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Abstract—This Research to Practice Full Paper investigates
second language learners’ writing output using an online next-
word prediction writing tool after exposure to training and
metacognitive prompts to improve their critical thinking. En-
gineering graduates’ writing skills are often deemed lacking by
industry standards; this can be even more challenging for English
as a foreign language (EFL) learners. This study employs a
randomized control trial with university-level participants using
an internally developed writing aid with next-word prediction,
reverse translation support, and metacognitive prompts. EFL
participants were given question prompts in the TOEFL iBT
independent writing task style, and the outputs were assessed
(machine and human) using several measures for writing quality.
All participants were shown short explanatory videos for TOEFL
writing advice and metacognition training. The treatment group,
exposed to the next-word prediction writing aid and metacog-
nitive prompts, performed better than the control group even
though both received the same training and writing opportunities.
This study indicates there is value in providing writing support
and metacognitive thinking practice to improve writing skills
and, ultimately, writing output quality. This study’s implications
can be applied not only to EFL learners but also to engineering-
related fields using English as a lingua franca.

Index Terms—Writing, Metacognition, Educational software,
Experimental research

I. INTRODUCTION

The importance of academic English writing ability of
Science, Technology, Engineering, and Mathematics (STEM)
students has increased with many tertiary level institutions
emphasizing the ability to contribute to knowledge transfer
and exchange on a global level [1]. Notably, Zhu [2] notes
that business and engineering-related programs are in high
demand for international students looking to advance their
academic careers. The task of writing itself is seen as an
essential element in engineering education [3] with “writing
to learn” pedagogy supplementing engineering departments’
goal of enabling graduates’ communicative ability.

Post-graduate students are often tasked with writing thesis
or research proposals. The same is true for non-native level
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English language learners using English in EFL (English as
a foreign language) or ESL (English as a second language)
environments. Researchers have identified some difficulties
second language (L2) students face when tasked with writing,
such as the ability to communicate research results [4], idea
organization, and appropriate vocabulary use [5]. Examples
such as Xiao and Chen’s [6] study of Chinese engineering
students in an EFL context also identifies similar factors
such as planning and organization strategies and language
formulation as significant barriers that face engineering L2
writers.

Engineering students themselves recognize the need for
domain-specific English skills to support their future profes-
sions [7]. This aligns well with actual industry practice: the In-
ternational Organization for Standardization has 27 published
standards relating to technical product documentation as of
March 2022, not to mention five more under development
and 23 standards already withdrawn, attesting to the inherent
difficulty of documenting technical works for those to be
usable by the public [8]. Through these standards, the need for
complete, clear, concise, and consistent writing is emphasized.

Modern tools such as automated writing evaluation, gram-
mar/style checkers, and next-word prediction algorithms can
be used to overcome low-level thinking difficulties such as
sentence formulation and lexical deficiencies. This can lead
to higher-level thinking tasks such as idea development, orga-
nization, and revision. However, over-reliance on tools might
impede independent writing skills development, returning to
the original unwanted situation. In addition, metacognitive
thinking can lead writers to make more efficient use of avail-
able tools and eventually have higher writing output quality.
Both digital writing aid use and metacognition enhanced
writing skills have been investigated in other studies, but
systematic research investigating both in action is limited.

II. THEORETICAL FRAMEWORK

Writing ability is commonly seen as an indicator of lan-
guage acquisition progression and proficiency [9]. Gaining
writing proficiency has numerous benefits. As Basturkmen



and Lewis [10] indicate, EFL learners who develop their
writing skills also develop their ability of self-expression, and
their confidence and enjoyment of written communication also
expand. In addition, writing is not only a communication skill
that is taught and assessed in academic settings but is also
seen as an essential skill for professional success [11].

EFL learners often struggle in the writing process [12]
and lack some of the formulating strategies [13] needed to
become better writers. EFL learners may find comfort in
writing in their L1 language then translate their writing to
English and improve their English writing skills by comparing
their translations with machine translations [14]. The machine
translation use, however, can end up being crutches instead
of scaffolds for learning, making it harder for the learners
to become independent writers. On the other hand, those
who choose to write in English directly may have vocabulary
deficiency, making them susceptible to tip-of-the-tongue phe-
nomenon. Studies have shown that prolonged struggle during
this phenomenon makes a person focus more on the struggle
than retrieving the needed word; thus, it is more likely for
the person to struggle again when they need to use the same
word in the future [15]. This is an unproductive cognitive load
for EFL learners practicing to write in English. Aside from
these inherent difficulties, translation and vocabulary recall tap
into the Remember and Apply levels of the revised Bloom’s
Taxonomy; these are lower levels whereas English writing
itself requires the higher levels: Analyze, Evaluate, and Create.
For EFL learners to improve their English writing, they must
be supported in going beyond the lower level thinking skills
by removing associated barriers.

