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Keywords: This systematic review aims to examine the relationship between artificial intelligence (AI)-
Wri.ﬁ_nf‘% Slfﬂls ) assisted writing instruction and critical literacy skills of K-12 students. As a result of searching
Artificial intelligence Web of Science (WoS), Scopus, Education Resources Information Center (ERIC), and EBSCO da-
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tabases in accordance with the criteria determined, 15 studies were included in the analysis. As a
result of the descriptive analysis, five main themes were identified: critical content production
and evaluation, metacognitive skills and self-regulation, ethical thinking and evaluation,
analytical thinking and problem solving, motivation and self-efficacy for the Al-assisted writing
process and critical literacy skills. Our findings show that students use Al tools not as a simple
copy-paste tool, but as a supportive element to develop their thinking. Students question Al
outputs, synthesize them with their own ideas and manage their writing processes more
consciously. The findings of our study reveal that Al-assisted writing experiences increase stu-
dents’ ethical awareness of originality, academic honesty and creativity, improve their systematic
thinking skills in complex writing tasks, and increase their motivation to write. However, the lack
of any study at preschool level, the limited number of studies at primary school level, and the
scarcity of qualitative studies indicate that more research is needed in this field.

1. Introduction

Writing is a fundamental skill closely linked to academic achievement, everyday communication, formal negotiations, and more.
However, learning to write has been a challenging and complex cognitive process for most students due to a lack of contextual
experience (Chen et al., 2024). The act of writing is an important tool for human self-expression in all its aspects (Kaya & Ates, 2016).
Writing is a powerful tool for thinking. It is a skill that covers all disciplines. It is important for an individual’s career goals regardless of
degree, program and profession (Tasic & Hannah, 2017). It requires the learner to synchronize the demands of idea generation,
planning, text production, spelling, punctuation, grammar, self-monitoring, evaluation, and orthographic-motor integration
(Berninger, 2019). It reflects an individual’s thoughts and attitude about something, and writing also constitutes thinking (Sani,
Kurniawati & Nurwanti, 2018). In this respect, it involves both cognitive and meta-cognitive skills (Larkin, 2009). Therefore, general
knowledge and cognitive factors are important in developing writing skills (Barbot et al., 2012).

Writing requires the simultaneous control of many components such as organizing thoughts in a logical sequence, appropriate word
choice, and compliance with grammar rules; it is the last language skill acquired and the most difficult to develop (Demirel, 2003;
Kellogg & Whiteford, 2009). Developing students’ critical thinking skills in writing is important for different educational contexts
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(Ngajie et al., 2018). Recent research shows that more and more attention is being paid to the development of young children’s early
writing skills (and students completing K-12 in the US are expected to be proficient in writing (Li & Zhang, 2015, Zhang, et al., 2015).
Writing is considered a very important skill in education and work life). In the digital age, the meaningful realization of writing
processes in the K-12 period has an important place for both the school and the future lives of individuals (Bal & Oztiirk, 2025).
The emergence of artificial intelligence tools has also initiated changes in education systems. Indiscriminate use of Al can have a
negative impact on oral and written communication and social skills (Miron-Mérida & Garcia-Garcia, 2024). Thus, Blaizot et al.
(2022), in their study evaluating the use of Al methods for systematic reviews, stated that extensive human validation is still necessary
when applying Al methods. Purposeful use, on the other hand, can be beneficial in many ways. The integration of Al and IoT tech-
nologies in different fields has also attracted attention in the literature. For example, Lam et al. (2021) showed that the integration of
Al and IoT technologies in healthcare during COVID-19 has made significant contributions to the real-time monitoring of the health
status of older people and improving service quality. Applying similar approaches to education can lead to innovative learning ex-
periences. For example, automatic writing assessment tools have positive contributions to writing skills (Parra & Calero, 2019).
Al-assisted writing tools facilitate more effective writing performance improvements by providing automatic feedback on various
aspects of writing, including word choices, grammar, and vocabulary beyond punctuation and spelling checks (Chen, 2023). Similarly,
in different educational fields such as driver training, it has been shown that combining simulator-based training with Al analysis can
effectively detect and correct problematic behaviors, highlighting the value of Al-assisted training in various learning contexts (Tang
et al., 2025). Students receiving Al-assisted instruction show improved proficiency in various aspects of writing, including organi-
zation, coherence, grammar, and vocabulary (Song & Song, 2023). In this respect, artificial intelligence tools should take their place in
the future of education instead of being banned/rejected (Lim, et.al, 2023). In addition, in relation to the purpose of our study, there
are significant correlations between critical thinking skills, self-directed learning efficacy and Al-assisted writing (Shen & Teng, 2024).
Artificial intelligence challenges traditional methods in developing critical thinking skills (Gonsalves, 2024). In addition, Al can both
improve and complicate critical thinking in cognitive, affective and meta-cognitive domains (Gonsalves, 2024). The most common
challenges to Al adoption are transparency, explainability, bias, data privacy, robustness, and reliability (Kokina et al., 2025).

1.1. Argumentation and critical thinking in artificial intelligence assisted writing

In the writing process, students may face higher-level challenges that require more complex cognitive processes beyond technical
challenges such as grammar and word choice. These challenges include developing a coherent argument, constructing a logical
structure, evaluating evidence, and conducting a critical analysis (Safitri & Adani, 2024). This is because writing skills involve basic
writing processes, such as planning, language production, and revision, as well as the mental processes necessary for its creation and
retention in working memory (Kellogg, 2008). This indicates that writing is a product of complex thought processes.

