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Abstract

To gain a more comprehensive idea of computational thinking (CT) integration into English as a foreign
language (EFL) writing, there is an urgent need to systematically review and synthesize the growing
number of recent studies in this area. To address this gap, this study reviewed 11 empirical studies
published between 2016 and 2025. The purpose of this review is to examine and present empirical
evidence on the features, trends, and challenges that educators face in incorporating CT into EFL writing
lessons. Using a hybrid thematic analysis—constant comparative method across two databases, the study
identified two EFL focus areas: academic writing and creative writing. It also analyzed the distribution
of CT skills and cognitive-load levels. The findings show that CT integration has a consistent, favorable
impact on learner outcomes. A gap analysis finds low teacher participation and four major barriers:
knowledge gaps, time constraints, insufficient professional development, and ingrained views. The
article concludes with focused recommendations for policymakers, English educators, and further
study.
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Introduction

Computational thinking (CT), defined as a set of problem-solving methods involving thought
processes such as decomposition, pattern recognition, abstraction, and algorithmic design, began to
attract interest in education when Papert (1980) supported youngsters in developing procedural thinking
skills using the LOGO programming language. Yet, it received widespread academic attention after
Wing (2010) redefined it as a systematic and universally applicable thinking mode for developing
solutions to problems that humans or machines can apply. The new perspective has converted CT into
an effective multidisciplinary learning tool, which allows students to engage in one or more of the 19
cognitive and procedural strategies (Hsu et al., 2018) in learning, knowledge creation, and real-world
problem-solving activities. Recognizing the huge benefits it offers, CT has been infused into K—12 and
higher education curricula across the world (Liu et al., 2024). At first, only computer science and STEM
disciplines adopted CT because of their close epistemological proximity (Li et al., 2024). However,
over time, CT's relevance to the learning process in the social sciences (Manfra et al., 2022), and
humanities (Christensen, 2023), including English education (Jacob et al., 2018; Mensing et al., 2013;
Yu et al., 2024) has become more widely acknowledged due to its transdisciplinary nature and
reconceptualization as a universally applicable thinking skill.

Various studies on English as a foreign language (EFL) have reported that main CT skills, such as
abstraction, algorithms, generalization, debugging, and evaluation, can effectively scaffold language
proficiency. CT infusion into EFL classrooms enhanced reading comprehension and vocabulary
acquisition (Sabitzer et al., 2018), improved grammar knowledge and use (Youjun & Xiaomei, 2022),
and lessened language anxiety (Hsu & Liang, 2021). CT integration can effectively help students
advance EFL higher-order thinking and writing skills (Wu et al., 2024). Fu & Relyea (2024) found that
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the development of decomposition and abstraction skills through mind mapping use helped students'

ideas and story structure visualization, which eventually enhanced their writing fluency and coherence.

CT is a cognitively demanding process because it is abstract and has many levels. Thus, when
designing and incorporating CT into learning, educators and instructional designers must consider
cognitive load—the mental work needed to absorb information. There are three levels of cognitive load
for CT skills: high, medium, and low. High load CT skills include algorithm design, abstraction,
debugging, and evaluation, all of which need iterative reasoning and schema construction (Shin et al.,
2025). Moderate load CT skills include decomposition and pattern recognition (Krell et al., 2022). They
require constant attention but could be effectively managed through the implementation of proper
educational design. Low load CT skills include procedural CT strategies, such as sequencing and basic
data analysis (Bakar et al., 2019). According to Liu et al. (2024), avoiding a disproportionate cognitive
load during CT-EFL learning integration improves knowledge construction and comprehension by
allowing learners to manage complex concepts without feeling overburdened. Educators are
recommended to use visual aids, bilingual scaffolding, chunking work, and student-friendly protocols
in CT integration to avoid excessive cognitive load.

