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Abstract: Computational thinking (CT) skills are now a key part of everyday life and work, and
CT has been incorporated into K-12 curricula worldwide. Combining the fundamental concepts
of CT with English writing constitutes an innovative and sustainable learning strategy. However,
few academic studies have examined the incorporation of CT into English writing. English writing
frequently generates excessive stress and anxiety among students, yet motivation can mitigate the
negative effect of anxiety. This study investigated the effects of the fundamental concepts of CT on
reducing writing anxiety and increasing motivation toward English writing. A quasi-experimental
design was applied, and data were collected from experimental and control groups through writing
anxiety and motivation questionnaires. The results indicated that the fundamental concepts of
CT exerted a more significant influence on the dimensions of writing anxiety and motivation than
did a conventional learning method. In conclusion, the fundamental concepts of CT promoted
organized and structured English writing, increased students” writing motivation, and reduced their
writing anxiety.

Keywords: computational thinking; innovative teaching and learning method; writing; anxiety;
motivation

1. Introduction

Writing—one of the four core language abilities in addition to listening, speaking, and
reading—is essential for academic success, serving as a crucial medium through which
students can express their thoughts and opinions [1]. In language learning, writing assists
learners with learning, communicating their ideas, and persuading others. As a productive
skill, writing requires that students engage in a purposeful, creative, and complex cognitive
process [2]. Students must comprehensively understand the English language, includ-
ing such aspects as vocabulary, grammar, sentence structure, text organization, rational
thinking, and arguments [3]. In the last two decades, English writing skills have drawn
increasing academic interest, with researchers employing a variety of learning strategies
to promote English writing skills among students [4]. To mitigate English as a foreign
language (EFL) writing difficulties, teachers can employ sustainable teaching strategies
that strengthen students” writing cognition and sustain their learning motivation in order
to reduce their fear of English writing.

Computational thinking (CT) has been extensively integrated into the K-12 educa-
tional curriculum to establish a foundation for strong student performance and global
sustainability in line with the Sustainable Development Goals for quality education [5,6].
Incorporating real-world applications and more hands-on project-based learning activities
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into the curriculum, and increasing technology use in the classroom can help K-12 students
better understand the material and how it applies to their lives. Computational thinking is a
problem-solving strategy applicable across the K-12 curriculum and growing in importance
in the 21st century. Integrating technology into the traditional base and elective areas of
study can assist students in making crucial cross-curricular relations, thereby enhancing
their academic performance and developing essential skills for problem-solving in the
wide range of careers in which they will engage in the future [7]. Additionally, researchers
have proposed that an innovative and sustainable teaching strategy could be developed
by combining the fundamental concepts of CT with English language learning [4,8,9].
The authors of [10] first introduced CT as a fundamental skill alongside reading, writing,
and arithmetic. CT begins with problem identification and solution development, which
involve decomposition, abstraction, pattern recognition, algorithm, generalization, and
evaluation [8,11]. Following the characterization of CT as a fundamental skill proposed
by [10], CT has also been proposed as a conceptual model that can foster English writing
skills and support the comprehension of text, acquisition of vocabulary, and visualization
of grammar rules [9,12]. CT constitutes a novel form of writing instruction that employs
the basic principles of computer science. Researchers have asserted that incorporating
CT into English teaching could improve students’ writing by guiding them through a
sequential process of identifying problems, organizing and representing information, and
improving sentence structure in order to boost their motivation [4,9,13-15]. Additionally,
understudied is the integration of the fundamental concepts of CT in K-12 as a medium for
teaching problem-solving [16,17]. CT is an innovative approach that is vital for students
in the 21st century to possess, which resolves real-world challenges in an effective and
efficient manner, including problem-solving, critical thinking, and creativity [18].

The fear of making mistakes, embarrassing oneself, or not being able to express
one’s ideas leads to excessive stress and self-consciousness among EFL students, often
manifesting as anxiety [19-21]. Anxiety can pervade every aspect of a person’s life, includ-
ing their writing ability, as a naturally occurring phenomenon. Many students perceive
English writing to be difficult, and thus, are anxious about being asked to write in En-
glish [2,22]. Multiple studies have focused on the connection between writing and anxiety
in EFL [3,23,24]. Maintaining interest in learning English might be challenging for students
if they are only occasionally exposed to the language in a classroom setting [23]. However,
researchers have argued that motivation can counter the negative effect of anxiety [24-26].
Writing anxiety can cause students to feel overwhelmed, frustrated, and discouraged, and
thus, can lead to a lack of motivation to write. Additionally, students who experience
writing anxiety may be less likely to take risks and be creative in their writing, and thus,
may have further reduced motivation. By contrast, students who are motivated to write
may be more likely to take risks and be creative, which can assist them in overcoming
their writing anxiety. The authors of [27] stated that motivation could increase students’
efforts to improve their writing skills. Therefore, teachers must establish a supportive
classroom atmosphere where students do not fear making mistakes and may freely express
themselves; such an atmosphere can help to reduce students’ writing anxiety and increase
their motivation to write.

