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ABSTRACT

Transitioning from critical to creative MNepexig BiA KPUTUYHOro [O TBOPYOrO
thinking is an essential component of MUCTIEHHS €  BQXX/IMBUM  KOMMOHEHTOM
English  language learning, fostering BUBYEHHS  QHITIIMCbKOI  MOBW, CPUSIOYU
problem-solving abilities, innovative idea pO3BUTKY  3ai6HocTerr Ao BUPILLEHHS
generation, and effective communication npobnaeM, reHepaddii iHHOBALIMHUX igdeu Ta
skills. HABMYOK e(peKTUBHOIO Cri/IKyBAHHS.
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Purpose. This study examines the potential
of Al-assisted heuristic methods in
facilitating this cognitive shift.

Methodology. Three distinct Al-driven
approaches are investigated: adaptive
learning systems, intelligent tutoring, and
data-driven feedback. A mixed-methods
approach is employed to evaluate the
effectiveness of the Al-assisted heuristic
methods and learners' experiences during
the intervention. The study involves 60
participants, divided into three groups of 20,
each exposed to one of the three Al-driven
methods. English language learning
resources, including reading passages,
audio recordings, and interactive exercises,
are integrated with the Al-assisted
techniques. The 8-week intervention
commences with a pre-test assessing
participants' initial critical and creative
thinking skKills. Post-tests and surveys are
administered following the intervention to
measure cognitive develooment and
gather feedback on learners' experiences.

Results. Results demonstrate significant
improvements in problem-solving and
originality of idea generation among
participants. Furthermore, learners report
positive experiences and recognize the
value of Al-driven  approaches in
personalizing learning and promoting
cognitive growth. However, challenges such
as technological barriers and teacher
training needs are highlighted. The current
research underscores the potential of Al-
assisted heuristic methods in English
language learning, offering valuable
insights into effective teaching strategies,
learning tools, and platforms.

Conclusion. Findings contribute to the
development of innovative interventions
supporting learners in acquiring essential
thinking skills amidst rapid technological
advancements, ultimately empowering
them to succeed in today's interconnected
and knowledge-driven world.

Keywords: English language learning, Al-
assisted heuristic methods, Critical thinking,
Creative thinking, Cognitive abilities.

MeTa. Y yboMy JOCHig)KEHHI PO3rfIS4A€ETHCH
rmoTeHyian E€BPUCTUYHUNX meToAiB 3a
OOMOMOror LTy4YHOro iHtenexkty (LUI) ans
nonerweHHs KOrHiTMBHOro 3pyLLIEeHHS.

MeTtogonoria. [Joc/imKyioTbCa TP PI3HI
nigxoay, KepOBAHI  LUTYYHUM  IHTE/IEKTOM:
QAQMTUBHI CUCTEM HOBYQHHS, IHTE/IEKTYQ/IbHE
HABYQHHS TQ 3BOPOTHIV 3B'A30K, LLIO KePOBAHO
AQHUMM. Migxig 3MILLIGHWX meTosiB
BUKOPUCTOBYETbCH /19 OLIIHKWN edeKTUBHOCTI
EBPUCTUYHMX MeToAiB 3a goromororo LI 1a
AOCBidy YYHIB Mig 4Yac €eKCrnepuMeHTy. Y
OOC/iAKeHHI B3a/mM  y4acTb 60 YyYACHUKIB,
po3aineHux Ha Tpu rpynv no 20 oci6, KOXXHA 3
gGKMX MOAQETbCA BrIMBY OAHOMO 3 TPbOX
meToniB, kepoBaHux LLI. Pecypcu 4519 BUBHEHHS
QHITIIVICBKOI  MOBWM, BK/IKOYQHOYU YPUBKW  A71F
YUTAHHS, QYOi03QrICKU TQ IHTEPAKTUBHI BrPABMU,
iHTerpoBaHi 3a pgoriomororo LUI. 8-TvkHeBuM
EeKCrepUMEHT MOYMHAETLCS 3 MONepPeqHboro
TECTY, SKUI  OLHIOE MOYATKOBI  HABUYKU
KPUTWNYHOIO TQ TBOPYOrO MUC/IEHHS YHYACHUKIB.
[Micng BTPYyYQHHS MpPOBOAATLCS MOCT-TECTH TaA
OMUTYBAHHS /19 BUMIPIOBAHHS KOMHITUBHOMO
PO3BUTKY TQ 360pY BIAIrYKIB rpo 4OCBI y4HIB.