CT integration into EFL instruction can be implemented using three modalities: plugged,
unplugged, and hybrid. Plugged approaches depend on digital technologies, such as digital games,
coding platforms, instructional robots, and interactive simulations (Durak, 2020; Parsazadeh et al.,
2020). Unplugged approaches promote CT using physical or conceptual tasks, such as diagrams, idea
maps, puzzles, and board games (e.g., Howell et al., 2011; Sabitzer et al., 2018). Hybrid approaches
scaffold CT development by combining digital and tangible strategies (Hsu & Liang, 2021).

In contrast to CT-STEM integration that has reached a level of pedagogical maturity (Hsu et al.,
2018; Tariq et al., 2024), CT-EFL writing course integration pedagogy is still disorganized and
experimental (Parekh & Sadaria, 2024). Despite the increasing interest and growing number of recent
studies on CT-EFL writing integration, no review has been conducted in this area, causing the ideas for
optimizing CT to support EFL writing instructions unclear.

This gap is essential to address to get a more comprehensive understanding of CT-EFL writing
integration, which is necessary to guide curriculum innovation, teacher development, and future
research. The present systematic literature review (SLR) examines recent empirical studies. The
following research questions guide the review:

RQ1: What educational contexts integrate CT into EFL writing courses?

RQ2: What pedagogical approaches are employed in CT-EFL writing integration?

RQ3: What CT skills are most frequently integrated into EFL writing instructions across the studies?
RQ4: What challenges and opportunities do educators face in CT-EFL writing integration?

Research Methodology

Review Framework

This study applies the PRISMA-P (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Protocols) guidelines for ensuring rigor and transparency in protocol development and
reporting (Shamseer et al., 2015). The protocol includes two stages (Vazquez-Parra et al., 2022): (1)
planning, in which the objectives are established, and research questions that guide literature
identification and analysis are formulated; and (2) action, in which the systematic search, screening,
eligibility assessment, and final inclusion of studies are executed.

Database Selection

Since CT-EFL writing instruction infusion is a relatively new practice, to obtain a comprehensive
coverage of CT-EFL writing integration research, I selected two complementary databases, i.e., Google
Scholar (GS) and ERIC. The selection of GS was based on its wide-ranging indexing of academic
publications and provision of early access to emerging pedagogical studies. ERIC was chosen to
complement GS because it focuses on indexing peer-reviewed educational research, assuring high-
quality empirical studies.
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Inclusion and exclusion criteria
To help determine a study’s eligibility, the inclusion and exclusion criteria were formulated, guided
by two questions: Is the study relevant to the review’s purpose? Is it acceptable for review? Table 1
presents the criteria.
Table 1. Inclusion and Exclusion Criteria

Inclusion Exclusion

Empirical CT-EFL writing integration studies Review/synthesis articles

ELT studies in EFL settings ELT studies in non-EFL settings
Published in 2016 to 2025 Pre-2016 publications
Published in refereed journals/proceedings Non-journal/proceeding articles
Published in English Published in non-English

This review includes only empirical studies because they are evidence-based, presenting
methodological clarity and analytical precision. The year 2016 was taken as the lower bound this review
encapsulates that empirical research on CT-EFL writing integration began to accelerate after 2015, and
the decade from 2016 to 2025 encompasses key milestones in CT-EFL writing scholarship due to the
emergence of CT-TPACK (Technological Pedagogical Content Knowledge) frameworks that explicitly
integrate CT principles with language pedagogy.

Search and Screening Procedure

To obtain relevant scientific documents, this review applied the PRISMA analysis method (Page
et al., 2021) in five steps. As Figure 1 illustrates, the retrieval began by searching GS employing
“computational thinking” “EFL” AND “writing skills” as the search terms with 2016-2025 as the
timeframe on August 15, 2025, yielding 814 records. Importing them in RIS format to Zotero, 346
duplication and 391 non-journal articles or conference proceedings were removed. To ensure they were
research articles, the remaining 77 records were screened based on title and keywords, yielding 41
documents and saved them in Mendeley.

