aid them in writing. The teachers reported that the key benefits
of using STT for pupils with high incidence disabilities were to overcome hurdles
with writing tasks, to write more independently, generate more text, and provide
more opportunities to write and improve pupils’ confidence in writing (Ok et al.,
2020). Very little research has been conducted on pupils with low writing achieve-
ment using STT as a writing modality in secondary education (Matre & Cameron,
2022). However, dissertations have been published on the use of STT, and other
kinds of assistive technologies, targeting pupils with reading and writing difficulties
in the Nordic countries (Kraft, 2023; Svendsen, 2016). In addition, there are prom-
ising results from research on the use of STT among pupils with learning difficul-
ties in the United States (Ok et al., 2020; Quinlan, 2004) and Sweden (Kraft et al.,
2019; Svensson et al., 2021). Yet, no studies have currently been published on the
use of STT in the Norwegian educational context. Therefore, the aim of this study
is to explore how pupils with low writing achievement write and experience writing
with STT in a Norwegian educational context. The following research questions have
guided the study:

1. How do pupils with low writing achievement approach the task of writing a reflec-
tive text using STT?
2. How do pupils with low writing achievement experience writing with STT?

Writing: Cognitive, social and technological dimensions

Aiming to describe the complexity of the cognitive processes involved in writing,
MacArthur et al. (2016, p. 1) presented writing as a “complex social and cognitive
process that requires shared understanding with readers about purposes and forms,
knowledge of content, proficiency in language, and a range of skills and strategies, as
well as motivation.” That writing is considered both a social and a cognitive process
has been realised through different areas of educational research, from sociocultural
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studies emphasizing the communicative aspects of writing (Bazerman, 2008, 2016)
to neurological or linguistic studies aiming to map and understand the underlying
cognitive processes involved in writing and the development of writing-related skills
(Hayes & Flower, 1980; MacArthur & Graham, 2016).

In educational research, theoretical frameworks have traditionally described either
the cognitive processes underlying the development of writing skills or the social
practices involved in writing. For example, the developmental model The Simple
View of Writing by Berninger and Amtmann (2003) describes writing as three cogni-
tive processes — transcription, self-regulation, and text generation — that are gov-
erned and constrained by working memory. Sociocultural models of writing move
beyond cognitive processes and consider writing a mode of social action involving
both readers and co-authors (Prior, 2006). This is particularly relevant in an educa-
tional context, as writing seldom is a solitary endeavour; rather, it is usually struc-
tured, guided and evaluated by teachers and peers. In recent theoretical models,
both social and cognitive elements of writing have been included. In the revised
Writer(s)-Within-Community (WWC) Model of Writing, Graham (2018, p. 258)
proposes that writing is “shaped and bound by the characteristics, capacity, and
variability of the communities in which it takes place and by the cognitive charac-
teristics, capacity, and individual differences of those who produce it.” The WWC
model is twofold: one part describes the basic components of the writing commu-
nity, while the second part shows the cognitive mechanisms involved in writing.
Even though the model is presented in two separate structures, Graham (2018)
underlines that the two are connected and that writing is an interaction between the
writer and the writing community.

The revised WWC model (Graham, 2018) highlights the cognitive mechanisms
involved in writing, from control mechanisms to long-term memory resources, the
production process and modulators of the writing process. However, the model
also emphasizes that cognitive mechanisms are not entirely individual traits. When
writers compose, they take into consideration future readers and assessors of their
texts. According to the revised WWC model, readers and assessors are referred to
as the writing community that also influences text composition with elements such
as the community’s collective, institutional expectations, and the physical and social
environment or goals. Thus, when analysing how adolescents approach and experi-
ence writing with STT in an educational context, it is important to consider both
cognitive elements, such as transcription skills, attitudes towards writing and the
ability to revise and reconceptualise, in addition to social factors, such as the abili-
ties and opinions of the writing community and pupils’ physical and social learning
environment.