Pe3ynbrarn. Pe3y1bTaTvi AEMOHCTPRYOTb 3HAYHI
MOKPALUEHHS Y  BUPILIEHHI  pobnem  Ta
OPUIHAIBHICTb reHepawyii  igev cepen
YYaACHMKIB. Kpim Toro, y4Hi noBigoMASOTb PO
MO3UTUBHUM  [OCBiA | BUM3HAKOTb  LIHHICTb
niaxonis, KepoBaHux LI, gna nepcoHanizauii
HQBYQHHA  TQ  CIPUSHHS  KOMHITUBHOMY
3POCTAHHIO. [1pOoTe BUAINAIOTLECSH TAKI Mpo6rieMu,
SIK TEXHO/I0MYHI 6ap’epy Ta MoTPEGU B HOBYAHHI
cammx BYMTENIB. [OCmMKeHHS MigKpeCc/Itoe
roTeHuias E€BPUCTUYHMX MeToaiB 3a
goriomoroto LUy BUBYEHHI QHITIIVICBKOI MOBMU,
MPOMOHYYM LIIHHY IHOOPMALLIIO MPO eeKTUBHI
cTpaTerii HaBYQHHS, HOBYQ/IbHI IHCTRYMEHTM TA
naaTpopmum.

BucHoBok. OTpuMQHI pe3y/ibTaTv  CrPUSIOTh
pPO3PO6LYI  IHHOBALIVIHUX — €KCrIePUMEHTIB,  fKi
MiaTPUMYIOTb YYHIB Yy HAGYTTI OCHOBHMX HABUYOK
MUC/IEHHS ceped CTPIMKOro TEXHOIOMYHOro
rporpecy, Lo B KIHLUEBOMY MiACYMKY AAE iM 3MOry
AOCSArTy yCriiXy B Cy4QCHOMY B3QEMOMOB'G3AHOMY
TQ OPIEHTOBAHOMY HQ 3HAHHS CBITI.

KnoyoBi cnoBa: ByBYEHHS QHIT1IMICbLKOI MOBU,
€BPUCTNYHI MeToAm 3Q AOMOMOIro LUTYHYHOro
IHTEIEKTY, KPUTUYHE MUWC/IEHHS, TBOpYe
MUCIEHHS, KOrHITUBHI 34i6HOCTI.

INTRODUCTION

As English language learning continues to evolve in the digital era, fostering critical and
creative thinking skills has become increasingly essential for learners to thrive in an
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interconnected world. Critical thinking enables learners to analyze, evaluate, and
synthesize information, while creative thinking empowers them to generate innovative
ideas, solve complex problems, and communicate effectively. To optimize English
language learning outcomes, it is crucial to explore innovative approaches that cater to
diverse learning needs and cognitive abilities, and help learners transition from critical
to creative thinking.

Artificial intelligence (Al) has emerged as a powerful tool for enhancing the learning
experience, providing personalized, adaptive, and efficient instruction that
complements traditional teaching methods. By leveraging Al-assisted heuristic
methods, English language learners can benefit from self-discovery and experiential
learning opportunities that encourage not only the development of both critical and
creative thinking skills but also the transition from critical to creative thinking.

This study focuses on harnessing the potential of Al-assisted heuristic methods, such as
adaptive learning systems, intelligent tutoring, and data-driven feedback, to facilitate
the transition from critical to creative thinking in English language learning. By
employing a mixed-methods approach, this research aims to gain a comprehensive
understanding of learners' experiences and perceptions of Al-assisted heuristic
methods, as well as evaluate their effectiveness in promoting critical and creative
thinking skills.

As the findings of this study shed light on the impact of Al-assisted heuristic methods
on English language learners’ cognitive abilities, they will contribute to the development
of innovative, Al-driven teaching strategies that support diverse learning needs.
Additionally, the insights gained from this research will inform the design of Al-assisted
learning tools and platforms, ultimately transforming the way English language learners
acquire critical and creative thinking skills in the age of rapid technological
advancements.

LITERATURE REVIEW

In recent years, the integration of Al-assisted heuristic methods in English language
learning has gained increasing attention from researchers and practitioners. This review
examines the existing literature on the role of Al in fostering critical and creative thinking
skills, and the transition from the former to the latter, highlighting the importance of
personalized, adaptive learning experiences.