Critical thinking and argumentation skills are central to effective writing. Wu et al. (2024) showed that computational thinking
improves critical thinking and problem solving skills by giving students the ability to analyze and evaluate text, identify patterns, and
develop creative solutions to writing problems. This approach helps students better understand the structure and content of the text by
breaking down complex writing tasks into smaller and more manageable chunks. A lack of these skills may cause students to expe-
rience difficulties in the writing process. Mallahi (2024) categorized the problems that students experience while composing argu-
mentative texts as cognitive, grammatical, discursive, and psychological problems. According to him, these problems are associated
with the fact that the argumentative writing genre is new and complex for students, their insufficient grammatical and discursive
competence, and their inability to use writing strategies effectively. In addition, critical thinking plays an important role in the
construction of argumentative discourse (Handayani 2016). Teng and Yue (2023) found that students who developed a certain level of
metacognitive awareness were more inclined to think critically and this resulted in better writing performance. In addition, Yilmaz-Na
and Sonmez’s (2023) research on critical thinking and argumentation skills from a different perspective revealed that a
computer-assisted argument-mapping tool improved students’ critical thinking and ability to create better argument maps.

Different types of technologies have been the focus of other studies. In their study of Al technologies, Latifi et al. (2023) stated that
these technologies can affect students’ argumentative essay writing performance in both positive and negative ways. Although the
negative aspects of Al-supported writing are mentioned in previous studies, the positive aspects are more prominent. For example, Kim
et al. (2025) found that generative Al-supported writing benefits students in three areas: the writing process, writing performance, and
affective domains. According to them, students indicated that their higher-order thinking skills, such as logical reasoning, critical
questioning, and evaluating the content produced by generative Al, were also important in overcoming the challenges associated with
Al These studies focusing on Al technologies in writing instruction suggest that more detailed research is needed in areas where
students’ Al-assisted writing and critical thinking skills intersect.

There are some studies on the effects of using artificial intelligence on writing skills and critical thinking. Some of the studies (Chen,
2023; Chen & Teng, 2024; Song & Song, 2023) focused on artificial intelligence and writing. Gonsalves (2024) examined the rela-
tionship between Al and critical thinking. Many research articles (Larkin, 2009; Zhang, et al., 2015) have focused on writing skills and
the writing process as a metacognitive skill. There are also review studies that examine the relationship between writing skills and
artificial intelligence. For example, Albadarin et al. (2024) found that ChatGPT is a valuable tool for improving academic writing skills
and language proficiency. Similarly, Feng Teng, (2024) studied the role of ChatGPT in the development of English as a foreign lan-
guage writing skills. There are also studies directly related to critical thinking in Al-assisted writing processes (Janse van Rensburg,
2024; Liu, et al., 2023; Sharma, 2024 and so forth). However, the participant groups of these studies are not at the K-12 level. The
participants of most of the studies on artificial intelligence and writing processes are university-level students. Our study is a systematic
analysis of research articles on the effects of artificial intelligence tools on both writing and critical literacy skills at the K-12 level. It
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fills the gap in the literature on the relationship between artificial intelligence and writing and critical thinking skills for school-age
children by holistically addressing the studies that address the relationship between artificial intelligence and writing and critical
thinking skills at the K-12 level with the systematic analysis method.

1.2. Purpose of the study and research question

This systematic review aims to examine in detail the studies on the relationship between Al-assisted writing instruction and critical
literacy skills of K-12 students. In line with this purpose, the research question of the study is as follows:

e What is the relationship between Al-assisted writing instruction and critical literacy skills in the identified studies?
2. Method
2.1. Research design

This research is a systematic literature review designed and conducted in accordance with PRISMA 2020 guidelines (Page et al.,
2021). In this way, a transparent, reproducible, and comprehensive synthesis of the research findings is presented. This systematic
review is one of the pioneering studies to comprehensively examine the relationship between Al-assisted writing and cultural literacy
in K-12 education.

2.2. Search strategy

The literature search for this systematic review was conducted using the WoS, Scopus, ERIC, and EBSCO databases. These databases
were selected for several reasons: (1) they represent the most comprehensive collection of peer-reviewed educational research,
covering both international and interdisciplinary publications; (2) WoS and Scopus are known for indexing high-impact journals with
rigorous peer-review processes that ensure the quality of the included research; (3) ERIC covers research that is directly specific to our
field, with a particular focus on educational research; and (4) EBSCO complements these by offering access to educational practice
literature that may not be available through the other three databases included in the search. These databases provide a balanced
coverage of theoretical, empirical, and practical research in educational technology without significant overlap. Other databases were
excluded either because they contained predominantly non-peer-reviewed publications or because their content was largely dupli-
cative of the work in our selected databases.

The keyword selection process was developed systematically based on the four conceptual pillars necessary for our research
question. These conceptual domains are artificial intelligence, writing skills, critical literacy, and K-12 education. To conduct a
comprehensive search for each conceptual domain, primary terms were identified, along with their common variations and related
concepts. The artificial intelligence category includes both general terms (e.g., "artificial intelligence,” "AI") and specific applications
(e.g., "natural language processing,” "generative AI") to capture the technological conceptual space related to writing instruction. The
critical literacy category covers various aspects of higher order thinking skills (e.g. "critical thinking,” "critical evaluation,” "critical
reasoning") to account for the different terminology used in educational contexts. The writing category focuses on instructional as-
pects, with terms such as "writing instruction" and "writing skills". The K-12 category included all relevant educational levels, from
"kindergarten" to "high school, " to ensure that appropriate age ranges were captured. All keyword variations were validated through
preliminary search. It was also developed in consultation with educational technology and literacy education subject matter experts to
maximize the precision of the search strategy. The search index used in the databases is as follows:

2 1

ALL= (("artificial intelligence" OR "AI" OR "intelligent systems" OR "AI applications" OR "AlI technology" OR "Al systems" OR "Al
tools" OR "artificial neural networks" OR "smart systems" OR "intelligent automation" OR "natural language processing" OR "NLP"
OR "generative AI"') AND ("critical literacy" OR "critical thinking" OR "critical reading" OR "critical analysis" OR "critical evaluation"
OR '"critical understanding” OR "critical pedagogy" OR "critical skills" OR "critical comprehension" OR "critical interpretation" OR
"critical awareness" OR "critical interpretation" OR "critical reflection” OR "critical reasoning" OR "critical inquiry" OR "critical
examination" OR "critical assessment" OR "critical discourse" OR "critical perspective" OR "critical approach" OR "critical media
literacy" OR "critical digital literacy" OR "critical information literacy" OR "critical text analysis" OR "critical discourse analysis")
AND (“writing” OR “writing education” OR “writing skill” OR “writing teaching™) AND ("K-12" OR "kindergarten" OR "primary
school" OR "elementary school" OR "middle school" OR "secondary school" OR "high school" OR "student*"))