According to the Norwegian Language Curriculum (Norwegian Directorate for
Education and Training, 2020), primary school pupils are expected to be able to
write texts with functional handwriting and using keyboard by the end of year 4 (age
8-9), and write fluently by hand and on keyboard by the end of year 7 (age 11-12).
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Pupils with low writing achievement in Norwegian lower secondary education have
not sufficiently mastered these goals and may not have acquired the mechanics of
writing to a point of automaticity. Brandenburd et al. (2015) argue that pupils with
low writing achievement often have impaired working memory related to central
executive function and the phonological loop. Having reduced working memory has
been found to influence both writing fluency and text quality (Hayes & Berninger,
2014). Studies on the use of assistive technology have shown that pupils with writ-
ing difficulties may benefit from writing with STT (MacArthur & Cavalier, 2004;
Quinlan, 2004).

Quinlan (2004) found that STT significantly increased the length of less flu-
ent writers’ texts and decreased the number of surface errors in their narratives.
Yet, the texts written using STT were not of a significantly higher quality than
the texts written by hand. Similar outcomes have been observed among children
without reading difficulties. For example, Hayes and Berninger (2009) found that
primary school pupils in grades 2, 4, and 6 showed an increase in the number of
ideas generated as well as an enhancement of the quantity and quality of texts
produced when dictating to a scribe, compared to writing texts by hand or on a
keyboard. However, the approach was not as effective for older pupils who had
already developed solid handwriting and transcription skills (Hayes & Berninger,
2009). These findings may be related to Bereiter and Scardamalia’s (1987) devel-
opmental model of writing which describes how writers mature from basic knowl-
edge telling, to more advanced knowledge transformation. Writing as knowledge
telling is characterized by idea retrieval and retelling, while knowledge transfor-
mation includes the interaction between planning, translating and reviewing ideas
to make sure that the writer’s ideas come across as the author intends (Bereiter &
Scardamalia, 1987; Kellogg, 2008). One of the arguments for introducing pupils
with low writing achievement to STT technology, has been that the technology
can reduce barriers pertaining to spelling and encoding and allow the pupils to
focus on planning and reviewing ideas, resulting in more advanced writing strat-
egies, increased fluency and improved text quality (Arcon et al., 2017; De La Paz
& Graham, 1997).

Methods

The study employed an exploratory design, collecting data from screen record-
ings, pupil texts and stimulated recall interviews. The six pupils recruited for this
study were already participating in a related research project aiming to explore
STT as an inclusive approach in lower secondary education (Matre, 2022). The
pupils were introduced to STT technology in January 2020 by their teachers and
practiced using STT with their classmates for approximately four hours per week
for 10 weeks, until the 12" of March 2020. Due to the COVID-19 pandemic and
subsequent period of home schooling, the stimulated recall sessions and interviews
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had to be postponed until November and December 2020, eight months after the
10-week period. The pupils reported that they had used STT to a very little degree
during the home school period.

Participants

Six pupils in grades 9 and 10 (M = 14.98 years) in a rural area in Norway were invited
to write a text by dictating to a computer. The pupils were allowed to type and make
revisions on the keyboard, yet they were encouraged to write primarily by speech. The
participants performed in the lower levels of the compulsory national reading test for
grade 8, scored in the 30® percentile or lower on a standardized Norwegian spelling test
(Skaathun, 2013), and were considered writers with low writing achievement based on
teacher nominations. National reading test scores are presented according to five levels
of mastery, where levels 1-2 are mastery below average and levels 45 are above aver-
age. The skill domains underlying writing and reading are closely related (Fitzgerald
& Shanahan, 2000; Wengelin & Arfé, 2017), thus a group of pupils performing at the
lowest mastery levels of both a standardized writing and reading test are likely to dis-
play low writing achievement. Demographic information and the sample’s results on
the spelling test and mastery level on the national reading tests are presented in Table 1.

Table 1. Demographic information and results on reading and writing tests

Pupil Gender National Spelling test Age Grade Identified learning

reading test (percentile) (y;m) disability
(level)

1 F 1 30™ 1555 10 General learning disability
2 M 2 5th 1451 9 Dyslexia
3 F 2 30™ 14511 10 Under assessment for dyslexia
4 F 2 30m 14;3 9 Under assessment for dyslexia
5 M 3 20™ 1557 10 No
6 M 2 30% 1558 10 No

Data collection

Data collection was conducted in two parts. Part one consisted of a screen-recorded
writing session, and part two comprised individual stimulated recall interviews. The
use of more than one data collection method, also known as methodological trian-
gulation (Noble & Heale, 2019) was employed to enrich and validate findings. The
pupils were divided into two groups and situated in a small classroom with desks
placed in each corner. Two stimulated recall interviews started immediately after
the writing sessions, while the remaining four were conducted consecutively within
two hours of the writing session. Both the writing sessions and interviews took place
during school hours.