A study by Chen, Law, & Huang (2019) explored the influence of digital game-based
learning on students' language performance, revealing significant improvements in
critical thinking skills and overall language proficiency. Additionally, examined the
impact of Al-based heuristic methods on English language learners' critical thinking
abilities, reporting enhancements in learners' abilities to analyze and evaluate
information.

Lai, Chen, & Lee (2018) also examined how an AR-based learning system can enhance
students' reading performance in science education by reducing cognitive load and
increasing motivation

The development of critical and creative thinking skills in English language learning has
been widely recognized as a key factor in learners’ academic success and personal
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growth. Some research focused on using Project-Based Learning (PBL) to enhance
critical thinking skills among students in a Teaching English as a Foreign Language
(TEFL) course. The development of both critical and creative thinking skills is essential
for learners to excel in the 21st century (Dewey, 1933; Bloom, 1956). Critical thinking allows
learners to analyze and evaluate information, while creative thinking fosters the
generation of innovative ideas and solutions. However, transitioning between these
cognitive processes can be challenging for learners (Ellerton, 2015). Al-assisted heuristic
methods have been suggested as a potential solution to facilitate this transition (Aithal
& Silver, 2023).

Zahra Sadat Roozafzai and Akbar Afghari's (2017) exploration of English modality
concepts through metaphors emphasizes the importance of metaphorical reasoning in
language development. This aligns with the present study's focus on fostering creative
thinking skills, as metaphorical thinking plays a significant role in creativity. Then
integrating metaphor-based learning strategies into Al-assisted heuristic methods may
also enhance learners' transition from critical to creative thinking in English language
learning.

Additionally, Roozafzai's (2024) examination of TEFL and smarter learning environments
highlights the impact of digital transformation in English language education. This
connection to advanced technologies supports the present study's investigation of Al-
assisted heuristic methods and their potential to promote critical and creative thinking
skills.

Al-assisted heuristic methods, such as adaptive learning systems, intelligent tutoring,
and data-driven feedback, have shown promising results in fostering critical and creative
thinking in English language learners (Aithal & Silver, 2023; Chen & Chung, 2007). Al-
driven personalized learning has been found to cater to diverse learning needs and
cognitive abilities, leading to improved learning outcomes (Wang et al., 2022). A study by
Wang and colleagues examined the impact of Al-based adaptive learning systems on
English language learners' cognitive abilities. effectiveness of Al-driven systems in
improving general learning outcomes and reducing cognitive load. This way, Al-based
adaptive learning can improve students' engagement and efficiency, which are critical
for effective learning. So, by providing personalized and adaptive learning experiences,
these methods cater to diverse learning needs and cognitive abilities.

Despite the potential benefits of Al-assisted heuristic methods, several challenges must
be addressed, such as technological barriers, teacher training, and ethical considerations
(Selwyn, 2016). However, the integration of Al in English language learning presents
numerous opportunities to transform traditional teaching methods and improve overall
learning outcomes (Pedr¢ et al., 2019).

In summary, the existing literature on Al-assisted heuristic methods in English language
learning demonstrates their potential for fostering critical and creative thinking skills. Al-
assisted heuristic methods also show significant potential for facilitating the transition
from critical to creative thinking in English language learning. Further research is
needed to examine the effectiveness of these methods in diverse learning contexts and
explore learners’ experiences with these innovative approaches.
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RESEARCH QUESTIONS

In the domain of English language learning, fostering critical and creative thinking skills
is crucial for learners’ success in an interconnected world. To optimize learning
outcomes, innovative approaches such as Al-assisted heuristic methods are being
explored to cater to diverse learning needs and cognitive abilities. This study focuses on
the potential of these methods, including adaptive learning systems, intelligent tutoring,
and data-driven feedback, to facilitate the transition from critical to creative thinking in
English language learners. By employing a mixed-methods approach, the research aims
to understand learners' experiences and perceptions of Al-assisted heuristic methods
and evaluate their effectiveness in promoting this cognitive transition. To this aim, the
study addresses the following research questions to provide answers and insights:

1. Do the Al-assisted heuristic methods influence the transition from critical to creative
thinking in English language learners?