Some studies have investigated the affective factors of language learning and have
revealed that anxiety and motivation play a key role in EFL writing performance [23,24].
In addition, researchers have reported that using CT can improve students’ motivation
to learn [4,14,15]. Writing motivation and anxiety affect the success of foreign language
learning; anxiety can have an unfavorable effect that can be countered by motivation.
This study explored whether improvements to teaching strategies can influence students’
motivation and writing anxiety. CT can reduce English writing anxiety by guiding students
to break down tasks into manageable steps so that the entire process is perceived to be
less daunting. Additionally, understanding how to use the fundamental concepts of CT
can assist students in organizing their thoughts before writing, thereby increasing the
efficiency and effectiveness of the overall process. However, few studies have investigated
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the combination of CT and language learning [8,12,28,29], and fewer still have applied CT
to English writing [4,30]. Thus, this study addressed this research gap by developing an
innovative teaching strategy for K-12 English writing derived from the conceptual model
of CT. In addition, this study examined the impact of the fundamental concepts of CT as a
learning strategy in relation to students” anxiety and motivation in order to address the
following research questions:

a.  Does incorporating the fundamental concepts of CT into English writing classes
reduce students’ anxiety toward English writing more effectively than a conventional
teaching method?

b.  Does incorporating the fundamental concepts of CT into English writing classes
affect students” motivation toward English writing more heavily than a conventional
teaching method?

2. Literature Review
2.1. Integrating the Fundamental Concepts of CT into an English Writing Course

CT begins with the learner being confronted by problems and subsequently engag-
ing in solution development, which involves decomposition, generalization, abstraction,
algorithm, and evaluation. The authors of [31] described CT as a basic skill for student
problem-solving, indicating that to formulate a solution to a problem, the student must
precisely comprehend the nature of the problem. The fundamental concepts of CT involve
decomposition, pattern recognition, algorithm, abstraction, and evaluation [8,12,32]. These
concepts include segmenting a complex problem into smaller, more manageable subprob-
lems (decomposition), recognizing the pattern underlying these subproblems (pattern
recognition), employing a series of steps to solve these subproblems (algorithm), analyz-
ing how the solution may transfer to similar situations (abstraction), and making sound
judgments regarding the various solutions (evaluation) [8,12].

Taiwanese high school students are typically novice English writers because they are
seldom required to do English writing [2,20]. Writing is a difficult task. A skilled writer
must learn and master lexical knowledge for text composition, whereas inexperienced
writers demonstrate poor planning behaviors and have narrow conceptions of what writing
involves. Researchers have explored the causes of students’ difficulties in mastering English
writing [3,33,34]. Students often do not know which words or phrases to use and have
difficulty determining whether the words chosen are accurate [35]. Before and during
essay writing, students frequently review small sections of their writing material, yet their
initial draft typically becomes the final version [34]. In addition, the majority of students
struggle with outlining and organizing their ideas before starting the writing process [2].
Furthermore, students who lack experience in developing ideas, structure, organization,
and mechanics make frequent grammatical and typographical mistakes. Among the
various strategies proposed to improve students” writing skills, the fundamental concepts
of CT were introduced to teach writing as a problem-solving process that emphasizes idea
organization, advanced writing competence, and student-to-student interaction.

CT is considered an essential ability in the 21st century, and an increasing number
of countries are incorporating CT into classroom teaching [5,36]. However, the use of the
fundamental concepts of CT to teach disciplines other than programming has seldom been
studied [12]. Studies have verified that CT can enhance language abilities by providing
a systematic problem-solving method for English writing [4,37,38]. Incorporating the
fundamental concepts of CT can assist students in writing methodically and mastering
writing mechanics by prompting students to identify various sentence structures through
the linguistic analysis of sentences [8]. In addition, this approach can assist in identifying
areas where additional guidance may be required, such as grammar and spelling.