Metacognition, more colloquially known as thinking about
thinking, has been shown to improve learning outcomes re-
gardless of age or intelligence [16]. In the case of writing in
the L2, metacognition could include understanding the source
of writing difficulty and seeking help to address deficiencies,
may it be through teacher support or the use of tools such as
dictionaries. Consequently, highly metacognitive learners can
reasonably be expected to persevere and not easily give up
on cognitive challenges [17] and thus not succumb to over-
reliance on assistance.

The digital writing assistant (Al KAKU) developed for this
study [18] was created with a framework to support EFL learn-
ers in the writing process. Current word processing platforms
(Microsoft Word, Google Docs) have features that primarily
help the first language (L1) users but do little to assist the L2
users struggling with language production. The researchers,
therefore, attempt to measure the combined effects of using
an intelligent writing agent and metacognitive training and
prompting. This intersection is a unique approach to digital
writing that the researchers predict will become more prevalent
in the future. As software tools become more sophisticated and
assistive, learners will be required to focus on higher-level
critical thinking skills to perform at the required levels.

This study aims to answer the following research questions:

o To what extent do metacognitive training/prompting and

the use of AI KAKU impact the writing proficiency of

L2 participants?

o Do participants improve their metacognitive awareness /
pre-task planning after receiving metacognitive strategy
training?

III. LITERATURE REVIEW

A. Intelligent writing assistants

Intelligent writing agents within the field of Computer
Assisted Language Learning (CALL) are not new (see Bow-
erman’s [19] work in the early 1990s) but have seen increased
research interest due to the sophistication of newer Artificial
Intelligence/Machine Learning (AI/ML)-based technologies
that have come to market. This development and research
have led to Natural Language Processing (NLP) applications
tailored to L2 learners and users. Gamper’s [20] scoping
review of intelligent CALL applications identified 19 systems
that aim to support L2 writers. The systems identified in the
researcher’s review can be categorized as grammatical and se-
mantic support (5 applications), collocation and sentence level
support (7 applications), higher-level communication skills and
user awareness (5 applications), and lastly, composition and
schema support (2 applications).

Some applications reported in the literature include Dai, et
al. [21] work on an NLP-based writing assistant for Chinese
input that provides word and sentence level suggestions to
users. They cite the struggle writers may experience when
thinking of the most appropriate word or phrase during the
writing process as reasoning to develop their application.
Chen, et al. [22] use NLP techniques to develop an application
called "FLOW,” which is intended to assist ELL writers in
composing and revising in English. Their initial testing with
Chinese students indicates that word and phrase suggestions
are beneficial to the user and recommend further development
and testing of similar frameworks. The Automated Writing
Evaluation (AWE) application Grammarly has received some
attention [23] on its impact in the L2 classroom. The applica-
tion was not developed for L2 users per se but contains several
features that support L2 writing: automatic writing feedback,
text prediction, and post-writing evaluation, all supportive
technologies for the L2 user.

B. Metacognition in engineering and language acquisition

Metacognition is concretely seen as the knowledge and
regulation of ones’ cognitive abilities [24]. In many ways,
metacognition is considered to be domain-independent [25];
that is, skills gained from metacognitive instruction done for
a particular subject matter may transfer to a different learning
domain. For instance, developing computational thinking skills
alongside metacognition is anticipated to have a positive
feedback loop as both reinforce problem solving skills [26].
Not only are both computational thinking and problem solving
skills important in engineering education, but metacognition
itself is critical as most, if not all, engineering professions
require lifelong learning [27]. Metacognition is a powerful tool
for lifelong learning as it enables an individual to use their life
experiences to inform their learning through reflection.