42



An Exploratory Study on the Use of Speech-to-Text Technology as a Writing Modality

Screen Recordings

In part 1, the pupils were given five minutes to plan and 15 minutes to write a
reflective text in Norwegian using STT and keyboard. The pupils were encouraged
to write using STT but were allowed to use the touchpad (mouse) and keyboard.
They were also provided with noise cancelling headphones and used the STT soft-
ware integrated into Microsoft Office Word 2019, which enabled screen record-
ing in Microsoft Office PowerPoint 2019. The STT software had been available in
Norwegian in Microsoft Office for approximately one year at the time of data collec-
tion. According toYu and Deng (2015, p. 1), STT relies on building models from big
data collected from real usage scenarios to make a system robust. The learning algo-
rithms underlying Microsoft’s STT were trained on a universal language model and
adapted to Norwegian using the Norwegian Language Bank’s! dataset of speech and
text. Compared to STT building on larger language corpora of English, Chinese or
Spanish speech and text, the Norwegian dataset is significantly smaller and, thus,
prone to produce more recognition errors.

The writing task

The topic of the writing task was social media’s influence on adolescents. The pupils
were provided with the following prompt: “Do you think social media affects how
adolescents behave? Reflect and argue your opinion.” Reasoning and arguing in reflec-
tive texts are part of the Norwegian lower secondary school curriculum (Norwegian
Directorate for Education and Training, 2020). The influence of social media was
considered a topic well known to the pupils and suitable for reflection. It is also
central to the latest Norwegian Core Curriculum implemented in the autumn of
2020, which emphasises health and life skills as one of three interdisciplinary topics
(Norwegian Directorate for Education and Training, 2020).

Stimulated recall interviews

Stimulated recall is an approach where the researcher presents authentic stimuli to
research participants to acquire thoughts and experiences on an original situation
(Vesterinen et al., 2010). The authentic stimuli were screen recordings of adolescents
writing a reflective text using STT and keyboard. Video stimulated recall has been
frequently used to explore how pupils or teachers experience specific events in edu-
cation (Lyle, 2002; van der Kleij, 2021). It is a data collection approach related to
the verbal protocol approach, where the researcher encourages the subject to think-
aloud during an activity to provide insight into cognitive processes. The verbal proto-
col approach has been applied in writing research (Hayes & Flower, 1981; Swain,
2006), and in research on writing technology for pupils with low writing achievement

! An open-source dataset provided by the Norwegian National Library: https://www.nb.no/
sprakbanken/en/sprakbanken/
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(Svendsen, 2016). In contrast to the verbal protocol approach, video stimulated recall
allows the pupils to complete their task before they are encouraged to analyse and
elaborate on their experiences.

To prompt recall of the situation, Lyle (2002) recommends that interviews should
be conducted as soon as possible after recorded sessions. In this study, the pupils were
presented with the recording within hours of writing and encouraged to describe their
experiences. During the stimulated recall interviews the pupils were instructed to
describe how they experienced writing with STT. Both the researcher and the pupils
were able to pause the screen recording whenever they wanted to ask a question or
comment. To prompt recall, the researcher asked open-ended questions, such as “What
happened here?” or “Why did you stop here?” After watching the screen recording
of the writing session, the pupils were asked questions about how they experienced
using STT for that specific writing task. They were also asked to describe challenges
or advantages of STT versus typing or writing by hand. The interviews lasted between
21 and 39 minutes.

Analyses

Two kinds of analyses were conducted: (1) analyses of screen recordings and (2)
analyses of stimulated recall interview transcripts. To be able to explore how the
pupils wrote with STT (research question 1), variables that describe text production
(e.g., words produced with STT, words typed, words removed, words per minute and
accuracy) were registered from the screen recordings. See Table 2 for an operationali-
zation of the variables describing the pupil’s text production with STT and keyboard.
Only recordings of the 15 minutes of text production were analysed; thus, the five
minutes of planning time were not included in the analyses. Measures from the final
texts were also analysed, including variables such as final accuracy and final word
count. Frequencies were registered by the author and a research assistant. To deter-
mine coding consistency, inter-rater reliability was calculated at 0.87 using Cohen’s
kappa (Carletta, 1996).