In English writing, CT is used to guide students in developing their writing skills by
providing them with the skills to analyze writing tasks, explore writing styles, and practice
writing in multiple contexts [12,39]. Decomposition is often used in writing to break down
complex ideas into more manageable parts, enabling students to effectively synthesize
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their thoughts and create coherent writing pieces expressing their opinions. According
to [40], brainstorming is a useful technique for decomposing ideas and creating detailed
outlines of the key points in sentences. The authors of [41] asserted that brainstorming
activities among students could consolidate related background information about a topic.
Pattern recognition is a key skill through which students identify patterns in decomposed
ideas. After identifying a pattern, students can concentrate on the verbs and predicates
in all the sentences involved. According to [39], students learn to recognize grammatical
patterns and use them to construct clear and concise sentences. In addition, they learn
to recognize sentence structure patterns and use them to create a logical flow of ideas.
Abstraction implies generalizing and applying the same problem-solving method to similar
situations [42]. In English writing, students can utilize their existing knowledge of nouns,
pronouns, adjectives, verbs, adverbs, articles, prepositions, conjunctions, and interjections
to write complete sentences. However, although students may spend considerable time
decomposing ideas, recognizing patterns, and applying abstraction, they may still need
clarification about how to arrange their ideas coherently. Algorithm or algorithmic thinking
involves using a sequence of step-by-step instructions to compose phrases; this series of
instructions can later be applied to perform similar tasks [42]. Finally, to evaluate the
correctness of their written sentences, students are encouraged to analyze and evaluate
one another’s work. Peer evaluation among students can encourage collaboration and
creativity in developing the optimal solution to a problem.

2.2. Writing Anxiety and Motivation

Writing apprehension is a distinct type of anxiety experienced during the English
writing process that must be addressed by EFL teachers [21,22]. Writing anxiety refers to an
inner propensity for anxiousness that interferes with a person’s ability to complete required
writing tasks that they are cognitively capable of completing [43]. The authors of [21]
used the term “writing anxiety” to characterize an inherent fear of the writing process that
interferes with an individual’s ability to work on a writing task and reduces the expected
gain of writing. Writing anxiety has physiological and cognitive effects on writing processes
and behaviors [3,23]. The authors of [22] identified cognitive anxiety, somatic anxiety, and
avoidance behavior as the three components of writing anxiety. Cognitive anxiety refers to
the fear of being negatively evaluated, somatic anxiety can be defined as the physiological
manifestation of anxiety, and avoidance behavior generally manifests in students as the
avoidance of writing tasks.

Empirical studies of English writing anxiety have revealed the following causes of
writing anxiety: (1) Negative feedback from teachers and peers; (2) Inadequate writing skills
that prevent the articulation of thoughts in writing; (3) Deficiencies in technical instruction
for students” writing; and (4) Time constraints for drafting and revising texts [3,44,45].

Students who experience a high level of writing anxiety typically lack motivation,
hold unfavorable attitudes toward writing assignments, generate low-quality content, have
negative perceptions about their writing ability, and are relatively likely to avoid situations
where writing is required [2,20,24,25,46]. According to [47], highly apprehensive individ-
uals avoid writing because they fear negative evaluation; if they are required to write,
they experience strong feelings of anxiety. The most anxiety-provoking factors in writing
include but are not limited to selecting a writing topic, generating additional thoughts,
working under time constraints, and receiving insufficient valuable feedback. Writing-
process-specific steps—such as grammar use, brainstorming, and idea organization—can
also cause anxiety [40].

The authors of [45] discovered that modifications to teachers’ teaching approaches,
such as using process-based teaching methods, might reduce students” writing anxiety.
In addition, educational researchers have proposed novel strategies for integrating the
fundamental concepts of CT into classroom teaching activities to enhance students” mo-
tivation to learn [5]. Motivation reflects the successful implementation of pedagogical
strategies in the classroom. According to [48], motivation is a variable that is likely to
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change over time. Writing motivation is a construct composed of the dimensions of an
individual’s self-perception as a writer, belief in the value of writing, and attitude toward
writing [33]. The authors of [49] identified three indicators of writing motivation, which are
self-efficacy beliefs, mastery goals, and performance goals. Self-efficacy beliefs refer to the
beliefs in one’s competence, mastery goals emphasize personal growth and development,
and performance goals refer to the motivation to do better than everyone else’s.

Additionally, motivation is a key factor in determining foreign language anxiety [23,50].
Moreover, the authors of [26] argued that motivation could completely eliminate writing
anxiety and that teachers” encouraging assessment of students’ writing is the most crucial
factor in reducing second language writing anxiety.

In the previous section, the integration of fundamental concepts of CT into the English
writing course was outlined. It is important to recognize that the fundamental concepts of
CT might have an impact on writing anxiety and motivation. Breaking down a complex
problem into smaller subproblems can help alleviate feelings of being overwhelmed, while
recognizing patterns and developing algorithms can aid the development of the writing
assignments. Therefore, it is crucial for the teacher to be mindful of how these fundamental
concepts of CT can affect students” anxiety and motivation levels, and to provide support
and guidance to help students navigate these writing assignments.

2.3. The Hypotheses Development

Based on the related studies, classroom teaching and learning influence students’
writing anxiety and motivation [5,45,46]. The fundamental concept of CT encourages
students to solve problems analytically and systematically [8,12,36,51]. It has become
an important part of education, and by implementing the fundamental concept of CT
in English writing courses, it is expected that the students will feel more prepared and
motivated to tackle writing assignments. Therefore, this study seeks to examine the impact
of the fundamental concept of CT in relation to students” writing anxiety and motivation.
The following hypotheses are proposed:

Hypothesis 1: Incorporating the fundamental concepts of CT into English writing classes will be
more effective in reducing students’ (a) cognitive anxiety, (b) somatic anxiety, and (c) avoidance
behavior than a conventional teaching method.