Metacognitive techniques have also been well studied in
second language acquisition studies. Dabarera, Renandya, and
Zhang [28] use the Metacognitive Awareness of Reading
Strategies Inventory (MARSI) in an experimental study with
English as a second language (ESL) students in Singapore. The
researchers found a significant (albeit small) gain in reading
comprehension in the participants who were given metacogni-
tive strategy instruction. Knospe [29] builds on the concept of
“cognitive regulation” from Dimmitt and McCormick’s work
[30] and investigates the potential metacognitive strategies
have on foreign language writing. The researcher takes a
case study approach with a single participant in a secondary
school setting. Keystroke logging/screen capture software and
stimulated recall interviews were used to gain insight into
the participant’s metacognitive knowledge while writing in
a foreign language. The researcher highlights the importance
of metalinguistic awareness, metacognitive knowledge of self,
and metacognitive knowledge of the task as factors that the
participant in the study engaged in to complete a writing
task. Notably, the researcher states that these metacognitive
strategies were transferable to contexts outside of L2 writing,
such as L1 writing. Metacognition in a computer-assisted
learning environment is explored by Zhang and Qin [31],
who developed the Language Learners’ Metacognitive Writing
Strategies in Multimedia Environments (LLM-WSIME) ques-
tionnaire. Data from 400 Chinese EFL participants showed
that metacognitive evaluating strategies as significant features
in the participants.

1V. METHODOLOGY
A. Research design

Figure 1 shows the experimental design used for this
research. This study employed a pretest-posttest experimen-
tal research design with control and treatment groups. The
experiment was conducted over a month from November to
December 2021. After going through the research description
and consent form approved by the institute’s ethical research
review board, the participants were randomly assigned to the
control or the treatment group. The control condition con-
sisted of a pre-test writing task, pre-test metacognitive writing
strategies questionnaire, short training videos, two unassisted
writing tasks, and a post-test metacognitive writing strategies
questionnaire and survey. The experimental condition con-
sisted of a pre-test writing task, pre-test metacognitive writing
strategies questionnaire, short training videos, metacognitive
prompts and nudges, two assisted writing tasks, and a post-test
metacognitive writing strategies questionnaire and survey. All
writing prompts in the experiment were chosen from sample
independent writing tasks of the Test of English as Foreign
Language Internet-Based Test (TOEFL® iBT), a commonly
used test of English proficiency for English as a Foreign
Language (EFL) students. Both conditions ended with a thank
you video to close the experiment.

While participants under the control condition received
the TOEFL iBT and metacognition training, they had to
complete the three writing tasks (pre-writing, post-writing 1,

Introduction and consent form Introduction and consent form

Pre-test writing Pre-test writing

Metacognitive writing
questionnaire

itive writing
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Survey; Metacognitive writing
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Fig. 1.
assistant.

Experimental design flow. "AI KAKU” is the intelligent writing

post-writing 2) without thesaurus, grammatical error feedback,
or predictive text functions. Participants under the treatment
condition completed the three writing tasks with the Al KAKU
writing assistant. This writing assistant features text prediction
and reverse translation features intended to help L2 writers
in the writing process. Participants were encouraged to write
at least 300 words but the experiment’s software accepted
submissions of any length. The writing samples analyzed in
this study contained between 51 to 635 words.

B. PFarticipants

Convenience sampling was used, and Japanese university
students were invited to participate in the study from three
institutions related to the researchers. The participants’ consent
was collected via the experiment’s website, and they were able
to retract their consent at any time during the experiment. The
experiment was structured to allow the participants to start
and finish the training and writings tasks at the participants’
convenience within the experiment’s duration. The experiment
initially received 197 registrations; after checking for incom-
plete and errant attempts, 121 submissions (control n = 60,
treatment n = 61) were deemed acceptable, resulting in 363
writing samples in addition to survey responses available for
analysis.

C. Farticipant training

The metacognitive training consists of a ten-minute video
recorded by the researchers largely inspired by Boston Uni-
versity’s Teaching Writing Metacognition flipped classroom
module [32]. The training included: 1) a short introduction
to metacognition, 2) where the learners might encounter
metacognition in the future, and 3) a few tips for writing



metacognitively, such as breaking down tasks and outlining.
The inclusion of metacognition training is in response to pre-
vious research results indicating that knowledge of cognition
cannot be developed by metacognitive prompts alone [33] but
can be improved with training interventions [34].

Learnability is essential for software to be usable [35]. A
two-minute video walking through the metacognitive prompts
and the main digital writing assistant interface was also
prepared to ensure that the participants understood how the
digital writing assistant works. This is akin to onboarding
tutorials for software applications [36]. This training video
is only shown to participants in the treatment group since
the metacognitive prompts and the digital writing assistant are
visible to them only.