Table 2. Operationalization of measures of text production and interrater reliability

Measures Operationalization Inter-rater reliability
(Cohen’s kappa)

Words produced with Number of words transcribed by the STT 0.92

STT technology, including words that were deleted

Total number of words ~ Number of words produced, either with STT or 0.86

produced keyboard, including words that were deleted

Typing-STT ratio Number of words typed on a keyboard divided by 0.70

the number of words produced with STT, including
words that were deleted
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Measures Operationalization Inter-rater reliability
(Cohen’s kappa)
Words produced with Number of words produced with STT divided by 0.88
STT per minute 15 (minutes)
Total words per minute  Total number of words produced divided by 15 0.86
(minutes)
Words removed Number of words removed. If the pupil removed one 0.76
or several letters but not the entire word, it was still
counted as one word removed.
Switches between STT  Number of times the pupil switches from keyboard to 0.91
and keyboard STT or from STT to keyboard
Accuracy in text Words produced with STT minus number of words 0.89
produced with STT incorrectly transcribed by the STT divided by
number of words produced with STT
Final accuracy Final word count minus number of errors in the 0.94
submitted text divided by final word count
Final word count Number of words included in the submitted version 1.0

of the text

To be able to analyse the pupils’ experiences of writing with STT (research ques-
tion 2), screen recordings and stimulated recall interviews were transcribed and coded
using NVivo 12. Three main categories were identified: (1) benefits, (2) challenges,
and (3) emotional reactions. The categories emerged through analyses of prominent
responses from the stimulated recall interviews and elements considered to influence
text production (e.g., interruptions, switches between STT and keyboard or revision
strategies) from the screen recordings.

Ethical considerations

The study follows guidelines provided by the Norwegian Centre for Research Data
(NSD) and has received approval from the NSD to collect and store data. All parti-
cipants gave written and oral consent to take part in the study. As the pupils were
14-15 years old, and their parents also provided consent for their participation.
Participation was voluntary, and pseudonyms (Pupils 1-6) are used in place of pupils’
names to provide anonymity.

Results

Screen recording results

Figure 1 describes how the pupils wrote with ST'T, from lowest to highest number of
words produced with STT and the relation to final word count, words typed, words
removed and the number of switches between keyboard and STT.

45



M. E. Matre

200
150
100

50‘\’_././.___‘
0----..

-50

o0 Pupil6  Pupil 3 Pupil4  Pupill  Pupil 2 Pupil 5
I Deleted -29 -33 -44 -45 -95 -57
Keyboard 13 28 31 12 11 12
STT 102 120 158 158 170 218
Final 67 130 145 139 104 182
—e—Switches 46 24 22 52 68 74
STT Keyboard mmmDeleted Final —e=Switches

Figure 1. Words produced with stt from lowest to highest and their relation to final word count,
words typed, words removed and switches between keyboard and STT.

All the pupils typed words on the keyboard but produced more words by STT than
by typing. The pupils used different approaches to writing with STT; for example,
some pupils had fewer switches between keyboard and STT, while others had more
frequent transitions. The ratio between words typed and words dictated ranged
from 1:5 (Pupil 3) to 1:20 (Pupil 5). There was also variation in fluency and text
length between the pupils. Fluency, which was measured in words per minute,
ranged from 6.8 (Pupil 6) to 14.5 (Pupil 5) words per minute using STT and from
7.6 (Pupil 6) to 15.3 (Pupil 6) words per minute when typing on a keyboard. Pupil
5 produced the longest text and the highest number of words with STT. Pupil
2, who had dyslexia, produced the second-highest number of words with STT
but submitted one of the shortest texts. This is explained by the number of words
removed, as Pupil 2 deleted 64% of his text. Except for Pupil 2, there appears to
be a tendency for the pupils who produced the most text with STT to submit the
longest texts.