Hypothesis 2: Incorporating the fundamental concepts of CT into English writing classes will have
a stronger positive effect on students’ (a) self-efficacy beliefs, (b) mastery goals, and (c) performance
goals than a conventional teaching method.

3. Methodology
3.1. Research Design

A quasi-experimental approach was employed in this study to investigate the effects
of CT on students” anxiety and motivation. Two instructional strategies served as the
independent variables of this study, namely teacher-led content-based instruction and
the fundamental concepts of CT in English writing. The factors of writing anxiety and
motivation were measured using 5-point Likert-scale questionnaires where the Second
Language Writing Anxiety Inventory (SLWAI) developed by [22] and the Writing Task
Motivation (WTM) tool developed by [49] were used for data collection. Quantitative data
were produced from the pretest and posttest data gathered through the self-assessment
questionnaires.

3.2. Participants

The participants of this study were 58 first-year high school students enrolled in
an English writing course. Demographically, the group was composed of 16 males and
13 females for the experimental group, and 14 males and 15 females for the control group,
with an average age of 16. The course was designed to assist K-12 students in developing
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their English writing abilities. For the quasi-experimental design, students in one class
were designated as the control group, and those in another class were designated as the
experimental group. The same assessment and course materials were assigned to both
classes, but different instructional strategies were employed for the experimental and
control groups. The students in the control group were taught English writing according
to standard teacher-centered training, whereas those in the experimental group were
taught English writing in accordance with the fundamental concepts of CT. These concepts
constitute a novel form of writing instruction. The same teacher with more than ten years of
teaching experience taught both classes. Before the experiment, the teacher and a professor
who had studied CT discussed the lesson plan for incorporating the fundamental concepts
of CT into English writing training.

3.3. Experimental Procedure

The experimental procedure was conducted for 9 weeks, with classroom instruction
provided in one 50 min session each week. The experimental procedure is illustrated in
Figure 1. As mentioned, a control and experimental group design was applied in this study.
The first and second weeks of the course for both groups involved prequestionnaire comple-
tion and course orientation, during which the teacher introduced the course objectives and
content as well as the rationale for cultivating English writing ability. From the third week
to the eighth week, one topic was assigned every two weeks for the writing activities of the
control and experimental groups. The assignments covered several topics, including recipe
instructions, hobbies, and Kaohsiung City. After the students had finished their writing
drafts, their writing was evaluated by their peers. The writing practice and the discussion
activities in the experimental group can be seen in Figure 2. The postquestionnaires, which
were the same as the prequestionnaires, were administered in the ninth week, directly after
the experimental treatment.

First year students
| |
Experimental Group Control Group
! |
1% week Pre-questionnaire: foreign language anxiety and writing motivation
| |
. Introduction to CT technique Introduction to conventional
2" week ; . s . e .
teaching method for English writing English writing teaching
3d_gth Writing practice Writing practice
week
Group feedback Group feedback
| |
9" week Post-questionnaire: foreign language anxiety and writing motivation

Figure 1. Experimental procedure.
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Figure 2. Students carried out writing and discussion activities.

The control group was instructed using conventional teacher-centered instruction,
where the teacher was the main source of control during the writing process. The activities
in the control group include the traditional lecture on grammar, traditional writing exercises
they need to complete, and peer review. The activities in the control group follow what
typically happens in a classroom setting.

The instruction of the experimental group was designed based on the fundamental
concepts of CT to improve the students” English writing anxiety and motivation through
their accomplishment of a series of writing tasks. The design was intended to engage
students in the learning process rather than focus on the learning product. The students
were expected to be able to: (1) Recognize and implement the appropriate steps in the
writing process; (2) Employ clauses and phrases to change sentence structures; (3) Develop
ideas and content with specific details; and (4) Adhere to grammatical rules.

The fundamental concepts of CT were divided into the following steps: (1) Decompo-
sition through brainstorming, where topics and ideas are broken down into smaller parts;
(2) Pattern recognition, where underlying patterns are identified through the visualization
of key points; (3) Abstraction, where sentences and paragraphs are composed using existing
knowledge; (4) Algorithm, where key ideas are elaborated on through additional explana-
tion and illustration; and (5) Evaluation, where writing is subjected to peer evaluation. The
experimental group’s training activities are detailed in Table 1.



Sustainability 2023, 15, 5855

8 of 16

Table 1. Experimental group teaching activities.

Fundamental Concepts of CT

Activities Timing

Decomposition

Pattern recognition

Abstraction

Algorithm

Evaluation

Without critiquing one another, students are encouraged to contribute ideas

simultaneously about how to complete the assigned tasks.