Identification of studies via databases and registers

i Records from GS removed before
Records identified from: screening:
Google Scholar (n= 814) Duplicates removed using Zotero (n=346);
ERIC (n= 345) > Ineligible records (n-=391); Records from
) - ERIC removed using Zotero before
Registers (n = 1.159) screening: (n= 324)
_J v
() | Records screened (n =98), mergedin - |___,, Records excluded/duplicates (n = 63)
Mendeley
v
Reports sought for retrieval (n = 35) 2R)eports not retrieved/missing full texts (n =
v
Reports assessed for eligibility (n = Ilflf)i?ztrigi(r(i:g?igs:earch (n=6)
33 .
— ) Non-CT Integration (n =15)
PR v Not refereed (n = 1)

Studies included in review (n=11)

Figure 1. PRISMA 2020 Flow Diagram of Study Selection



Parlingungan Pardede Infusion of Computational Thinking into EFL
Writing Courses: A Systematic Literature
Review

The second search was conducted in ERIC, using Boolean logic "computational thinking" "EFL"
AND "writing" search terms, “peer reviewed only” category, “since 2016 for publication date, and
“writing skills” descriptor, yielding 345 initial records. Screening them using the same procedure for
the records obtained from GS, 21 records were obtained and combined with the 77 records obtained
from GS in Mendeley. After deleting 63 duplicates, I retrieved the 35 records but found two of them
irretrievable. The remaining 33 documents were rescreened individually by reading their titles and
abstracts and evaluating their details to decide their eligibility according to the inclusion and exclusion
criteria. The results provided 11 studies to include in the review.

Data Analysis

To analyze the data, this review employed a combination of thematic analysis (TA) and the
constant comparative method (CCM) to encapsulate both the depth of concept and clarity of themes.
TA was administered in the initial code creation and their organization into nominee themes. The
process follows Braun and Clarke's (2021) six-phase procedure, including familiarization, preliminary
coding, topic development, review and refinement, theme definition and naming, and visualization.
CCM was used to compare codes and themes amongst the studies, regional contexts, and CT modalities.
Three processes were involved: (1) comparing theme frequencies and contextual subtleties across
studies; (2) refining categories iteratively by combining, dividing, or renaming themes based on
additional examples; and (3) creating comparative matrices (e.g., educational level vs. CT modality).
Since CCM allows probable inference and synthesis of theoretical frameworks (Sun et al., 2025), its
integration with the interpretive rigor of TA enabled the identification of recurrent pedagogical patterns
while permitting cross-contextual comparison and iterative refinement.

Findings and Discussion
Findings

Educational Contexts

Figure 2 shows that higher education (HE) dominates CT-EFL writing course integration (73%),
which situates it as a center for pedagogical innovation. Secondary school (SS) represents 18%, which
suggests structural or curricular issues. Primary school (PS) was included only in 9%, which probably
reflects the global trends to expose CT as early as possible.

Secondary
School
18%
Primary School
9%
Higher Edu
73%

Figure 2. CT-EFL Writing Course Integration Educational Contexts

Pedagogical Approaches

As shown in Table 2, the CT-EFL a majority (82%) of writing instructions in higher education
(HE) and secondary schools (SS) was dominated by the unplugged methods. The plugged approach was
employed by the single study in primary school (PS) and one study in HE. No hybrid method was used
in the selected studies.
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Table 2. Pedagogical Approaches in CT-EFL Writing Integration
CT Approach Primary School Secondary Higher Education  Total

(PS) School (SS) (HE)
Plugged 1 0 1 2
Unplugged 0 2 7 9
Hybrid 0 0 0 0

CT SKkills Distribution

Table 3 portrays the distribution of CT skills by writing genres and cognitive load. It illustrates
how CT-infused writing tasks—both academic and creative—continually enact high cognitive load, due
to the use of recursive abstraction, algorithmic structuring, and evaluative reasoning. Shin et al. (2025)
reported that tasks involving debugging and algorithm design significantly increased cognitive load in
collaborative programming, a pattern that echoed in EFL writing contexts. While writing, EFL learners
should construct coherent arguments, direct genre conventions, and engage in iterative revision, which
demands sustained cognitive effort.