Accuracy ranged from 70% (Pupils 3 and 6) to 85% (Pupil 1) when compar-
ing what the pupils said to what the STT transcribed. The accuracy of the final
texts ranged from 92% to 97%, except for Pupil 6, who had 75% accuracy. Pupil 6
explained during interviews that he did not revise the accuracy errors on purpose,
as he wanted the researchers to see the mistakes the STT technology had made.
Figure 1 shows that the pupils were required to make several revisions and, therefore,
also switched between keyboard and STT to produce a more accurate text.
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Pupil 6 Pupil 3 Pupil 5 Pupil 1 Pupil 2 Pupil 4
M Text produced with STT 70% 70% 78% 85% 78% 81%
Final text 75% 92% 92% 93% 96% 97%

Figure 2. Accuracy of text produced with stt and accuracy in final text, sorted from least to most
accurate final text.

An overview of the types of errors recorded is presented in Table 3. The most fre-
quently occurring error (69.1% of categorised errors) was labelled as a transcription
error. An error was considered a transcription error if the STT technology produced a
similar-sounding word, a misspelled word, a word from another language or if it added
or removed a word spoken by the pupil. According to the analyses of screen recordings,
all pupils experienced transcription errors, ranging from 23-36 errors for each pupil.

Table 3. Number and percent of errors observed and the range and number of pupils who
experienced each type of error.

Number of  Percent of Number Range
times error total errors of pupils  across pupils
observed (n =259) (n=6) (min-max)

Transcription errors 179 69.1% 6 23-36
Produces text without intending to dictate 28 10.8% 4 0-12
Erroneous capitalization 19 7.3% 6 1-9
Speech not registered by STT 13 5.0% 5 0-5
Dictates while STT is switched off 11 4.2% 5 0-5
STT registers speech from other pupils 9 3.5% 3 0-4

Some of the pupils produced text with STT without the intention of dictating; they
were reading their text out loud, thinking out loud or commenting on something while
STT was activated. There were occurrences where sounds in the task environment,
such as sighing, heavy breathing or other pupils dictating, were picked up by STT
and transcribed into text. The most frequent transcription of heavy breathing and
sighing was [hm...]. Three pupils experienced that STT picked up and transcribed
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something that other pupils were saying. Five pupils spoke with the intention to
write, yet the STT technology did not respond. At times, this was caused by a tech-
nical error that was solved when the pupils turned STT off and on again. On other
occasions, pupils attempted to dictate; however, STT had been automatically turned
off and, therefore, did not provide any transcriptions. This happened because the
software default setting is for dictation to turn off if a pause lasts more than 20 sec-
onds. Six pupils experienced that STT did not produce any text, even though they
spoke and STT was activated. Pupils 2 and 5 experienced this five times, while the
other four pupils experienced it once.

Table 4 presents different subgroups of transcription errors observed and the range
and number of pupils who experienced each type of error.

Table 4. Number and percent of transcription errors observed and the range and number of
pupils who experienced each type of error.

Number of Percent of total Number Range
times error transcription of pupils across pupils
observed errors (n = 179) (n=6) (min-max)

Semantic errors 114 63.1% 6 14-23
Homophone errors 15 8.9% 6 2-3
STT adds words that were not dictated 24 13.4% 6 3-6
STT suggests text in another language 11 6.1% 3 0-5
Spelling errors 9 5.0% 4 0-3
STT does not transcribe words that 6 3.3% 3 0-3
were dictated

Semantic errors were the most frequently occurring type of transcription error. These
kinds of errors were usually words that sounded somewhat like the word the pupil
had pronounced. Sixty-three percent of the transcription errors were semantic errors.
STT also produced homophone errors, a word that has a different meaning yet the
exact same pronunciation. The most frequently occurring homophone error was
the transcription of the Norwegian conjunction ‘and’ (transcribed ‘og’), which is a
homophone of the Norwegian infinitive marker (transcribed ‘a’). Both ‘4’ and ‘og’
are pronounced /o/ when unstressed; thus, accurate spelling presupposes semantic
knowledge. This is similar to the homophones ‘to’ and ‘too’ in English. The STT soft-
ware suggested ‘a’ for ‘og’ and vice versa. As these errors were not spelling errors but
semantic errors, the homophones were not marked by spellcheck. All pupils made
two or three homophone errors while writing with STT. Pupils 5 and 6 revised all
homophone errors, while the other pupils revised one or two errors, leaving one
error in the final text. Another example of transcription errors was the emergence
of similar-sounding English words or phrases that were transcribed in English, even
though the pupils spoke in Norwegian, and Norwegian was set as dictation language.
Four pupils experienced that STT transcribed English or German words. While this
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happened, on average, 3.25 times per pupil (ranging from zero to five times), most
pupils noticed these errors and deleted them during revision.