The initial search were found 111 documents in WoS, 9725 in Scopus, 88 in ERIC, and 49 in EBSCO. Considering the number of
documents, the number of documents accessed when "search within" is set as "All fields" in Scopus is quite high. In addition, as a result
of the preliminary scanning, it was determined that there were studies far beyond the purpose of the study in these documents. For this
reason, "search within" was set as "Article title, Abstract, Keywords". Thus, the documents directly serving the purpose of the study
were searched. As a result of this search, 173 documents were found in Scopus. No date restrictions were made in the databases and
documents up to 28.01.2025 were included. The distribution of the search results according to document types is as follows:

e WoS: 76 article, 27 prooceding paper, 14 early access, 2 editorial, 6 review article
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e Scopus: 100 article, 46 conference paper, 11 book chapter, 4 review, 4 note, 4 book, 2 letter, 1 editorial, 1 conference review
e ERIC: 68 article, 9 conference paper, 10 report, 1 interview
e EBSCO: 44 article, 3 conference paper, 2 document

Only peer-reviewed research articles were included in the study. The reasons for this selection are: (1) peer-reviewed articles have
undergone a rigorous academic review process, (2) transparent and detailed reporting of research methods, (3) based on original
research findings, and (4) ease of access to full text. As a result of the screening according to these criteria, a total of 294 articles were
found. Language restriction was applied for accurate analysis and interpretation of research findings. 75 articles in WoS, 97 in Scopus,
68 in ERIC and 42 in EBSCO are in English. After including only English articles, 202 articles were finally identified.

2.3. Inclusion and exclusion criteria

The inclusion and exclusion criteria used in this systematic review were developed in line with the PRISMA 2020 guidelines. The
inclusion and exclusion criteria were carefully developed to ensure methodological rigor and relevance to our research question on
critical literacy in Al-assisted writing instruction in K-12 education. Database selection criteria were established to focus on quality,
peer-reviewed sources in internationally recognized journals with high impact factors. Publication type was restricted to full-text
research articles to ensure comprehensive reporting of methods and findings, as other types of publications (e.g., conference pro-
ceedings, book chapters) can often provide abbreviated descriptions where methodological details are omitted. The language criterion
(English only) was applied for practical reasons for accurate analysis and to avoid misinterpretation during translation. To ensure the
quality and reliability of the findings for the methodological criteria, we only included studies with a clearly articulated research
design and detailed data collection and analysis procedures. The participant criterion (K-12 students) was necessary to directly address
our research focus on school-age students as developmental considerations in writing, and critical thinking skills differed significantly
between K-12 and adult students. Finally, the content criteria focused on the intersection of AI, writing skills, critical literacy, and K-12
education to make a direct connection to our research question. These carefully formulated criteria allowed us to exclude indirectly
relevant or methodologically weak studies that did not contribute significantly to answering our research question. However, it helped
us identify the most relevant and methodologically sound studies that were most relevant to our research question. They are included
in Table 1:

As seen in Table 1, studies were included or excluded according to the titles of database, publication type, language, method,
participant, and content. Database, publication type, and language were performed automatically on the database. Method, participant
and content were performed manually by the researchers.

2.4. Study selection process

The flow card for the systematic study selection process is shown in Fig. 1:

As shown in Fig. 1, four different databases were used. In the first search, 421 documents were identified. In the screening process,
only 282 articles that were not written in English were evaluated. Subsequently, 103 irrelevant articles were excluded as a result of 102
duplicate, title and abstract searches. The full text of the remaining 75 articles was analysed in detail in line with the inclusion and
exclusion criteria. At this stage, a total of 62 articles were eliminated, including 37 articles that did not cover K-12 students, 6 articles
that did not focus on writing and digital literacy skills, 17 articles that were reviews, and 1 article whose full text could not be accessed.
After a rigorous screening and evaluation process, 15 articles that met the criteria of our study were included in the final analysis. To
ensure the objectivity of the selection process, the evaluations were conducted by two independent researchers and inter-rater reli-
ability was calculated using Cohen’s Kappa (Cohen, 1960) coefficient (k = 0.74). We resolved disagreements between the reviewers by
seeking the opinion of a third expert.

2.5. Data extraction

Within the scope of the systematic review, a comprehensive form development process was followed to ensure the reliability and
validity of the data extraction process. PRISMA 2020 guidelines were taken as a basis for form development. Categories were created to

Table 1
Inclusion and Exclusion Criteria.
Features Inclusion Criteria Exclusion Criteria
Database Articles indexed in WoS, Scopus, ERIC, EBSCO Articles no indexed in WoS, Scopus, ERIC, EBSCO
Publication Full-text research articles Prooceding paper, book, book chapters, review article, conference paper,
conference review, rapor
Language Articles in English language only Articles in langauges other than English language
Method Clearly stated research Review article, Literature review and research not clearly
Detailed data collection and analyses porcedures
Participants  Participants consisting of K-12 students Participants do not consist of K-12 students
Content Studies related to artificial intelligence, writing skill, critical Studies unrelated to artificial intelligence, writing skill, critical literacy, K-12
literacy, K-12 education education
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Fig. 1. Flow diagram of the article selection process.

examine the relationship between Al-assisted writing skills and critical literacy in K-12 education. The form development process was
carried out in three stages. In the first stage, the draft form consisting of seven basic categories obtained from the literature review was
evaluated by two experts. In the second stage, new subheadings were added and elaborated in line with the expert opinions. In the last
stage, the form was pilot tested on three articles and the form was finalized by making the necessary adjustments.

This systematic development process resulted in a structured data extraction form that allows for a comprehensive examination of
the relationship between Al-assisted writing and critical literacy in K-12 education. Two researchers analysed the articles indepen-
dently. Inter-coder reliability for descriptive data was assessed by calculating the percentage of agreement (Miles & Huberman, 1994).
For the points coded differently, the researchers came together and reached a consensus. Consensus was achieved at a level of 85 % in
descriptive data. While creating the findings section, the data were classified thematically in line with the research question and this
classification was made independently by two researchers and compared.