10 mi
- Break down the topic into small parts. min

- Generate ideas and key points about each part of a topic.
Students develop potential angles and points of view to explore.

- Identify the underlying structure of a sentence.
- Visually organize the key points.

- Connect ideas to support a broader argument.
- Explore the directions of the writing process.

- Focus on the forms of verbs and predicates.

10 min

Students utilize their existing knowledge of English.

- Employ related adverbs, conjunctions, pronouns, and propositions. 10 min
- Use related vocabulary.

Students explain the key points in an organized and structured manner by

providing evidence to support each key point.

- State the main idea of a sentence. 10 min
- Provide detailed support and examples.

- Explain the relationship between the key point and any illustrated examples.

Students are encouraged to evaluate other’s work.

- Offer positive and constructive feedback. 10 min
- Discuss how students can use this feedback to improve their work.

3.4. Measuring Instruments

This study adapted several self-assessment questionnaires, including those related
to EFL writing anxiety and motivation, to observe the effectiveness of the fundamental
concepts of CT in influencing writing anxiety and motivation. The questionnaires were
graded on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).

3.4.1. Writing Anxiety

The students” writing anxiety was measured using the SLWAI developed by [22].
The SLWALI is divided into three categories and consists of 22 items, namely eight items
for cognitive anxiety (negative expectation of performance; e.g., while writing English
compositions, I feel worried and uneasy if I know they will be evaluated), seven items
for somatic anxiety (negative physical feelings, such as anxiousness and tension; e.g., my
mind often goes blank when I start to work on an English composition), and seven items
for avoidance behavior (avoidance of writing tasks; e.g., I do my best to avoid situations
in which I have to write in English). Positively phrased items indicated the presence of
anxiousness, whereas negatively phrased items indicated contentment with writing; reverse
scoring was required before total scores could be calculated. A higher ratio indicated greater
English writing anxiety. Table 2 lists the scale reliabilities and validity of writing anxiety.
The Cronbach’s « reliability coefficients of the three components were between 0.702 to
0.749 in the pretest, and between 0.799 to 0.867 in the posttest. As shown in Table 2, the
validity test of the Pearson correlation shows that all subcomponents of writing anxiety had
strong correlations. Therefore, all three dimensions were reliable and valid for measuring
writing anxiety.
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Table 2. Writing anxiety and motivation scales’ reliability and validity.
Scal Cronbach’s Pearson Correlation
cale
Pretest Posttest Pretest Posttest
Cognitive anxiety 0.723 0.839 0.667 ** 0.919 **
Somatic anxiety 0.702 0.799 0.661 ** 0.776 **
Avoidance behavior 0.794 0.867 0.645 ** 0.852 **
Self-efficacy beliefs 0.701 0.882 0.569 ** 0.861 **
Mastery goals 0.805 0.864 0.803 ** 0.910 **
Performance goals 0.736 0.846 0.564 ** 0.772 **
=001

3.4.2. Writing Motivation

The WTM tool developed by [49] was employed to measure the students” writing
motivation before and after the course. Writing motivation was divided into three categories
for measurement, namely self-efficacy beliefs (ten items), mastery goals (four items), and
performance goals (five items). Self-efficacy beliefs refer to students’ ability to drive
themselves to complete tasks (e.g., I expect myself to write a good draft), mastery goals
refer to students’” motivation to acquire knowledge and skills (e.g., I want to learn as much
as possible from this course), and performance goals refer to students’ being extrinsically
motivated to outperform other students (e.g., I want to write a good draft, to show others
my skill). Table 2 lists the scale reliabilities and validity of writing motivation. The
Cronbach’s « coefficient of the three categories of writing motivation is well beyond the
0.7 acceptable level of reliability both in pretest and posttest. The Pearson correlation
results for the validity test in Table 2 show that all subcategories of writing motivation had
strong correlations. These results suggested that the questionnaire was a reliable and valid
measurement of writing motivation.

3.5. Data Analysis

The data gathered through the pretest and posttest questionnaires were analyzed
using SPSS 25.0 (Chicago, IL, USA). Descriptive analysis (normality, mean score, and
standard deviation) and an analysis of covariance (ANCOVA) were performed to assess the
differences in writing anxiety and motivation between the two groups. This study used an
ANCOVA to determine the influence of the fundamental concepts of CT on writing anxiety
and motivation in order to evaluate the effects of the treatment statistically.

The assumptions of the normality test were performed on the data before the statistical
tests. The writing anxiety subscales of cognitive anxiety (s = 0.974, p = 0.237), somatic
anxiety (s = 0.981, p = 0.508), and avoidance behavior (s = 0.965, p = 0.088) had normal
distributions. The writing motivation subscales of self-efficacy beliefs (s = 0.969, p = 0.136),
mastery goals (s = 0.987, p = 803), and performance goals (s = 971, p = 0.185) were also
normally distributed.