D. Treatment software

This study employs a digital writing assistant called ”Al
KAKU?” that has been previously used by the researchers in a
case study [18] that showed potential in improving the writing
performance of the EFL participants. This study expands
upon that initial study to add writing training, metacognitive
training, prompting, and the intelligent agent’s writing assis-
tance. The web-accessible tool (https://www.aikaku.app/) was
designed with L2 writers as its primary target demographic.
Al KAKU has several unique features; a text prediction
engine that displays word suggestions with confidence scores
based on the user’s input. These word suggestions are based
on a language model developed by OpenAl (GPT-2) and
implemented by the Allen Institute for Al [37].

Secondly, a reverse-translate output field that translates the
users’ inputted English into their chosen first language. This
is intended to encourage the L2 writer to continue writing in
the L2 without resorting to commonly used tactics such as
wholesale machine translation from the user’s L1. In addition,
the simultaneous reverse translation is intended to provide a
mental bridge back to the user’s L1, allowing them to check
at a glance if what they are writing in the L2 is what they
intended to write. The word suggestions and updated reverse
translation only appear after a 2.5-second pause in typing. This
creates space for user agency and does not interrupt the writing
process when participants are pausing/thinking.

Importantly, Al KAKU does not feature spelling/grammar
correction as feedback given to the user while writing. Re-
search has shown that corrective feedback on mechanical
aspects of writing does little to improve student writing. At
the same time, more emphasis should be placed on strategy,
and formative feedback to students [38].

In addition to the intelligent word suggestions and reverse
translation features, Al KAKU also provides writing feedback
for the user in the form of a Measure of Textual Lexical
Diversity (MTLD) score. This measure of lexical diversity
has been shown in a study by Treffers-Daller, Parslow, and
Williams [39] to equate to the CEFR B1 (IELTS level 4,
TOEFL iBT 42-71) level when a score of 70.14 is achieved.

E. Writing quality factors

1) Tools used: The researchers analyzed the writing sam-
ples to gain insight into the linguistic development of the 1.2
participants. The samples obtained were analyzed via seven
measures; six quantitative methods via two web-based tools
and one qualitative method via a holistic assessment scale de-
veloped by the Educational Testing Service (ETS) corporation
[40]. The ETS rubric was used to match the writing prompts
employed in the study, based on ETS’s TOEFL®iBT exam.
To measure the dimensions of token count and MTLD [41],
Mizumoto’s [42] web-based R interface (see also Mizumoto
and Plonsky [43]) accessible via https://langtest.jp was used.
The remaining machine assessment dimensions of lexical den-
sity (LD), lexical frequency profile (LFP), mean length of T-
unit, clause/T-unit were analyzed with the web-based Lexical
Complexity Analyzer developed by Lu [44] and accessible
via https://aihaiyang.com/software/lca/ and the web-based L2
Syntactic Complexity Analyzer also developed by Lu, [45] and
accessible via https://aihaiyang.com/software/l12sca/.

2) Writing quality dimensions: In order to summarize the
lexical and syntactic dimensions used in this study, a brief
description of the seven measures noted above will be clarified
in more detail. The first measure of token count is the total
number of tokens written for each task given to the participant.
Simply put, the volume of written output is commonly seen
as an indicator of L2 writing maturity and proficiency [46].

The second quality dimension of MTLD measures the type
to token ratio (TTR) after every word until the value of
0.72 is reached, after which a factor is calculated. The TTR
measurement starts again with the next token until the next
factor is calculated. Finally, the total number of tokens is
divided by the total number of factors. Essentially, lexical
diversity or lexical variation demonstrates an L2 writer’s
range of vocabulary. Beginner or elementary L2 writers tend
to repeatedly use the same limited set of vocabulary; more
advanced writers can use a greater variety of words. There
are several methods to measure this dimension of writing
proficiency, TTR (corrected, root), the number of different
words (NDW), and McCarthy and Jarvis’s D [47] measure
are examples. However, those measures are more sensitive to
text length; MTLD, on the other hand, is more robust and less
sensitive to text length [48].

The third measure of lexical density (LD) can show how
much information is in the text, its content density, with more
dense texts being able to relay more information than less
dense texts, which Breeze [49] identifies as one measure of
language proficiency.