In order to assess reporting bias in the systematic review, inclusion/exclusion criteria were rigorously applied to prevent selection
bias, two independent researchers’ evaluation (x = 0.74) and disagreements were resolved by a third expert opinion. We preferred to
use Web of Science, Scopus, ERIC and EBSCO databases together to avoid reporting bias. Mixed Methods Appraisal Tool (MMAT)
Version 2018 was used to control methodological bias. Good agreement (x = 0.80) was obtained between researchers in the MMAT
assessment. The majority of included studies (60 %) were of high quality, supporting the reliability of the findings of this systematic
review. Studies of moderate quality also met acceptable methodological standards. There were no studies rated as low quality,
indicating that the overall quality of the included studies was good. In addition, in order to minimize geographical and cultural bias,
the existing situation is shown without any geographical limitation.
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2.6. Quality assessment

The method quality of included studies was assessed using the Mixed Methods Appraisal Tool (MMAT) Version 2018 (Hong et al.,
2018). The MMAT is a reliable tool designed to assess the method quality of qualitative, quantitative and mixed methods research in
systematic reviews. The quality assessment of the studies was carried out by two independent assessors who are experts in the field.
The assessors examined each study according to the MMAT criteria and scored each study on a 0-5 point scale. Cohen’s Kappa co-
efficient was calculated to determine inter-rater reliability. As a result of the analysis, a good level of agreement (x = 0.82) was found
between the raters. In twelve of the fifteen articles (80 %), full agreement was observed between the raters, while in the remaining
three articles, only one point difference was found. There were no assessments that differed by two or more points. As a result of the
MMAT assessment, the methodological quality of the studies was categorized into three levels.

In the evaluation, the studies were classified as high quality studies (1st, 2nd, 3rd, 4th, 5th, 6th, 8th, 10th, 13th articles; n = 9) and
medium quality studies (7th, 9th, 11th, 12th, 14th and 15th articles; n = 6). There were no studies categorized as low quality. The
majority of the included studies (60 %) were of high quality, supporting the reliability of the findings of this systematic review.
Medium-quality studies also met acceptable methodological standards. The lack of studies rated as low quality indicates that the
overall quality of the included studies was good.

2.7. Data analysis and synthesis

In this study, we chose the descriptive analysis method to examine the collected information in an orderly manner and conducted
our study in three stages. First, we carefully analysed the data extraction form to understand how the use of artificial intelligence in
writing education affects students’ critical thinking skills. Then, we examined the findings of the 15 studies we selected in detail.
Finally, we grouped the information we obtained from all these examinations according to similar topics and grouped them under main
headings. As a result of the descriptive analysis of the research, five main themes were identified that reveal the relationship between
Al-assisted writing processes and critical literacy skills of K-12 students: (1) Critical Content Generation and Evaluation in AI-Assisted
Writing Process, (2) Metacognitive Skills and Self-Regulation in Al-Assisted Writing Process, (3) Ethical Thinking and Evaluation in AI-
Assisted Writing Process, (4) Analytical Thinking and Problem Solving in Al-assisted Writing Process, (5) Motivation and Self-Efficacy
in Al-Assisted Writing Process. We explained the findings in each theme in an interconnected way and supported them with direct
quotations from the studies. We then interpreted these findings in detail and discussed what they meant. In doing so, we both
considered the purpose of our research and compared it with previous studies on the subject. To ensure the reliability of our study, two
researchers first analysed the data separately. In the first evaluation using Miles and Huberman’s formula, the agreement between us
was 0.70. Then we came together to discuss the points where we disagreed and formed a common opinion. For some cases where we
were undecided, we consulted the opinion of a third researcher. As a result of these interviews, the agreement between us increased to
0.85.

2.8. Trustworthiness and reliability

To ensure the validity of this systematic review, we considered the criteria of credibility, transferability, dependability, consistency
and confirmability suggested by Lincoln and Guba (1985) for qualitative research.

First, we compared the analyses we conducted separately as two researchers using Miles and Huberman’s formula. Then, we asked
a third researcher experienced in the field of artificial intelligence and education to review our entire analysis process and findings.
Finally, we supported our interpretations with quotations from the studies. We explained each step in detail so that our research could
serve as an example for other studies. We explained in detail how each study addressed the relationship between Al-assisted writing
instruction and critical thinking skills. We also transparently reported our entire systematic review process using the PRISMA 2020
checklist. For the consistency of our study, we recorded the entire research process in detail. We explained step by step which studies
we selected and why, how we collected the data, and how we analysed them. Our agreement in our evaluations as two researchers
increased from 70 % at the beginning to 85 % after discussions. We also clearly reported our methodological quality assessments using
the MMAT. We stored our entire analysis process in digital format (OSF) so that it could be reviewed by others when needed. We
followed the PRISMA 2020 guidelines to increase the credibility of our study and transparently reported each step. We conducted a
comprehensive literature review and clearly stated which studies we included and excluded and why. We collected data using a
standardized form and conducted the entire analysis process in a systematic way.

3. Results

In this section of the study, we present the findings of the systematic review. In Table 2, we present information about the studies
included in the analysis.

Analysis of Table 2 reveals that the studies on the subject have intensified in recent years (especially between 2023-2025). This
may be related to the widespread use of large language models such as ChatGPT in education. In terms of research designs, it is
noteworthy that mixed method studies are predominant. The studies encompass various sample sizes, ranging from in-depth quali-
tative studies with 10 students to large-scale experimental studies with 1000 students. In terms of educational levels, it is seen that the
studies are mostly concentrated at the high school level, there are no studies at the preschool level, and there are relatively fewer
studies at the primary school level compared to the high school level. This may be related to the fact that the use of artificial
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Table 2
Studies included in the review.
Authors & Year Purpose Research K-12 Al Tool Writing Dimension Critical Thinking
Design Level Dimension
&
Sample
Size
Lin et al. (2025) To examine the effects of Mixed-methods High Poe Content creation, Self-evaluation, peer
generative Al integration into School (ChatGPT, feedback and assessment, reflective
digital multimodal 11 Claude, revision, practice
composition on students’ students Llama) multilingual support
motivation, writing processes,
and learning outcomes.