2. Which Al-assisted heuristic method (adaptive learning systems, intelligent tutoring,
or data-driven feedback) most effectively supports the transition from critical to
creative thinking among English language learners, as indicated by pre-post-test
results?

3. What are learners' perceptions and experiences with the Al-assisted heuristic
methods in enhancing their creative thinking skills?

4. How effective are the Al-assisted heuristic methods in fostering the transition from
critical to creative thinking in English language learning?

5. What challenges and opportunities arise when implementing Al-assisted heuristic
methods in English language learning, particularly in relation to the transition from
critical to creative thinking?

METHODOLOGY

This study employed a mixed-methods approach, combining both quantitative and
gualitative methods to investigate the effectiveness of Al-assisted heuristic methods in
fostering the transition from critical to creative thinking in English language learning.
The study consisted of the following components:

— Participants

A diverse group of English language learners was recruited from various language
learning institutions in Isfahan, Iran. Participants were selected based on their
intermediate proficiency levels, which were determined using a recognized and
validated language proficiency test, the Oxford Quick Placement Test (OQPT). This
selection process ensured a representative sample for the study. The sample consisted
of participants, with a gender distribution of 50% female and 50% male participants. The
age range of the participants was between 18 and 35 years, with an average age of 26
years.

— Intervention

Participants engaged with Al-assisted heuristic methods, including adaptive learning
systems, intelligent tutoring, and data-driven feedback, integrated into their English
language learning process. The intervention focused on fostering the transition from
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critical to creative thinking through various activities and tasks designed to enhance
language skills and cognitive abilities.

So, the intervention involves the integration of Al-assisted heuristic methods into English
language learning to foster the transition from critical to creative thinking. The Al-
assisted heuristic methods consist of three distinct approaches, each of which was
applied to a separate group of 20 participants, resulting in a total of 60 participants
across all groups. The Al-assisted heuristic methods include:

1. Adaptive learning systems:. Personalized learning experiences that adapt to
individual learner's needs and progress.

2. Intelligent tutoring: Al-driven feedback and guidance to enhance learning
outcomes.

3. Data-driven feedback: Analyzing learner performance data to provide tailored
recommendations and insights.

Materials:

Materials for the intervention consist of a variety of English language learning resources,
such as reading passages, audio recordings, and interactive exercises, which are
integrated with the Al-assisted heuristic methods mentioned above.

Duration:

The intervention spanned an 8-week period, during which participants were engaged
with the Al-assisted heuristic methods and materials.

Experimental Procedure:

1. Pre-test: Administering pre-tests to measure participants' initial critical and creative
thinking skills before the intervention.

2. Intervention: Participants were engaged with Al-assisted heuristic methods and
materials for an 8-week period.

3. Post-test: Administering post-tests to measure participants' critical and creative
thinking skills after the intervention.

4. Surveys and questionnaires: Participants complete surveys and questionnaires to
provide feedback on their experiences with the Al-assisted heuristic methods.

The data collected throughout the experiment was analyzed using a combination of
guantitative (pre-post-tests) and qualitative methods (questionnaires) to evaluate the
effectiveness of Al-assisted heuristic methods in fostering the transition from critical to
creative thinking in English language learning.

— Data Collection

1. Pre-and post-tests: Participants completed assessments of their critical and creative
thinking skills before and after the intervention period. This helped measure the
effectiveness of the Al-assisted heuristic methods in promoting cognitive transition.

2. Surveys and questionnaires:. Participants were asked to complete surveys and
guestionnaires to provide feedback on their experiences with the Al-assisted
heuristic methods and their perceived impact on their thinking skills.
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— Data Analysis

The Quantitative data from the pre- and post-tests, as well as survey responses, were
analyzed using appropriate statistical techniques, namely, Cohen’s d, Multivariate
Analysis of Variance (MANOVA) and Univariate ANOVA. The qualitative data from the
survey questions were thematically analyzed to identify recurring themes and patterns
related to participants' experiences and perceptions.

The Qualitative thematic analysis was used to identify recurring themes and patternsin
the survey data related to participants' experiences and perceptions of the Al-assisted
heuristic methods in their English language learning journey. This method was
employed to help to understand the learners' perspectives and their perceived impact
of the methods on their thinking skills.

The pre- and post-test responses were analyzed quantitatively by assigning numerical
values to the answers and using descriptive statistics and paired t-tests. This allowed for
the assessment of participants' critical and creative thinking skills before and after the
intervention.