The fourth measure of Lexical Frequency Profile (LFP)
shows the proportion of words that are in the 2000 word-
frequency level (based on the British National Corpus [BNC]
and the Corpus of Contemporary American English [COCA])
and beyond the total number of words written [50]. Measures
of lexical sophistication are correlated to L2 development [51]
as Crossley and McNamara [52] show a relationship between
the number of uncommon or advanced words in L2 learners’



writing and the learner’s language development.

The measures of mean length of t-unit and clause per t-
unit are linguistic features that demonstrate syntactic complex-
ity. Again for this measure, the literature shows that more
advanced L2 writers can produce more complex syntactic
elements such as subordination or coordination and produce
longer sentences. In contrast, lower-level L2 writers tend to
compose shorter, less complex sentences [53].

The last writing quality dimension employed four university
EFL educators to serve as raters using ETS’s publicly available
6-point holistic assessment rubric. Human assessment of the
writing was considered an important dimension to include in
this study as machine assessment cannot fully capture factors
such as task completion (relevance to the question), organi-
zation, or proper use of language [54]. In other words, the
written output is not simply the sum of its parts. The training
was provided via videoconferencing, where the researcher
provided instructions and the raters scored ten writing samples
together with the researcher as a calibration session in addition
to discussing how to prioritize and interpret the ETS rubric.
The rubric itself follows established L2 essay rubric norms by
prioritizing content and ideas, organization, cohesion, vocab-
ulary, grammar, and mechanics as factors in that order [55].
Table I shows the number of samples rated per rater, with all
four raters scoring 73 common samples and then each rater
scoring an additional 72 to 74 samples independently. Inter-

TABLE I
SAMPLE DISTRIBUTION ACROSS RATERS.
R1 R2 R3 R4
#Commonly rated 1-73 1-73 1-73 1-73
#Individually rated | 74 - 145 | 146 - 217 | 218 - 289 | 290 - 363

rater agreement and rating normalization, scaling techniques
will be discussed in the Results and Discussion section of the
article.

FE. Metacognitive measures

The Metacognitive Writing Strategies Questionnaire
(MWSQ) [56] was modified from 18 questions to just ten
questions after the review or course staff to reduce the
likelihood of participant dropout. The options were also
reduced from six to just five (1 being the worst and 5 the
best), which was shown to yield better data quality [57].
It was then administered before and after the main writing
activities on both the control and treatment groups to gauge
the effects of the short metacognition training video and the
metacognitive prompts on the participants. The questionnaire
measures metacognitive ability specifically associated with
writing by asking about ones’ understanding of the writing
instructions and target audience, the ideas one intends to
convey, and their approach to organizing their writing.

V. RESULTS AND DISCUSSION
A. Inter-rater agreement and scoring normalization

Human assessment of writing samples can take considerable
human resources to complete; this study collected over 300

writing samples with an average length of 255 words each.
The researchers recruited three raters (including one of the
authors of this study, four raters in total) to assess the writing
samples using the ETS 6-point holistic rubric. To complete the
scoring more efficiently, the researchers split the 363 samples
into five chunks: chunk 1 was graded by all the raters and
then chunks 2 to 4 were graded independently. Table II shows
a Spearman’s rho correlation matrix for the writing samples
that were rated by all the raters with the range of p .69 to
p .82 considered as “moderate” to “strong” in social science
research [58].

TABLE I
SPEARMAN’S INTER-RATER CORRELATION VALUES FOR COMMONLY
RATED CHUNK.

Rater3 | Rater4 | Raterl | Rater2
Rater 3 1
Rater 4 0.75 1
Rater 1 0.69 0.80 1
Rater 2 0.74 0.78 0.82 1

However, a good correlation between raters does not indi-
cate positive agreement. Krippendorft’s alpha was calculated
at « .72 indicating sufficient agreement between the raters
[59]. This gave the researchers confidence to move forward
and include the human assessment of the writing samples as
another dimension of writing quality to be further analyzed.

Given the correlation and agreement between the four
independent raters was strong, the researchers proceeded to
standardize the independently scored samples (see Table I) by
calculating a z-score using Equation (1).