4. Results
4.1. Writing Anxiety

The descriptive and ANCOVA results of the writing anxiety categories are summarized
in Tables 3 and 4. The changes in the writing anxiety categories pretest and posttest are
visually presented in Figure 3. The descriptive results of the posttest revealed that the
students in the experimental group (M =22.9, SD = 4.01) had less cognitive anxiety than
their counterparts in the control group (M = 26.1, SD = 6.96). Furthermore, a statistically
significant difference in the cognitive anxiety posttest (F = 5.56, p < 0.05, 7> = 0.092) between
the two groups was noted after the pretest scores had been controlled for. This finding
suggested that the H1la hypothesis in this study can be supported.
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Table 3. Descriptive results of students” writing anxiety.

Control Group Experimental Group

Variable Pretest Posttest Pretest Posttest Mean Differences
M SD M SD M SD M SD

Cognitive anxiety 32.1 3.55 26.1 6.96 32.8 3.73 229 4.01 —-3.2

Somatic anxiety 30.6 3.35 24.5 5.69 31.0 2.76 20.8 2.97 -3.7

Avoidance behavior 30.2 2.81 26.0 5.04 30.5 2.23 21.7 6.32 —4.3

Cognitive Anxiety

.

pretest

Table 4. ANCOVA results of students’ writing anxiety.

Variable SS df Mean Square F p Partial 72
Cognitive anxiety 169 1 169.2 5.56 0.022 * 0.092
Somatic anxiety 207.3 1 207.3 10.006  0.003 * 0.154
Avoidance behavior 260.4 1 260.4 8.12 0.006 * 0.129

¥ <0.05.

Somatic Anxiety

¢ e 30
) \ -

Avoidance Behavior

posttest pretest posttest pretest posttest

——control ——experiment
Figure 3. The changes in writing anxiety subscales.

The descriptive results of the posttest revealed that the students in the control group
(M =245, SD = 5.69) had higher levels of somatic anxiety than those in the experimental
group (M =20.8, SD =2.97). The ANCOVA analysis verified that these changes in the stu-
dents’ somatic anxiety posttest were statistically significant (F = 10.006, p < 0.05, % = 0.154).
The results indicated that the H1b hypothesis could be supported.

Regarding the students” avoidance behavior, the posttest mean score indicated that the
experimental group (M =21.7, SD = 6.32) exhibited lower degrees of avoidance behavior
than the control group (M = 26.0, SD = 5.04). The ANCOVA results revealed a statistically
significant difference in avoidance behavior between the two groups after controlling the
pretest score (F = 8.12, p < 0.05, 4% = 0.129). This means that the H1c hypothesis of this
study is supported.

4.2. Writing Motivation

The results of the descriptive and ANCOVA analysis of the writing motivation cate-
gories were presented in Tables 5 and 6. Figure 4 illustrates the changes in the students’
writing motivation categories according to the pretest and posttest scores. For self-efficacy
beliefs, the posttest scores of the experimental group (M = 4.12, SD = 0.512) were higher
than those of the control group (M = 3.27, SD = 0.482). Furthermore, the analysis results indi-
cated a significant difference in the students’ self-efficacy beliefs posttest (F = 44.29, p < 0.05,
1> = 0.442) between the two groups after controlling the pretest. Therefore, supporting the
H2a hypothesis.



Sustainability 2023, 15, 5855

11 of 16

Table 5. Descriptive results of students” motivation.

Control Group Experimental Group

Variable Pretest Posttest Pretest Posttest Mean Differences
M SD M SD M SD M SD

Self-efficacy beliefs 3.02 0.475 3.27 0.482 3.01 0.486 4.12 0.521 0.85

Mastery goals 3.16 0.595 3.55 0.727 3.54 0.710 4.72 0.345 1.17

Performance goals 3.12 0.525 3.83 0.475 3.28 0.544 4.66 0.427 0.83

Table 6. ANCOVA of students’ motivation.

Variable SS df Mean Square F p Partial 72
Self-efficacy beliefs 10.47 1 10.468 44.29 0.001 * 0.446
Mastery goals 19.642 1 19.642 60.94 0.001 * 0.526
Performance goals 9.7543 1 9.7543 47129  0.001* 0.461
¥p<0.05.
Self-efficacy Beliefs Mastery Goal Performance Goal
. pretest posttest ’ pretest posttest - pretest posttest

——control ——experiment
Figure 4. The changes in motivation subscales.

Regarding mastery goals, the descriptive results indicated that the experimental group
(M =4.72, SD = 0.345) had higher posttest scores than did the control group (M = 3.55,
SD =0.727). Moreover, the ANCOVA results revealed a significant difference between the
two groups’ posttest, after controlling the pretest (F = 60.94, p < 0.05, 7> = 0.426). The results
indicated that the H2b hypothesis is supported.