Aladini et al. To investigate the effects of AI-  Quasi- High ChatGPT Self-directed writing  Self-regulation,

(2025) based writing tasks on L2 experimental School tasks metacognitive thinking,
students’ writing proficiency, 561 reflective thinking
mindfulness development, and students
grammatical knowledge.

Donnelly et al. To analyse student Quasi- Grade 6 c-rater Science writing Explanation making,
(2015) compositions using natural experimental 346 evidence use, comparison,

language processing to students reflection
improve students’ explanations
of thermodynamic concepts.

Higgs and To examine young people’s Qualitative High ChatGPT, Creative writing Critical evaluation of
Stornaiuolo  views, experiences, and ethical School MyAlI, technology’s social
(2024) concerns about Al use and Al- 131 Grammarly impacts, ethical thinking

assisted writing. students

Stornaiuolo To investigate how young Critical case study High Character.ai Creative writingand  Critical understanding of
et al. people interact with generative School interaction platform dynamics, ethical
(2024) Al in their daily writing 63 evaluation

practices. students

Crossley et al. To evaluate writing quality by Quantitative Grade 10 ~ Writing Pal Persuasive writing Perspective development,

(2016) incorporating individual 86 (W-Pal) evidence-based
differences and linguistic students argumentation, logical
features into automatic essay organization
scoring models.

McCarthy et al. To examine the effects of 2 x 2 factorial High iSTART Self-explanation Comprehension
(2018) metacognitive prompts in an experimental School writing monitoring, inference

intelligent tutoring system. 234 making, knowledge
students integration

Allen et al. To examine relationships Experimental High W-Pal Argumentative Argument development,
(2019) between linguistic flexibility, School writing evidence presentation,

reading comprehension, and 131 perspective evaluation
automated writing feedback. students

Solis and Idul To explore students’ lived Phenomenological High ChatGPT, Academic writing Content creation, editing,
(2024) experiences, motivations, and School Cici, Quillbot, analysis, evaluation

insights regarding Al writing 10 Others
tools. students

Lamb et al. To examine students’ cognitive ~ Experimental Grades ANN Science Writing Inductive reasoning,
(2021) mechanisms and critical 4-5 Heuristic problem-solving,

thinking skills during writing 1000 deductive reasoning,
through learning using students decision-making
computational modeling.

Zhao et al. To develop and evaluate an Al Pre-post Grades ChatGPT, Al-assisted writing Al ethics, critical
(2024) curriculum for children in experimental 3-4 Artbreeder, projects evaluation of safety and

Taiwan. 30 Boomy societal impacts
students
Ngetal. (2022)  To investigate the effectiveness =~ Mixed method Primary Various Al Digital story writing ~ Analysis, evaluation,
of digital story writing in School tools creation, ethical thinking
developing Al literacy among 82
primary students. students

Herbold et al. To systematically evaluate the Comparative Grades ChatGPT Argumentative Logical structure,

(2023) quality of ChatGPT-generated analysis 11-13 (GPT-3.5, composition expression and
writings compared to human 270 GPT-4) comprehensiveness,
writers. essays language mastery

Wang et al. To examine how students Mixed method Grades eRevise Text-based Evidence use, analysis,
(2020) implement feedback received 5-6 argument writing evaluation, reasoning

through an automated writing 143
evaluation system. students

(continued on next page)
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Table 2 (continued)

Authors & Year Purpose Research K-12 Al Tool Writing Dimension Critical Thinking
Design Level Dimension
&
Sample
Size
Utami, To map perceptions, barriers, Mixed method Grade 11 Two Al Process-based Systematic thinking and
Andayani, and optimization suggestions 58 writing writing critical analysis
Winarni, & regarding Al use in academic students assistants
Sumarwati, writing teaching.
2023

intelligence tools requires higher level cognitive skills. The artificial intelligence tools used range from general purpose large language
models (such as ChatGPT) to systems designed for specific purposes (such as Writing Pal, iSTART). The widespread use of ChatGPT is
noteworthy in recent studies. One of the important facts is that Al-assisted writing instruction aims to develop not only technical
writing skills but also higher-order thinking skills, ethical awareness, and digital literacy. This holistic approach draws attention to the
role of Al in developing 21st century skills.

As a result of the descriptive analysis of the research, we identified five main themes that reveal the relationship between K-12
students’ Al-Assisted writing processes and critical literacy skills: (1) Critical Content Generation and Evaluation in Al-Assisted Writing
Process, (2) Metacognitive Skills and Self-Regulation in Al-Assisted Writing Process, (3) Ethical Thinking and Evaluation in Al-Assisted
Writing Process, (4) Analytical Thinking and Problem Solving in Al-Assisted Writing Process, (5) Motivation and Self-Efficacy in Al-
Assisted Writing Process. The findings related to these themes are presented below.

3.1. Critical content generation and evaluation in Al-Assisted writing process

Research under this theme examines how students manage their content generation and evaluation processes in their interactions
with Al tools. Lamb et al. (2021) analysed the effect of learning through writing on critical thinking using artificial neural networks in
their experimental research with 1000 students and determined that the contribution of critical reasoning in the experimental group
(0.98) was significantly higher than the control group (0.04) as a result of 100,000 simulations. Lin et al. (2025) found that 36.4 % of
the students (4 people) used Al to generate poems from keywords and synthesized Al outputs with their own ideas instead of directly
copying them. Herbold et al. (2023), in a comparative study in which they analysed 270 compositions, found that GPT-4 outperformed
students’ writing by an average of 1 point on a 7-point Likert scale in terms of logical structure, language complexity, word richness
and text connections. In their study with 131 students, Higgs and Stornaiuolo (2024) found that 91 % of students used Al writing tools
more than once, but students perceived a lack of emotional depth and authentic voice in AI writing.