Rlscore — X (R1scorecommon)

(D

standardized = o(R1scorecommon)
Here, R1 is rater 1, Rlscore is the independently scored
sample, R1scorecommon are the samples that were rated by
all of the raters. This gave the researchers a standardized score
(z-score) for all the independently rated samples. The z-score
was scaled back to the original rubric scale using Equation
2).
(z —xmin) x5

Tnormalized = - (2)
rmax — rmin

Here, x is the z-score, xmin is the minimum z-score for that
rater’s independently scored samples, and xmax is the maxi-
mum z-score for that rater’s independently scored samples.

B. Baseline differences in control and treatment participants

As part of the research design, participants submitted writ-
ings for a pre-test before moving on to any of the experiment’s
training or assisted writing tasks. Descriptive statistics (mean
and standard deviation values) are provided to illustrate the
effects each condition had on the participants’ writing. In order
to check if there were any outliers (high ability or low ability)
participants that may skew the data observed in the study,
an independent t-test was conducted to determine if there
was a significant difference between the control and treatment



participants’ baseline ability. Results seen in Table III show
that in the pre-test phase, there was no statistical difference
along all writing quality measures used, giving the researchers
confidence that the control and treatment groups started with
similar writing abilities before any treatments were applied.

TABLE III
CONTROL AND TREATMENT PRE-TEST SCORES. MEAN, SD(), AND ¢-TEST
RESULTS.
Control Treatment t-test
Tokens 244.4 (80) 256.8 (75) | t(119) = -0.86 p = 0.38
MTLD 65.4 (18.4) | 63.5 (15.1) t(119) = 0.62 p = 0.53
LFP 0.10 (0.03) | 0.10 (0.04) t(119) =-0.16 p = 0.87
ETS 35() 3.5 (0.94) t(119) =032 p = 0.74
Ldensity 0.52 (0.04) | 0.53 (0.04) | t(119) =-1.75 p = 0.08
MLTunit 14.1 (3.1) 145 3.4) t(119) = -0.69 p = 0.49
Clause/Tunit 1.6 (0.2) 1.7 (0.3) t(119) = -1.13 p = 0.25

C. Effects of treatment and control

A two-way ANOVA was conducted on the seven writing
quality factors identified in this study to gain insight into
participant performance in the control and treatment condi-
tions. F-ratio and p-values are reported in Table IV. Several

TABLE IV
TwO-WAY ANOVA ANALYSIS OF WRITING QUALITY FACTORS. F-RATIOS,
P-VALUES DISPLAYED IN ().

A peta’ [ B peta® | A - B Interaction | p.eta
Tokens 1.6 (0.20) - 1.7 (0.17) - 0.3 (0.7) -
MTLD 0.01 (0.89) 10.8 (0.0000)*** | 0.08 1.3 (0.25)
LFP 1.3 (0.24) - 35 (0.0000)*** 0.22 0.57 (0.56) -
ETS 16.7 (0.0001)*** | 0.12 4.7 (0.0092)** 0.03 20.6 (0.0000)*** | 0.14
Ldensity 1.0 (0.30) - 18.8 (0.0000)*** | 0.13 3.4 (0.03)* 0.02
MLTunit 0.27 (0.59) - 4.7 (0.01)* 0.01 0.19 (0.8)
Clause/Tunit | 0.73 (0.39) - 4 (0.02)* 0.03 1.6 (0.2)

Note: *p <.05, ¥Fp <.0I, ¥¥p <.00I;
A = (Control - Treatment), B = (Pretest - Post-test 1 & 2)

dimensions indicate statistical significance between control
and treatment conditions and pre-test, post-test writing tasks.
According to Cohen’s effect size interpretations [60], the ETS
dimension exhibited the largest difference with a large effect
between control, treatment (factor A), a small effect between
pre and post-tests (factor B), and a large effect between
the interaction of factor A and B. Considering the ETS
dimension demonstrated the strongest directional significance,
it is visually represented in Fig. 2. For all the dimensions
that exhibited statistical significance, a Holm Bonferroni post-
hoc analysis (see Table V) was conducted to determine the
direction and strength of the relationships.

The post-hoc analysis reveals that the LFP dimension did
not show a statistical difference between the control and
treatment groups. However, post-tests 1 and 2 outperform the
pre-test writing condition. This indicates to the researchers that
the training both groups received after the pre-test had some
positive effect on the participants’ writings. The mean length
of T-unit (MLTunit) shows no significant difference between
control and treatment groups but indicates better performance
with the pre-test writing task than post-test 1 and post-test
2. This might indicate potential fatigue that some participants
reported from doing three writing tasks consecutively.