Regarding performance goals, the descriptive results revealed that the control group
had lower posttest scores (M = 3.83, SD = 0.475) than the experimental group (M = 4.66,
SD = 0.427). The ANCOVA results revealed that these differences in the posttest were
statistically significant (F = 47.129, p < 0.05, 172 = 0.461). Therefore, the H2c hypothesis in
this study is supported.

5. Discussion and Implications

As mentioned, this study employed a quasi-experiment design to determine the
influence of the fundamental concepts of CT in reducing writing anxiety and increasing
writing motivation among EFL students.

5.1. Influence of the Fundamental Concepts of CT in Reducing Students” Writing Anxiety

This study’s first research question concerned the effectiveness of the fundamental
concepts of CT in reducing K-12 students” anxiety toward writing. The results of this study
revealed that the fundamental concepts of CT were able to reduce the students’ cognitive
anxiety, somatic anxiety, and avoidance behavior more than they did in a conventional
teaching method. Therefore, applying the fundamental concepts of CT to K-12 English
writing courses could increase the optimism of the students regarding their writing assign-
ments, which reduces the overall students” writing anxiety. This finding is in line with that
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of [4], which reported that incorporating the fundamental concepts of CT into language
instruction can reduce language learning anxiety. In addition, the significant reduction
in the experimental group’s writing anxiety provided evidence that CT is essential to
mitigating the negative effects of writing anxiety.

Incorporating the fundamental concepts of CT into English writing courses can reduce
students” writing anxiety. This could be due to the fact that decomposition enables students
to divide writing assignments into smaller steps that are perceived as more manageable.
This can help students foster a sense of control and accomplishment in their ability to
complete writing assignments, thereby reducing writing anxiety. Pattern recognition assists
students in recognizing grammatical, structural, and organizational patterns. Teaching
students how to recognize patterns through planning, brainstorming, and revising can help
students feel more confident in learning to write effectively and efficiently. Abstraction
teaches students to focus on the key ideas and concepts of the writing assignments, which
can help students prioritize what to include in their writing, making the task less over-
whelming. Step-by-step algorithmic thinking assists students in organizing the components
of their writing. Thus, the students can follow a structured writing process and make the
writing feel more manageable, thereby increasing the self-perception of being organized.
Evaluation in writing means reviewing and analyzing the writing drafts to identify areas
for improvement. This provides students with feedback on their writing, assisting them in
identifying areas for improvement and increasing confidence in their writing skills.

The results of this study support those of [20,24,52], whose findings suggest that
following CT instruction may be associated with lower writing anxiety, which could
potentially be related to positive emotions experienced by individuals. Writing anxiety
encompasses cognitive, physiological, and behavioral influences on students” writing. In
the present study, the influence of the fundamental concepts of CT was most significant
for somatic anxiety, followed by avoidance behavior and then cognitive anxiety. During
the English writing course, the students exposed to the fundamental concepts of CT
could analyze the key points of writing tasks and provide detailed examples, thereby
gaining more confidence in their writing capabilities and lowering their somatic anxiety. In
terms of avoidance behavior, the students in the experimental group were engaged in the
experimental activities and assisted one another with feedback and evaluation. Hence, the
fundamental concepts of CT suppress avoidance behavior induced through anxiety. CT
instruction guided the students in using brainstorming and in organizing their writing,
thereby increasing their writing confidence and mitigating their cognitive anxiety.

5.2. Influence of the Fundamental Concepts of CT in Improving Students” Motivation

This study’s second research question concerned the impact of using the fundamental
concepts of CT to enhance students’ writing motivation. The results of this study revealed
that the fundamental concepts of CT enhanced students’ writing motivation in terms of
self-efficacy beliefs, mastery goals, and performance goals more effectively than the conven-
tional teaching method. The results of this study are consistent with those of [4,27], who
have reported a significant positive relationship between CT and motivation. Moreover, the
activities of the conventional teaching method were found to be less motivating. They did
not stimulate the student to break down the problems they faced, unlike the experimental
group, in which they were required to break down problems, brainstorm ideas, recognize
the pattern, and organize the key points. Regarding the writing motivation subcategories,
the effect of the fundamental concepts of CT was strongest for mastery goals, followed by
performance goals, and then self-efficacy beliefs.