Interview results

Percerved benefits

Regarding the main benefits of using STT, the pupils reported that it was exciting
to try something new; STT helped with spelling; and it was easier to elaborate when
producing text orally. Some pupils said that they experienced text production with
STT as faster than typing on a keyboard. One example of spelling assistance was
provided by Pupil 2, who wanted to write about a documentary on social media: “So,
I was thinking. How do I spell ‘documentary’? And then I said it out loud and it just
appeared. It [STT] was useful for those difficult words that I don’t really know how
to spell.”

Several pupils stated that it was easier to argue and elaborate when using dictation.
One pupil stated, “It is easier to explain something when you speak compared to
when you have to put it down in writing.” (Pupil 1). Other pupils described similar
experiences, emphasising that they were allowed to think aloud and focus on the con-
tent that they were trying to convey without having to consider spelling and syntax.
Pupil 6 stated that a benefit of writing with STT was that he was able to produce more
text in a shorter amount of time. He stated, “I felt like I was thinking faster. Or... I
was thinking at the same speed, but when I wrote with STT, more text appeared.”
The pupils described that it was easy to write with STT when the technology was
accurate. All six pupils were able to produce a reflective text by speech, even though
they reported that they had not used STT regularly since the initial training period.

Percerved challenges

The main challenges relate to the use of dialects, transcription errors and disruptions
due to revisions. Pupils 4 and 2 stated that they had to alter their pronunciation to a
more standard dialect to be successful when dictating. Pupil 4 expressed that it was
embarrassing to speak out loud when she had to enunciate each word, while Pupil 2
said, “I lost focus when I had to say everything clearly and correctly. I noticed that I
had to change my dialect to make it able to pick up what I meant. I had to pronounce
everything with a posh dialect and that was very distracting.”

Pupil 6 explained that one of the challenges with STT was that he had to plan and
speak at the same time. He said, “When I dictate, the words come straight out of my
mouth before I get the chance to think them through.” As he watched himself revise
his text, Pupil 6 explained that he had to delete more text when writing with STT
because he did not have the opportunity to formulate sentences and “test them out”
while he was speaking. Others described similar experiences. For example, they had
to delete text that they had dictated because they considered it “too oral.” Two pupils
had identified learning disabilities — Pupil 1 had a general learning disability, and
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Pupil 2 had dyslexia. Comparing Pupils 1 and 2 to the other pupils, the pupils with
identified learning disabilities became notably more frustrated during the writing
process when they encountered accuracy errors. Pupil 2 stated that he experienced
the writing process as less efficient because a lot of time was spent on revision. He
explained, “I got distracted when editing, and then I could not remember what I
originally planned to write.”

Emotional reactions

Some of the pupils stated that they found it embarrassing to dictate because other
pupils could listen to what they were saying. Pupil 4 noted that if she had been in
a room with only her closest friends, it would not have been embarrassing to use
STT. She added that the worst part was that she was sharing her text as it was being
produced, not the final version. The pupils reacted differently to the challenges that
emerged with STT. Some met the challenges without noticeable reactions, while oth-
ers were frustrated, and some found it amusing. Pupils 1 and 2 expressed frustration
when they experienced transcription errors or technical difficulties. When asked to
describe this experience, Pupil 2 explained that it was annoying because he knew he
could just type, and he lost focus trying to write by speech. Pupils 1 and 4 giggled
when the STT suggested something entirely different from what they had intended to
write. For example, the English abbreviation ‘omg’ (oh my god) was suggested when
one of the pupils dictated a phrase with similar sounding phonemes in Norwegian.

Discussion

The aim of this study was to explore how pupils with low writing achievement
approach and experience writing with STT. Findings from screen recordings and
stimulated recall interviews showed that pupils with low writing achievement were
able to produce reflective texts with STT in Norwegian. However, they experienced
both benefits and challenges caused by the technology. The main benefits relate to
spelling, being able to elaborate arguments orally and the excitement of trying some-
thing new. The challenges mainly pertain to disruption due to transcription errors,
the need to revise the text by hand and the embarrassment of speaking out loud.