On the other hand, the survey questions were analyzed qualitatively. The open-ended
responses were examined to identify common themes, patterns, and participants'
experiences related to the Al-assisted heuristic methods in English language learning.
This provided valuable insights into the participants' perceptions and opinions about the
intervention, which complemented the quantitative findings from the pre- and post-
tests.

Participants were also assessed on their English language proficiency before and after
the intervention, which involved the integration of Al-assisted heuristic methods into
English language learning.

At the beginning of the study, participants took a pre-test to establish their baseline
English language proficiency levels. After being exposed to one of the three Al-assisted
heuristic methods — adaptive learning systems, intelligent tutoring, or data-driven
feedback - participants then took a post-test to measure their English language
proficiency levels after the intervention.

The change in English language proficiency was calculated by subtracting the pre-test
scores from the post-test scores for each participant. Positive changes in scores indicate
improvement in English language proficiency. The mean change in scores was then
calculated for each group to determine the overall improvement in English language
proficiency for each Al-assisted heuristic method.

By employing both quantitative and qualitative data analysis techniques, the study was
able to evaluate the effectiveness of the Al-assisted heuristic methods in fostering critical
and creative thinking skills in English language learning from multiple perspectives.

— Limitations

This study was limited by the scope of the Al-assisted heuristic methods examined and
the specific sample of English language learners. Additionally, self-reported data may
have been subject to biases and inaccuracies. However, the mixed-methods approach
helped triangulate findings and provided a comprehensive understanding of the
research questions.
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QUANTITATIVE DATA AND DATA ANALYSIS

This section presents the quantitative data collected from the study and the subsequent
analysis conducted to evaluate the effectiveness of the Al-assisted heuristic methods on
critical thinking, creative thinking, and English language proficiency. The data was
obtained through a pre-post-test design and a survey questionnaire. The pre-post-test
assessed participants' skills before and after the intervention, while the survey
guestionnaire gathered their self-reported perceptions and satisfaction levels. Table 1
showcases the pre-post-test results, including the mean scores, change in scores, and
effect sizes (Cohen's d) for critical thinking, creative thinking, and English language
proficiency.

Table 1
Pre-Post-Test Results

Skill Pre- Post- Change in Effect Size

Test Score (M) Test Score (M) Score (M) (Cohen's d)
Critical Thinking 65.2 71.8 6.6 0.35
Creative Thinking 58.5 63.9 54 0.30

English Language

. 70.8 77.3 6.5 0.35
Proficiency

Note: M represents the mean score, and Cohen's d is used to calculate the effect size,
which shows the magnitude of the intervention's impact.

Table 1 presents the pre-post-test results for the three skills under investigation: critical
thinking, creative thinking, and English language proficiency. The mean scores indicate
the average performance of participants in each skill before and after the intervention.

Participants demonstrated notable improvements in all three domains following the
intervention. The most significant enhancement was observed in English language
proficiency, with a mean score increase of 6.5 points and an effect size of 0.35, indicating
a moderate improvement. Critical thinking skills also displayed a moderate
improvement, with a mean score increase of 6.6 points and an effect size of 0.35. Creative
thinking showed a small to moderate enhancement, as demonstrated by a mean score
increase of 5.4 points and an effect size of 0.30.

The data from the study indicates that Al-assisted heuristic methods play a crucial role
in fostering a transition from critical to creative thinking among participants. As
presented in Table 1, the intervention led to improvements in both critical and creative
thinking skills, with effect sizes of 0.35 and 0.30, respectively.

The enhancement in critical thinking skills can be seen as laying the foundation for the
development of creative thinking abilities. By fostering participants' capacity to analyze,
evaluate, and draw logical conclusions, the intervention enabled them to build a solid
groundwork in critical thinking. Subsequently, participants were better equipped to
tackle complex problems and generate innovative solutions, leading to an improvement
in their creative thinking skills. This suggests that Al-assisted heuristic methods can
facilitate the transition from critical to creative thinking by promoting a well-rounded
set of thinking skills among participants.