The decomposition activities of brainstorming ideas and breaking down the writing
process into small, more manageable steps promotes students” motivation to complete
English writing assignments. Pattern recognition encourages students to understand the
fundamental patterns that underlie the writing process. Teaching general writing strategies
to students that can be applied to any writing assignment boosts their confidence and
motivation to complete writing tasks. Additionally, recognizing patterns and memorizing
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them enables students to identify areas in which they must improve to become outstanding
writers. Abstraction supports students in comprehending the underlying principles of
effective writing, which increases their motivation to complete tasks. Abstraction also
includes teaching students about the structure of a well-written essay, the critical use
of evidence to support their ideas, and the crucial roles of grammar and punctuation.
Algorithmic thinking represents a step-by-step approach to organizing key points that
increases students’ motivation to complete tasks. Finally, evaluation provides students with
constructive criticism and suggestions for improving their writing, which in turn triggers
their motivation to complete tasks.

Incorporating the fundamental concepts of CT in English writing enables the exer-
cise of participants’ critical thinking and develops a deeper understanding of complex
issues [18,51]. The ability to think critically in writing is particularly important for sus-
tainable development [6,18]. It enables students to effectively communicate their ideas,
engage in constructive criticism, and work toward a sustainable world. Through the CT
concepts, students are better equipped to identify and tackle complex challenges in their
communities and engage in lifelong learning, contributing to a more sustainable future.

5.3. Implications of the Study

This study suggests that the incorporation of the fundamental concepts of CT into
English writing can have a positive impact on students” writing motivation and anxiety
levels, and provide practical implications for teachers and policymakers alike. Teachers
can enhance students’ writing by integrating the fundamental concepts of CT, such as
decomposition, pattern recognition, abstraction, algorithmic thinking, and evaluation, to
promote structured and organized writing. The integration of CT in writing instructions has
been found to improve students’” writing and motivation, and reduce writing anxiety [4,39].
Policymakers can further support the integration of the fundamental concepts of CT into
K12 curricula by providing funding for teacher training, curriculum development, and
resources to implement this learning approach. Professional development opportunities
for teachers to learn about CT and its integration into writing instruction can support the
successful implementation of this learning approach. Additionally, resources, such as peer
tutoring and writing support, which are available to students who experience writing
anxiety, improve their engagement and motivation to write.

6. Conclusions and Limitation

This study demonstrated that employing the fundamental concepts of CT in writing
classes can guide students to adopt a more planned and structured approach to English
writing. By breaking down the writing process into small, manageable steps, students can
feel more confident in their ability to complete writing tasks and more motivated to do
so; these changes reduce anxiety because they enable students to feel more in control of
the process. Additionally, after breaking down tasks into smaller, more manageable steps,
students can perceive a sense of accomplishment with their completion of each step and
the resultant advancement toward their goal. The quasi-experimental design of this study
verified that incorporating CT into English writing classes improved students” motivation
and reduced students’ anxiety toward writing in English.

The application of CT to reduce students’ writing anxiety and improve their writing
motivation in English writing classes could include teaching students how to divide tasks
into manageable steps, identifying the key elements of a writing task, developing an outline
for their writing, and using algorithms and heuristics to identify and correct errors in their
writing. Students must be taught techniques to manage their anxiety, such as relaxation
techniques, positive self-talk, and goal setting, to reduce writing anxiety. In addition,
students need opportunities to practice writing and receive feedback to develop their
confidence. When receiving feedback, instead of simply accepting or rejecting feedback,
students should critically think about the reasoning behind the feedback and how it can
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improve their goals and values. By acquiring these skills, students can become confident
and motivated in their writing and less anxious about the writing process.

Incorporating computational thinking in an English composition course requires a
certain level of technical understanding. Many K-12 students may lack the skills and back-
ground knowledge necessary to apply computational thinking to their writing effectively.
In addition, it may be challenging to motivate students to use computational thinking if
they are unfamiliar with the concept or do not see how it can benefit their writing. Teachers
can employ a variety of strategies to motivate students, such as providing rewards for
task completion, providing feedback on student work, and engaging students in inter-
active activities. To further motivate students, teachers should consider incorporating
computational thinking into other subjects, such as mathematics and science.

The quasi-experimental design can be useful for evaluating the effectiveness of inter-
ventions, in this study, the application of CT to English writing. However, this study has
some limitations. First, there are sample size limitations, which can limit the generalization
of the results. Second, there is limited external validity; due to the controlled environment,
the findings may not be representative and may not be applicable to different contexts.
Third, the duration of the experiment activity is a limitation and there is a possibility that
the novelty of the teaching may generate curiosity among students. Despite the limita-
tions of this study, the findings provide valuable and meaningful insights into the current
research problems. Therefore, for future studies, it is advisable to increase the number
of participants and implement the fundamental concepts of CT in different contexts of
language acquisition. To address the limitation of the duration of the experiment activity,
future research could explore the long-term effects of the fundamental concepts of CT
on students’ writing anxiety and motivation. In future research, it would be valuable to
investigate which components of CT are most effective in reducing writing anxiety and
improving writing motivation. Addressing how the fundamental concepts of CT can be
adapted to suit the needs of different students and contexts would provide valuable insights
into how CT can support students’ learning.
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