Text production with STT

The pupils produced texts with STT, and described that they were relieved of some
challenges related to spelling when composing with STT. These findings are in line
with studies by Ok et al. (2020) and Nordstrom et al. (2019), who found that STT
was especially helpful for pupils who struggled with spelling. However, pupils in
the current study could not rely on STT to be 100% accurate and provide correct
orthography and syntax in Norwegian. Thus, this study does not entirely support
the hypothesis by De La Paz and Graham (1997) stating that STT allows pupils to
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spend less effort on lower-order skills and enables them to devote more attention
to higher-order skills, such as planning content, creating a good structure, and text
coherence. It is important to emphasize that this study was conducted with recently
integrated STT technology, and transcription errors are likely to be reduced as the
technology is further adapted to Norwegian users. When Norwegian language users
provide input in different dialects and correct transcription errors, the corpora will
grow, and the learning algorithms will be able to produce more accurate output. For
example, transcription errors in which STT produces text in languages other than
the preferred setting are likely to disappear as Norwegian text corpora increase. This
is likely to cause pupils less disruption and reduce the need for proofreading and
editing.

Challenges such as STT being automatically turned off and recognition errors are
also likely to be reduced as the technology improves. Algorithms underlying STT are
already trained to distinguish sounds in the task environment, such as coughing and
heavy breathing, from speech input intended for transcription (Yu & Deng, 2016).
However, these algorithms must be trained on larger language corpora of specific
languages to improve accuracy. As the accuracy of STT improves, the writing expe-
rience of pupils with low writing achievement is also likely to improve. Regardless
of improved technology, pupils with low writing achievement may still experience
a lack of control when writing with STT. The pupils in this study described how
STT produced text at a higher pace compared to writing by hand and typing on a
keyboard. Research on handwriting and typing shows that compositional fluency
correlates with text quality (Troia et al., 2020), yet the experience of higher fluency
was not considered a benefit by some of the pupils with low writing achievement in
this study. This issue is not likely to be resolved as technology improves.

A challenge with homophone errors is that they are correctly spelled words found
in the dictionary; thus, the spell check does not mark them as errors. Some of the
pupils did not recognise the homophone errors and did not correct them. Reading,
planning, text evaluation and revision are central elements in the writing process
and expert writers spend more time editing before considering a text a final product
(MacArthur, 2016). Pupils with low writing achievement are also likely to struggle
with reading (Wengelin & Arfe, 2017), and even though STT may reduce constraints
relating to encoding, as long as the technology is not entirely accurate, pupils still
have to decode their texts to check for errors in transcribed text.

Experiences

The pupils described that it was exciting to try a different approach to writing and
easier to elaborate and produce arguments orally compared to when they were typ-
ing or writing by hand. However, their emotional reactions of embarrassment, frus-
tration, and amusement epitomise how STT also caused disruption to the writing
process. The environmental factors of writing, as described in the WWC model
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(Graham, 2018), appeared to influence how pupils experienced writing with STT.
They had to expose their opinions, and although they were all composing at the same
time, they clearly considered their peers’ reactions to what they were writing. Thus,
providing a safe learning environment is especially important when pupils in lower
secondary education produce texts with STT. It should be noted that writing in
educational contexts may be distinctive from writing in other contexts. As the pupils
stated that it would have been less embarrassing to produce text with STT with only
close friends, it is recommended to introduce and practice using the technology dur-
ing low-stakes activities in a safe learning environment where the pupils feel secure
speaking out loud and are less concerned with producing texts of high quality.

The two pupils with identified learning disabilities expressed frustration when they
encountered accuracy errors. The pupil with dyslexia stated that it was frustrating
to use STT because he could just type what he wanted to write instead. However,
according to the measures of the pupil’s spelling ability (see Table 1), he was also
likely to make spelling mistakes when typing. The fact that some pupils experience
more frustration when writing with STT is supported by previous research (e.g.,
Ok et al., 2021). Personality traits and emotions are central elements in writing,
according to the WWC model (Graham, 2018). Thus, it is worth noting that even as
STT technology improves, pupils with low self-efficacy towards writing are likely to
have less patience and perseverance when testing out new writing approaches. They
may also have more to lose if STT does not provide sufficient assistance compared
to their peers, who, to a larger degree, master writing by hand or typing. Thus, as
is important with all assistive technologies, teaching professionals should consider
and evaluate individual benefits and constraints (Edyburn, 2006) when introducing
pupils to STT.