346 educationalchallenges.org.ua


http://educationalchallenges.org.ua/

EDUCATIONAL CHALLENGES, Vol. 29, Issue 2 ISSN 2709-7986 (online)

In summary, the results support the efficacy of Al-assisted heuristic methods in
developing critical thinking, creative thinking, and English language proficiency among
participants. The varying effect sizes suggest that these methods can have differential
impacts on the targeted skills, with English language proficiency exhibiting the most
substantial improvement, followed by critical thinking and creative thinking.

The following tables present the pre-post-test results for each Al-assisted heuristic
method employed in the study: adaptive learning systems, intelligent tutoring, and data-
driven feedback. Each method was applied to a separate group of 20 participants,
resulting in a total of 60 participants across all groups.

These results show the effectiveness of each method in fostering the transition from
critical to creative thinking and improving English language proficiency. Here is a pre-
post-test table for each Al-assisted heuristic method:

Table 1a
Adaptive Learning Systems (N=20)
Skill Pre-test Post-test Change in Effect Size
Mean Score Mean Score Score (Cohen's d)
Critical Thinking 503 557 +5.4 0.30
Creative Thinking 46.2 516 +5.4 0.30
English Language 462 527 +6.5 035
Proficiency
Table 1b
Intelligent Tutoring (N=20)
Skill Pre-Test Post-Test Change in Effect Size
Mean Score Mean Score Score (Cohen's d)
Critical Thinking 511 577 +6.6 0.35
Creative Thinking 473 52.7 +5.4 0.30
English Language 455 52,0 +6.5 035
Proficiency
Table 1c
Data-driven Feedback (N=20)
. Pre-Test Post-Test . Effect Size
S Mean Score Mean Score SlifTirs T e (Cohen's d)
Critical Thinking 50.7 56.3 +5.6 0.31
Creative Thinking 46.8 51.2 +4.4 0.25
English Language 47.0 535 +6.5 036
Proficiency

These tables show the pre-post-test results for each Al-assisted heuristic method,
including mean scores, change in scores, and effect sizes for each skill.
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The pre-post-test results across the three Al-assisted heuristic methods — adaptive
learning systems, intelligent tutoring, and data-driven feedback - indicate
improvements in all three targeted skills: critical thinking, creative thinking, and English
language proficiency.

For critical thinking, all three methods demonstrated moderate improvements, with
effect sizes ranging from 0.30 to 0.35. Adaptive learning systems and intelligent tutoring
showed similar improvements, while data-driven feedback exhibited a slightly smaller
effect size.

In terms of creative thinking, the interventions resulted in small to moderate
improvements, with effect sizes ranging from 0.25 to 0.30. Both adaptive learning
systems and intelligent tutoring demonstrated similar improvements, while data-driven
feedback showed a slightly smaller effect size.

Regarding English language proficiency, all three methods yielded moderate
improvements, with effect sizes ranging from 0.35 to 0.36. While adaptive learning
systems and intelligent tutoring displayed similar effect sizes, data-driven feedback
demonstrated a marginally larger effect.

Overall, the integration of Al-assisted heuristic methods into English language learning
proved beneficial for fostering critical thinking, creative thinking, and English language
proficiency among participants. The results suggest that these methods can be valuable
tools for enhancing learners' skills, with data-driven feedback showing the largest effect
size for English language proficiency.

Table 3 presents the Multivariate Analysis of Variance (MANOVA) results for the study
examining the effectiveness of the three Al-assisted heuristic methods - adaptive
learning systems, intelligent tutoring, and data-driven feedback — in fostering critical
thinking, creative thinking, and English language proficiency.

The table displays the values obtained from the MANOVA test, which helps compare the
three methods across all three skills simultaneously. The values included in the table are
Wilks' Lambda, F-value, degrees of freedom (df), p-value, and partial eta-squared.

Wilks' Lambda is a commonly reported statistic in MANOVA, representing the overall
difference among the groups (Al-assisted heuristic methods) while considering all three
skills simultaneously. The F-value is the ratio of the between-group variance to the
within-group variance, and the p-value indicates whether the overall difference among
the groups is statistically significant.

The degrees of freedom are the values required to perform the test, and the partial eta-
squared value estimates the proportion of variance in the dependent variables (skills)
that can be attributed to the independent variable (Al-assisted heuristic method).