3.2. Metacognitive skills and self-regulation in Al-Assisted writing process

Within the scope of this theme, it was examined how the Al-assisted writing process affected students’ metacognitive strategies and
self-regulation skills. McCarthy et al. (2018), in their study conducted with 234 students, found that the quality of self-explanation in
the iSTART system increased significantly compared to the control group (F(1, 231) = 29.78, p < .001, n°p = .11). In the transfer test,
students showed higher performance especially in questions requiring inferential thinking (t(231) = 2.30, p < .05). In their study with
131 high school students, Allen et al. (2019) found that students showed linguistic flexibility in different writing tasks and made
changes in four linguistic dimensions (narrativity, word concreteness, referential cohesion, and deep cohesion) during the revision
process. It was also found that students with higher reading skills used less narrative and more analytic language. Wang et al. (2020), in
a study of 143 students using the eRevise system, found that 20 % of students (n = 29) showed improvement in their ability to use
evidence, with greater improvements (ES=0.39), especially among students who scored low on the first draft (n = 95). Of the students
who received Level 3 feedback, 39 % showed slight improvement and 21 % showed significant improvement.

3.3. Ethical thinking and evaluation in Al-Assisted writing process

Under this theme, ethical awareness and evaluation skills developed by students in the Al-assisted writing process were examined.
Higgs and Stornaiuolo (2024) found that students had three main ethical concerns in the use of Al: (1) concern that human creativity is
threatened, (2) fear of loss of originality and authenticity of writing, and (3) concern of unfair academic advantage. Stornaiuolo et al.
(2024) examined the Character.ai platform and found that students questioned the platform’s ambiguous policies on data and
copyrights, and had privacy and surveillance concerns when using the platform. Solis and Idul (2024), in their phenomenological
research with 10 high school students, identified four main ethical concerns in students’ use of Al: (1) becoming over-dependent on Al
and weakening critical thinking skills, (2) loss of authenticity, (3) plagiarism concerns, and (4) academic integrity concerns. Ng et al.
(2022) conducted a study with 82 elementary school students and found that 53 % of the students performed above average on the AI
knowledge test (M= 3.18; SD = 0.95), and four students recognized the importance of Al ethics and reflected ethical concerns with
data bias in their stories. Zhao et al. (2024), in their research with 30 primary school students, found that students gained awareness
about Al ethics, safety, and developed critical thinking skills about the opportunities and challenges that Al technology will create in
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their future professions.
3.4. Analytical thinking and problem solving in Al-Assisted writing process

Under this theme, students’ analytical thinking and problem solving skills were examined in the Al-assisted writing process.
Crossley et al. (2016) evaluated the critical thinking quality of the Writing Pal system on a 6-point scale in a study conducted with 86
students. They found that the system’s model, which combines individual differences and text features, explained 52 % of the variance
and provided 99 % close matching accuracy. Donnelly et al. (2015) conducted a study with 346 students and found that the scores of
students who received correct guidance increased significantly (0.59 points, p<.01), but the scores of students who received incorrect
guidance (25 out of 150 pairs) decreased. Lamb et al. (2021) found that neural network analysis showed high prediction success (84 %
of correct results and 88 % of incorrect results) and that the model significantly improved students’ performance on the Cornell Critical
Thinking Test. Aladini et al. (2025), in a study conducted with 561 students, found that Al-assisted tasks improved students’ critical
thinking, self-regulation and problem solving skills.

3.5. Motivation and self-efficacy in AI-Assisted writing process

Under this theme, students’ motivation and self-efficacy skills in the Al-assisted writing process were examined. Lin et al. (2025)
measured students’ motivation for using Al in four dimensions. They found high levels of satisfaction (M = 4.00, SD=0.50), attention
(M = 3.78, SD=0.65), interest (M = 3.72, SD=0.55) and confidence (M = 3.41, SD=0.61). Utami, Andayani, Winarni, & Sumarwati,
2023 conducted a study with 58 students and found that 86 % of the students found that Al tools helped their writing performance, 65
% improved their writing skills, and 69 % improved their writing quality. In Wang et al.’s (2020) study, 80 % of the students reported
that they understood the feedback "mostly" or "completely" and 75 % reported that they used "most" or "all" of the feedback. Zhao et al.
(2024) found that 93 % (28/30) of students wanted to continue learning Al in the future and that the use of Al increased interest in
technology (mean=>5.83/7.0). As another positive contribution, Aladini et al. (2025) found in their large-sample study (n = 561) that
Al-assisted tasks increased student autonomy and self-efficacy, and increased motivation and engagement levels in students.

4. Discussion

In this study, we aimed to examine the relationship between Al-assisted writing instruction and critical thinking skills of K-12
students with a systematic approach. As a result of the research, we determined that Al-assisted writing processes shape students’
content generation and evaluation competencies, higher-order thinking and self-regulation skills, ethical awareness and evaluation
approaches, analytical thinking and problem-solving capacities, and motivation and self-efficacy perceptions towards learning.

Our findings regarding students’ content production and evaluation approaches in Al-assisted writing processes reveal that they
create original content by integrating the opportunities offered by technology with their own thought processes. Faiz et al., (2023);
Fathi and Rahimi (2024) also supported this finding and concluded that the use of artificial intelligence helps in the development of
writing skills holistically with elements such as task completion, coherence, conjunction, vocabulary, grammatical variety and ac-
curacy. The use of artificial intelligence in writing instruction will provide significant improvements in grammatical competence and
its contribution to the quality of writing is also supported by different studies (Athanassopoulos et al., 2023). Another finding of our
research is that artificial intelligence tools support students’ critical thinking skills. Based on our findings, students’ questioning
artificial intelligence outputs and synthesizing them with their own ideas contribute to the development of evaluation and creation
skills, which are the basic components of critical thinking. In relation to this finding, Al Shloul et al. (2024) emphasized that it is very
important for students to interact critically with the content produced by Al in order to maintain the integrity and robustness of
educational outcomes.