ETS (Error bars show 95% CI)

4.5 Factor 2
Pre-test

4 Post-test 1
Post-test 2

4.0+

Score

3.5+

3.0

Control

Treatment

Fig. 2. ANOVA results for ETS human assessment scores.

TABLE V
HOLM BONFERRONI POST-HOC ANALYSIS OF SIGNIFICANT FACTORS.

T-VALUES, p-VALUES ARE IN ().

pre - post 1 pre - post 2 post 1 - post 2
LFP 6.8 (0.0000)*< | 7.4 (0.0000)*< | 1.3 (0.165)
ETS 2.3 (0.01)*< 2.8 (0.004)*< 0.3 (0.7)
ETS @Control 2.2 (0.07) 1.6 (0.09) 0.58 (0.55)
ETS @Treatment 5.4 (0.0000)*< | 6.3 (0.0000)*< | 0.08 (0.9)
Ldensity 5.3 (0.0000)*> | 4.4 (0.0000)*> | 0.9 (0.33)
Ldensity @Control 3.5 (0.0007)*> | 1.5 (0.13) 2.4 (0.036)*<
Ldensity@Treatment | 3.9 (0.0004)*> | 4.7 (0.0000)*> | 0.9 (0.35)
MLTunit 2.4 (0.03)*> 2.5 (0.03)*> 0.05 (0.95)

Note: >, < indicates direction of significance.

The ETS dimension demonstrates significance between the
control, treatment conditions, and pre and post-test writing
tasks. Both post-test writing tasks perform better than the pre-
test while under the treatment condition, while there is no
significant difference in performance between pre and post-
tests in the control condition. The researchers can infer that the
metacognitive training, prompting, and Al KAKU’s assistance
positively affected the treatment participants.

Lexical density(Ldensity) also shows mixed results with
significance between control, treatment conditions, and pre and
post-test writing tasks, albeit with less consistent directionality.
Lexical density is improved in the pre-test compared to post-
test 1 in the control condition and improved compared to post-
test 1 and 2 in the treatment condition, while also showing
post-test 2 outperforming post-test 1 in the control condition.

D. Metacognition training effects

Since MWSQ was modified, translated, and administered to
participants that are considerably different from those tested
during MWSQ’s validation, the modified scale’s reliability
was tested using Cronbach alpha. Both pre-test (0.809) and
post-test (0.83) have Cronbach alpha scores greater than 0.75,
suggesting good internal consistency. The normality was also
tested using the Shapiro-Wilk normality test, resulting in p-
values of 0.0002 and 0.0481 for pre-test and post-test, re-
spectively, indicating normal distribution. A two-way ANOVA
test conducted on the survey results (see Fig. 3 and Table
VI) shows statistical significance between the treatment and



control conditions in addition to significance between pre and
post-test.

TABLE VI
Two-wWAY ANOVA ANALYSIS OF MWSQ RESULTS.

F-ratio (p) p.eta”
(A) Control - Treatment | 4.6 (0.04)* 0.20
(B) Pretest - Post-test 40.8 (0.0000)*** | 0.69
(A)(B) Interaction 1.4 (0.23) -

Note: *p <.05, ¥¥p <.0I, ¥Fp <.001

MWSQ  (Error bars show 95% Cl)

2601 Factor 2
Pre-test
- Post-test
g 240
[}
3]
7]
-
o
E 220
[77])
200+

Control Treatment

Fig. 3. ANOVA results for pre and post MWSQ survey results.

Following Cohen’s guidelines [60], the difference between
both control and treatment and pre-test / post-test show large
effect sizes, indicating to the researchers that participants
in both the control and treatment groups were able to im-
prove their metacognitive awareness of the writing task after
metacognitive training.

E. Relative Importance Analysis

Taking the results from the writing quality dimensions and
the MWSQ inventory, the researchers conducted a relative
importance analysis to gain insight into which factors con-
tribute to a higher ETS score. Using the ETS score as the
dependant variable, a Random Forest Boruta analysis identifies
the variables that are important to the dependant variable. As
seen in Figure 4, the factors of Tokens (word count) and LFP
(lexical frequency profile) are confirmed as factors that were
important to the participant achieving a high ETS score. The
interpretation of the results from the analysis is intuitive. The
more words the participant produced and the vocabulary level
of the words used were important factors that led the human
raters to assess the writing sample at a higher level.