Table 3. CT Skills Distribution by EFL Writing Genre and Cognitive Load

‘é/::ltll'lelsg Dominant CT Skills Pedagogical Implications CeOIgJ:::(;V
Academic  Abstraction, algorithm design, CT scaffolds idea generation, High
Writing decomposition, debugging, evaluation, argument development, paragraph High

generalization. constructing, coherence enhancement,
and cycles of peer-review.
Creative Abstraction, logical reasoning, pattern CT scaffolds information selection, High
Writing recognition, debugging, algorithm analysis of structure, genre
design, decomposition exploration, and multimodal writing.

EFL Educators’ Challenges and Opportunities in CT-EFL Writing Integration

The voices of educators in CT integration into writing classes in EFL settings are still
underrepresented, despite the rising enthusiasm the practice. Only three of the 11 analyzed studies
directly engaged classroom teachers (Table 4), indicating a significant knowledge gap on the real-world
obstacles and favorable circumstances for CT-EFL writing integration. A synthesis of these situations
not only highlights strategic potential for durable implementation but also reveals four interconnected
barriers: knowledge gaps, time restrictions, poor professional development (PD), and nascent attitudes.

Table 4. The Challenges and Opportunities Educators Face in CT-EFL Integration

Studies Challenges Opportunities
Dijaya et al. Instructors feel underprepared in CT Use collaborative lesson-planning sessions;
(2017) pedagogies and report insufficient time embed CT tasks within existing syllabus
to plan and deliver CT-infused lessons. structures to reduce extra workload.
Bayraktar & Pre-service teachers initially unaware of ~ Use iterative, scaffolded workshops during
Gulbahar CT skills, requiring foundational training teacher education to foster CT fluency;
(2022) before classroom application. encourage peer-led demonstration lessons.
Parsazadeh et Lack of knowledge and confidence in Pair language instructors with CT-specialist
al. (2020) designing CT activities for EFL mentors; create micro-credentialing pathways
contexts. in CT-EFL integration.
Discussion

The predominance of CT incorporation into EFL writing instruction in HE settings might be due
to two reasons. First, while writing plays a significant role in learning all other subjects, enhancing
critical thinking, and fostering effective communication and research abilities, it remains the most
difficult ability to master by EFL learners. Thus, the researchers expected CT integration could meet

5
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the challenge. Second, in HE, the instructors have autonomy, and the students are ready for abstract
reasoning necessitated in the integration of an advanced pedagogical tool such as CT. In this review,
Suciati et al.'s (2023) research is a pilot study, and some other studies were conducted on the
researchers’ initiative. These reiterate the assertion that CT integration in humanities remains
fragmented and experimental (Parekh & Sadaria, 2024). To move beyond pilot efforts, CT should be
infused into core EFL writing curricula, supported by scalable models, instructors’ development, and
institutional backing.

The results indicate the SS students’ cognitive readiness for CT integration. Murti et al. (2023)
and Peng et al. (2023) revealed that CT concepts promoted students’ English writing organization and
structure, increased their writing motivation, and reduced their writing anxiety. The students also had
more positive perceptions of their writing course. Yet, the practice is implemented only when it is
explicitly mandated (Li et al., 2024). Furthermore, it calls for clear, interesting, and well-supported
instruction. Weng et al. (2018) accentuate the importance of designing instructions that correspond to
students' prior knowledge as essential.

CT integration into PS's EFL writing course reflects the worldwide trend’s early introduction of
CT to young learners. In this context, Parsazadeh et al. (2020) reported that Scratch can be used to
promote digital fluency and CT habits among young learners, which will eventually enhance their
learning outcomes. This confirms research findings that the use of different digital tools like Alice
(Durak, 2020) and educational robots (Hsu & Liang, 2021; Hsu et al., 2022) can align well with the
developmental stage of young learners' logical reasoning, algorithmic thinking, and systematic problem
solving.