In terms of metacognitive skills and self-regulation, The analysis indicates that Al-assisted writing processes improve students’
ability to manage and evaluate their own learning processes. This development deepens the critical thinking strategies that students
use in the writing process. Linguistic flexibility and the use of evidence in editing processes were identified as important variables of
critical thinking. Our finding regarding the contribution of artificial intelligence to evaluation skills is supported by many studies in the
literature (Mintz, et al., 2023; Owan, et al., 2023; Pattada, 2024 and so forth). However, our study addresses a different point from the
studies in the literature in terms of artificial intelligence, writing skills, critical literacy and evaluation. Supporting our finding, Al
Shloul et al. (2024) addressed this multiple relationship within the limitation of scientific writing. According to them, Al-assisted
writing is a powerful aid in drafting, revising and generating ideas, as well as a critical evaluation of the appropriateness of the
content. Similar to our finding regarding the contribution of AI to students’ metacognitive processes, Latifi & Noroozi (2021)
demonstrated that during structured feedback processes, students not only learn the main components of effective writing in their field
but also actively practice these components by providing and receiving quality feedback, thereby developing their critical evaluation
skills.

Our findings regarding the ethical thinking and evaluation dimension show that students’ awareness and critical approaches to the
use of artificial intelligence in the writing process have improved. Thinking about the effects of artificial intelligence technology and
developing ethical concerns strengthen the ethical dimension of critical thinking in students. This situation reveals that Al-assisted
writing processes enable students to develop their critical thinking skills within an ethical framework. Corcuera (2024), which
partially overlaps with our findings, concluded that artificial intelligence has a positive effect on writing skills. However, unlike our
findings, Corcuera (2024) drew attention to the fact that artificial intelligence is overly addictive, makes students comfortable, and
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plagiarism issues. Like Corcuera (2024), many studies in the literature, while stating that artificial intelligence contributes to writing
skills, also draw attention to ethical concerns (AlSamhori & Alnaimat, 2024; Hosseini et al., 2023; Khup & Bantugan, 2025 and so
forth). In this respect, as we stated in the findings of our study, it is necessary to strengthen students’ critical literacy skills in order to
minimize ethical concerns.

In terms of analytical thinking and problem solving skills, Al-assisted writing processes contribute to students’ systematic thinking
and reasoning skills. In this way, we concluded that students use critical thinking strategies more effectively in complex writing tasks.
The findings demonstrate that artificial intelligence tools, when supported by appropriate pedagogical approaches accelerate the
development of students’ analytical thinking and critical evaluation skills. The findings of our study are supported by other studies in
the literature. For example, Susanto et al. (2023), in a study conducted with secondary school students in Hong Kong, states that Al
technology contributes to problem solving skills in the writing process and improves students’ ability to communicate complex ideas
effectively. Similarly, Khup and Bantugan (2025) in their study for junior high school students concluded that AI contributes to the
generation of original ideas, grammar, vocabulary and text structure and improves students’ creativity. However, in the same study,
Khup and Bantugan (2025) reached a different conclusion from the findings of our study by stating that artificial intelligence also leads
to problems such as overdependence, plagiarism and limited critical thinking.

Our findings regarding motivation and self-efficacy show that Al-assisted writing processes increase students’ desire to learn and
their self-confidence. Our findings show that this supportive situation enables students to use their critical thinking skills more
willingly and effectively. In addition, this supportive learning environment provided by artificial intelligence tools contributes to
students becoming more autonomous and self-confident individuals in developing their critical thinking skills. Szmyd and Mitera
(2024), making similar points with our findings, state that artificial intelligence allows the pace and difficulty level to be adjusted
according to the individual needs of each student, providing a higher level of engagement and motivation. Another study by Khup and
Bantugan (2025) concluded that Al improves students’ writing skills, increases their motivation and encourages engagement by
providing personalized feedback. Recent advancements in generative artificial intelligence (Gen-AI) have significantly transformed the
manner in which writing instruction can be supported by human intervention. Banihashem et al. (2024) conducted a study comparing
peer-generated feedback with ChatGPT-generated feedback in university students’ essay writing. Their findings revealed an interesting
complementary relationship: while ChatGPT excelled in providing descriptive feedback about how essays were structured, human
peers were more effective at identifying specific problems within the essays. Although their study focused on higher education rather
than on K-12 students, their findings align with our observations regarding the importance of combining human guidance with Al
tools. Similar to our finding that students benefit from critically evaluating AI outputs, Banihashem et al.’s (2024) study suggests that
optimal educational outcomes occur when Al tools are integrated with human intervention rather than as standalone solutions. This
integration helps develop both writing skills and higher-order thinking abilities, supporting our conclusion that the future of writing
instruction lies in developing effective human-AI collaboration models across all educational levels. In addition, although our study did
not specifically analyze demographic variables in Al-assisted writing processes, Noroozi et al.’s (2023) research showed that factors
such as gender can significantly affect argumentative essay writing and peer review performance in online learning environments. This
highlights the importance of considering demographic variables in future research on Al-enhanced writing instruction to gain a more
comprehensive understanding of how different groups of students interact and benefit from these technologies.