Implications for practice and future research

For pupils who have the prerequisites to understand how STT works, it is useful to
explain in simple terms why the technology will benefit from clear and continuous
dictation.

Continuous dictation is more likely to improve than word-to-word dictation, as
speech input algorithms perform better when they receive more input and can learn
from the context (Yu & Deng, 2016). Consequently, when a STT writer pauses
between words, the software is less able to use the surrounding words as contextual
indicators and prediction accuracy is reduced. Pupils should therefore be advised to
dictate continuously, even as STT technology improves.

Furthermore, as algorithms learn from feedback, pupils can be encouraged to cor-
rect transcription errors to improve the technology. STT alone cannot solve every
challenge related to text production for pupils with low writing achievement. Even
if accuracy improves and STT becomes an efficient transcription aid, it is equally
important to provide pupils with writing strategies and capabilities to approach other
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aspects of writing, such as ideation, planning, reviewing, and revising while using ST'T.
It is also important to provide instruction on how to write using STT. Compared to
handwriting, to which a lot of time and practice are devoted in elementary education
(Fancher et al., 2018), research on typing shows that few teachers provide keyboard-
ing instructions (Poole & Preciado, 2016) because pupils are thought to acquire typ-
ing skills without formal instruction (Grabowski, 2008). This study indicates that it
is important to provide instruction on how to utilize ST, as pupils with low writing
achievement experience difficulties when using this writing modality.

Due to school closures to prevent the spread of the COVID-19 virus, the pupils
had only a few weeks to practice writing with STT. This was not enough time to mas-
ter a new writing approach. It should be noted that STT is likely to be more accurate
in widespread languages such as English, French, Spanish or Chinese (McCrocklin
et al., 2019; Yu & Deng, 2016). Thus, using STT and a keyboard during writing
exercises in foreign language learning, may be beneficial for pupils with low writing
achievement. Further research on STT should include longitudinal studies to explore
the benefits and challenges of using STT in Norwegian and foreign languages over
time for pupils with low writing achievement.

Limitations of the study

The pupils in this study were introduced to STT for approximately four hours per
week for a 10-week period. However, this study was conducted eight months after
this introduction period, as schools were closed due to the COVID-19 pandemic.
During the eight months between the introduction period and the stimulated recall
writing session, the pupils reported that they had not used STT on a regular basis.
Some of the challenges reported in the results, such as STT turning off automat-
ically, may be explained by a lack of practice and familiarity with the technology.
The software provided had only been available in Norwegian in Microsoft Office
for approximately one year at the time of data collection. The high number and
variety of recognition errors may be caused by software building on a relatively
small language corpus.

When analysing the stimulated recall interviews, it became apparent that the pupils,
to a larger degree, described the content of their texts and challenges with the technol-
ogy rather than their experience of writing with a different modality. Future research
on adolescents with low writing achievement should consider that the stimulated
recall procedure sets high demands on the informants’ metalinguistic knowledge and
ability to reflect on their own writing process. It should also be noted that this study
contains a small sample of six pupils using rural dialects to produce a reflective text
with STT in the southern part of Norway. The sample size and design of the study
do not provide an opportunity to generalise findings to larger populations of pupils
with low writing achievement. Yet, some of the findings may be applicable to pupils
using STT in other Nordic languages as well, as the STT technology is likely to be
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as inaccurate in other smaller languages compared to widespread languages such as
English or Chinese.

Concluding remarks

This study indicates that at present STT is not yet the ideal writing technology for
pupils in Norwegian lower secondary education with low writing achievement. The
pupils experienced transcription errors and technological inaccuracies, and elements
of using STT that may have been considered a beneficial also caused the participants
some distress. For example, the process of speaking instead of typing — which is faster
and was expected to lead to more fluent production — was not considered a benefit by
all. However, there are some recognizable benefits, and STT may become an efficient
writing modality as Norwegian speech recognition technology develops. The find-
ings underline the importance of providing sufficient instruction and a safe learning
environment if pupils with low writing achievement are to exploit the technology’s
potential in an educational context.
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