The dominance of the unplugged techniques in HE and SS indicates that what makes CT
integration into EFL writing important is its use as an educational and cognitive strategy rather than the
use of technology as a writing tool. This trend is triggered by two main factors. First, metacognition
and interdisciplinary integration have been extensively implemented in writing courses (Hsu et al.,
2022). Metacognitive focus supports learners to activate their prior knowledge; practice and implement
new strategies for the writing process, and reflect on their strengths and challenges while writing,
Interdisciplinary incorporation motivates learners to blend information from several sources and
disciplines and empowers them to handle real-world problems innovatively. Second, faculty-led
innovation is promoted based on interpretive or constructivist paradigms that prioritize meaning-
making, reflection, and learner agency (e.g., Weng et al., 2018).

Interpretivism is the most frequent pedagogical approach used by language educators. Unplugged
CT integration into EFL writing instruction can support interpretivism in three ways. First, through
debating and analogical thinking activities, it promotes decomposition, pattern recognition, and
conceptual reasoning skills. Second, it develops student agency through exercises in algorithmic
narrative, logic-based grammar, and CT-infused reading practices. Third, unplugged CT integration
enables adaptability to disciplinary contexts such as literary analysis and writing. Bayraktar and
Gulbahar’s (2022) study on CT integration into poetry writing through peer reflection and project work
demonstrates that unplugged CT fosters the development of thinking habits that are deeply embedded
in analysis, interpretation, and expression, which makes it a good choice for HE settings.

Most EFL educators have possessed general digital literacy. Yet, only a small percentage of them
demonstrate the pedagogical ability for translating CT principles into writing assignments. For example,
the teachers in the study of Parsazadeh et al. (2020) did not have the confidence and expertise required
to design CT learning activities. This highlights the high need for curricula that clearly chart necessary
CT constructs onto communicative activities that facilitate teachers applying computational frameworks
to support the learning objectives. Such curriculum availability becomes more urgent because current
personal development (PD) models have not sufficiently prepared teachers for CT-EFL integration due
to time restrictions and conflicting obligations (Dijaya et al., 2017). The conventional PD often
prioritizes technical expertise over pedagogical application. Parsazadeh et al. (2020) also noted that
although teachers manage to possess software skills after accomplishing such sessions, they lack the
strategies necessary to encourage students' reflection, collaboration, or language growth through CT.
Consequently, it is critical to create PD models that are more effective. Bayraktar and Gulbahar (2022)
found that pre-service teachers without prior experience with CT might become confident advocates
after joining just one semester of contextualized, hands-on training. Additionally, in the STEM
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education contexts, Liu et al. (2024) highlighted that teachers’ CT integration skills can be best

developed through a consistent, practice-oriented PD.

Conclusion and Suggestion

Based on the findings, CT-EFL writing integration reveals a positive influence on students'
learning outcomes. However, although integrating high-load CT skills such as abstraction, algorithm
design, and debugging with writing activities may seem straightforward, appropriate support is required
to ensure accessibility. Although teachers' perspectives are limited in this study, they highlight persistent
challenges in terms of knowledge, time, professional development, and beliefs. Therefore, addressing
these gaps by providing sustainable, classroom-ready CT-EFL models that prioritize both learner gains
and educator experiences is crucial.

This SLR provides a distinct contribution by synthesizing evidence on CT-EFL writing integration,
underlining pedagogical benefits for learners and the practical challenges teachers encountered, which
offers a balanced foundation for CT-EFL practice development. Grounded on the contribution, the
following recommendations are proposed. Policy makers need to create frameworks that include CT
ideas in EFL writing courses and afford funding for continuing PD programs that specifically combine
CT theory with co-planning workshops and coaching cycles. English teachers should include CT task
integration into existing lesson plans and participate in professional learning communities to
collaboratively create CT-EFL integrated writing units, exchange rubrics, and conduct peer demos.
Further study is needed to carry out longitudinal studies monitoring teacher adoption, attitude
transformation, and CT-EFL integrated writing classroom sustainability, extend qualitative inquiry into
educators’ experiences, and examine CT-EFL writing integration in a variety of educational settings
and across proficiency levels to increase generalizability.
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