5. Limitations

This systematic review has some methodological and content limitations. Methodologically, our study was limited to English ar-
ticles in 4 databases. The exclusion of publications in other languages and other types of academic publications (book chapters,
conference proceedings and so forth) may have limited the scope and universality of our study. A significant number of the studies we
examined measured students’ critical thinking skills in Al-assisted writing processes with different assessment tools. For this reason, it
becomes difficult to compare the results of the studies. In addition, the analysed studies were limited to K-12 level, but there was not a
balanced distribution among different age groups in the studies analysed for this study. No studies were found with pre-school stu-
dents, and the number of studies with primary school students is quite limited compared to middle and high school students. Another
limitation is that most of the studies evaluated students’ critical thinking skills in Al-assisted writing processes with quantitative data.
The scarcity of qualitative studies that examine students’ thinking processes in depth has caused some dimensions of the subject to be
insufficiently illuminated. There were also significant differences in sample sizes between the studies reviewed. For example, Solis and
Idul (2024) provided qualitative data with only 10 students, whereas Lamb et al. (2021) provided larger-scale analyses with 1000
students. This makes it difficult to make comparisons in terms of generalizability and depth of the findings. Although studies with small
samples can provide in-depth insights, the lack of statistical power can make it difficult to generalize the results. In addition, the variety
of artificial intelligence tools used in the studies (ChatGPT, Writing Pal, iSTART, etc.) limits the consistent comparison of results. The
different features and backgrounds of different tools may affect students’ writing and critical thinking skills in various ways. The lack
of detailed background information on the characteristics of the participants in the reviewed studies is also an important limitation.
While these studies generally provide basic demographic information such as age, grade level, and sample size of the participants, they
do not include other important characteristics that may affect the way students interact with artificial intelligence, critical thinking,
and argumentation. Factors such as students’ prior technological experiences, digital literacy levels, academic achievement levels,
socioeconomic status, and language proficiency have not been reported in most studies. This deficiency makes it difficult to compare
the experiences and performance of students with different characteristics in Al-assisted writing processes. Although some studies
provided information on the cultural and educational contexts of participants, the depth and breadth of this information was limited.
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5.1. Recommendations

Based on the findings of our study, recommendations are presented under three headings for teachers, researchers and policy
makers. Teachers can organize writing activities to develop students’ thinking skills. In these activities, students should be able to
question and evaluate the texts they encounter and combine them with their own ideas. Teachers can use methods to help students plan
and evaluate their writing processes. In classroom discussions, students can be made aware of writing in accordance with ethical
values. School administrators and education policy makers can organize training programs to support the professional development of
teachers in the process of Al-assisted writing. In these programs, teachers can be shown methods and techniques on how to improve
students’ critical thinking skills. In addition, necessary arrangements can be made to eliminate the technological infrastructure dif-
ferences between schools and to ensure that all students have equal access to artificial intelligence technology. Additionally, education
policymakers should consider developing practical implementation frameworks to address the equity challenges in Al tool deployment
across different institutional settings. These frameworks should account for the varying levels of Al literacy among teachers, students,
and institutions, ensuring that schools with limited technological resources or expertise are not left behind. We recommend a three-
tiered approach: (1) assessment of institutional Al readiness, including infrastructure, teacher competencies, and student familiarity
with Al tools; (2) differentiated professional development pathways for educators based on their current Al literacy levels; and (3)
context-sensitive implementation guidelines that consider the cultural, socioeconomic, and geographical factors affecting Al inte-
gration. Such frameworks would help to identify potential barriers to equitable Al implementation and provide strategies to overcome
them, ensuring that all students, regardless of their institutional context, can benefit from Al-assisted writing instruction while
developing critical thinking skills. Researchers can develop common measurement tools to assess students’ critical thinking skills in the
process of Al-assisted writing. Studies examining preschool and primary school students’ Al-assisted writing processes and the
development of their critical thinking skills can be increased. Research can be conducted to provide a deeper understanding of how
students think and make decisions while writing. There is also a need for research that tracks how students develop in the long term. It
is also important to report participant characteristics in a more comprehensive and detailed manner in future studies. Factors that may
affect students’ interactions with AI and their critical thinking processes (such as digital literacy levels, technology experiences,
cognitive development levels, socioeconomic status, language proficiency, and academic achievement levels) should be systematically
examined and reported. Researchers can design studies comparing groups of students with different characteristics to examine the
impact of demographic variables on Al-supported writing processes. Research that compares the Al-supported writing experiences of
students in different socioeconomic and cultural contexts will be valuable for understanding the impact of digital inequalities and
developing solutions. Another important research area is the development of standardized assessment tools to examine the impact of
students’ Al literacy levels on the development of critical thinking and argumentation skills.

6. Conclusion

This study, in which we examined the relationship between Al-assisted writing processes and critical thinking skills of K-12 stu-
dents, reveals important results. Students utilize Al tools not merely for copy-pasting, but as supportive elements for developing their
thoughts. In this respect, it is noteworthy that students create new texts by questioning these outputs and blending them with their own
ideas instead of accepting artificial intelligence outputs as they are. Our research has shown that students manage their own writing
processes more consciously. Students were more careful in revising their texts and were more attentive to evidence-based writing. In
this way, students’ thinking skills as well as their writing skills improve. Students’ ethical awareness of technology use is also one of the
important results of our study. Students are sensitive about originality, academic honesty and creativity. Another noteworthy result is
that students think more systematically in complex writing tasks. Properly guided students can solve the problems they encounter in
the writing process more effectively and produce more qualified texts. In addition, we found that students’ self-confidence increased
during the Al-assisted writing process. Al-assisted writing experiences reduce students’ writing anxiety and make them more
enthusiastic about writing.

The originality and contribution of this systematic review to the literature lies in its holistic approach to the complex relationship
between Al-assisted writing and critical literacy at the K-12 level. While studies on Al and writing skills generally focus on the uni-
versity level, our study is one of the first systematic analyses to comprehensively examine school-age children’s interactions with these
technologies. The five main themes we identified (critical content production and evaluation, metacognitive skills and self-regulation,
ethical thinking and evaluation, analytical thinking and problem solving, motivation, and self-efficacy) provide a unique framework
that reveals how Al is integrated with the development of 21st century skills. One of the most important contributions of our study is
the empirical evidence that Al technologies can serve as active agents for K-12 students to develop critical thinking skills, rather than a
passive auxiliary tool. Our findings offer an innovative perspective to educators and policymakers by emphasizing the importance of
critical pedagogy in integrating Al tools into the classroom environment. This understanding is important for reshaping educational
paradigms in the digital age and educating students as producers and critical consumers. Our research reveals that when supported
with the right pedagogical approaches, Al-supported learning environments not only improve K-12 students’ writing skills but also
strengthen their higher-order cognitive skills, such as critical thinking, ethical reasoning, and self-regulation. These findings emphasize
the importance of effectively utilizing the potential of these technologies to develop critical literacy skills, rather than banning artificial
intelligence technologies in educational systems in the digital transformation process.
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