While the machine assessment dimensions give the re-
searcher insight into some of the mechanics of writing quality
that can be quantitatively analyzed, human assessment is still
considered the gold standard when insight into the overall
quality of writing is needed. Therefore, understanding which
factors lead to better human assessment enables the researchers
to fine-tune treatment tools to be used in future studies.
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Fig. 4. Boruta (Random Forest) analysis of variable importance to ETS score.

F. Participant feedback

In order to gain insight into participants’ opinions regarding
the AT KAKU writing assistant, qualitative data was gathered
via a short survey given to the participants at the end of
the experiment. Responses to a 5-point Likert survey (N =
60) from the treatment group and open-response comments
(N = 37) from all the participants were collected. The two
survey questions regarding Al KAKU’s features given in the
survey were, “Q1: The word suggestions given to me were
useful” and ”Q2: The translation of my English displayed
to me helped me with my writing”. As seen in Figure 5,
responses to Q1 were largely positive, with 72% of responses
being “agree” to strongly agree”; similarly, Q2 showed strong
positive responses with 77% being “agree” to strongly agree.”

Word suggestion and reverse translation usefulness

= Word suggest = Reverse translate
s

Fig. 5. Post-experiment feedback on Al KAKU. 1 = "Strongly Disagree, 5
= "Strongly Agree”.

Looking further into the qualitative feedback received, the
researchers analyzed the comments received and subjectively
keyed each comment as positive, neutral, or negative. Of the 37
comments, 16 (43%) were tagged as positive, 5 (15%) neutral,
and 16 (43%) were tagged as having negative sentiment.
Figure 6 visualizes the top frequency words. The word cloud
reveals some common themes among the participants, includ-
ing task difficulty, a desire for improvement, more granular
feedback, and pre-task planning. Lastly, selected comments



with both positive and negative sentiments are summarized in

Table VII.
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Fig. 6. Word cloud of top frequency words.

TABLE VII
SELECTION OF FEEDBACK FROM PARTICIPANTS.

Sentiment | Comments marked as either positive (4) or Negative (—)
+ I was able to be more conscious of paragraph structure

and splicing than when I wrote the first time, and I think

my writing became more coherent.

I learn how to write my opinion thanks to AI KAKU.

I understand what I have to write better than before watch

video of training 1.

It is very helps improve my writing skill.

I was able to learn how to compose sentences.

At first, I didn’t know what kind of structure to write

but I understood how to write by watching the video.

I was able to improve my ability to write sentences.

It is difficult for me to write my opinion in English.

I could not use well this Meta AT KAKU system... I

want to know the scoring guide more clearly and in detail.

— I want the feedback of my answer. Such as this part

has grammar mistake, you should not use this word so

many times etc.

— Showing the next predicted word was a distraction. I

didn’t need it.

— I was so tired and this work was very difficult.

— I solved 3 questions in a row, so I could not keep my

concentration.

I+ +++ ++

VI. CONCLUSION

In this study, the researchers have combined the use of a
novel digital writing assistant (Al KAKU) with metacognitive
training and prompting in an experimental setting. As to the
first research question, the study results demonstrate that writ-
ing assistance and metacognitive training benefit L2 writers.
Namely, results from the human assessment of the writing
samples showed that the treatment condition had a strong posi-
tive influence. In addition, we can see the lexical sophistication
of the writing samples improved on both post-tests, as shown
by the LFP dimension. Lexical density and the mean length
of T-unit were not in line with the researchers’ expectations,
with both dimensions showing better performance in the pre-
test task. Further analysis is needed to understand why these
measures showed negative results. However, according to the

relative importance analysis, both lexical density and mean
length of T-unit are not important factors.

Reflecting on the results regarding the second research
question about metacognitive awareness, participants improved
on the MWSQ inventory after receiving metacognitive training
in both control and treatment conditions. While the relative im-
portance analysis did not show MWSQ performance impacting
the participants’ ETS score, the participants only received one
training session via the experiment’s website. Further research
is needed into how prolonged and sustained metacognitive
training, prompting, and nudging influence writing quality.

Qualitative feedback gathered in the study was largely
positive, with participants indicating metacognitive training
and Al KAKU as valuable tools that can help improve 1.2
writing.

The researchers intend to develop digital writing aids for
L2 users further. Further globalization and internationalization
in engineering education can be a catalyst to support EFL
students via novel techniques and tools.
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