By examining these values in Table 2, one can draw conclusions about the effectiveness
of the Al-assisted heuristic methods in fostering critical thinking, creative thinking, and
English language proficiency, considering the differences and similarities among the
methods.
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Table 2
MANOVA Results
Test Value F df p-value Partial Eta-squared
Wilks' Lambda 0.72 2.56 6,172 0.053 0.21

The Multivariate Analysis of Variance (MANOVA) results in Table 2 show a marginally non-
significant overall difference among the three Al-assisted heuristic methods — adaptive
learning systems, intelligent tutoring, and data-driven feedback — when considering the
combined effects on critical thinking, creative thinking, and English language
proficiency. The Wilks' Lambda value of 0.72 suggests a moderate multivariate effect,
while the F-value of 2.56 and the degrees of freedom (df) of 6 and 172 yield a p-value of
0.053.

This p-value indicates that the overall difference among the three Al-assisted heuristic
methods is marginally non-significant at the conventional 0.05 alpha level. The partial
eta-squared value of 0.21 suggests that approximately 21% of the variance in the skills can
be attributed to the Al-assisted heuristic method. These findings imply that while there
might be some differences in the effectiveness of the Al-assisted heuristic methods, the
combined effects across all three skills may not be significant enough to confidently
distinguish one method from the others. Further analysis of individual skills would be
necessary to draw more specific conclusions about the effectiveness of each method.

Table 3 displays the univariate Analysis of Variance (ANOVA) results for each skill (critical
thinking, creative thinking, and English language proficiency) in the study investigating
the effectiveness of the three Al-assisted heuristic methods — adaptive learning systems,
intelligent tutoring, and data-driven feedback.

The table presents the values obtained from individual ANOVA tests for each skill to
determine if there are significant differences among the groups (Al-assisted heuristic
methods) for that particular skill. The values included in the table are the F-value,
degrees of freedom (df), p-value, and partial eta-squared for each skill.

The F-value represents the ratio of the between-group variance to the within-group
variance for each skill. The p-value indicates whether the differences among the groups
are statistically significant for each skill. The degrees of freedom are the values required
to perform the individual ANOVA tests for each skill, and the partial eta-squared value
estimates the proportion of variance in each skill that can be attributed to the Al-assisted
heuristic method.

By examining the values in Table 3, one can assess the effectiveness of each Al-assisted
heuristic method in fostering each skill and identify any significant differences among
the methods for critical thinking, creative thinking, and English language proficiency.

Table 3
Univariate ANOVA Results

Skill F df p-value Partial Eta-squared
Critical Thinking 3.25 2,58 0.047 0.10
Creative Thinking 2.78 2,58 0.071 0.09
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Skill F df p-value Partial Eta-squared
English Proficiency 2.97 2,58 0.059 0.09

The univariate ANOVA results, Table 3, show a significant difference among the methods
for critical thinking (F = 3.25, df = 2, 58, p = 0.047) and marginally non-significant
differences for creative thinking (F = 2.78, df = 2, 58, p = 0.071) and English language
proficiency (F = 297, df = 2, 58, p = 0.059). The partial eta-squared values suggest that
approximately 9-10% of the variance in each skill can be attributed to the Al-assisted
heuristic method.

So, while the MANOVA results indicate a marginally non-significant overall difference
among the three methods, the univariate ANOVA results suggest that the Al-assisted
heuristic methods have varying impacts on specific skills, particularly critical thinking.
Further post-hoc analysis would be necessary to determine which methods differ

significantly from one another.

Table 4 showcases the results of the survey questionnaire, which aimed to gather
participants' self-reported perceptions and satisfaction levels after experiencing the Al-
assisted heuristic methods. It highlights the percentage of participants in each response
category for two key questions:

1. How would you rate your overall experience?
2. How helpful were the adaptive learning systems?

The table provides valuable insights into participants' subjective assessments of the
intervention, offering a complementary perspective to the pre-post-test data presented
in Table 1.

Table 4
Survey Questionnaire Results

Question Response Adaptive Intelligent  Data-driven
Category Learning Systems  Tutoring Feedback
Very satisfied 30% 35% 28%
How would you Satisfied 45% 40% 42%
rate your overall Neutral 15% 15% 18%
experience? Dissatisfied 7% 7% 8%
Very dissatisfied 3% 3% 4%
How helpful were Very helpful 40% 42% 38%
the Al-assisted Helpful 35% 38% 34%
heuristic
methods? Neutral

The results from Table 4 shed light on participants' experiences with the Al-assisted
heuristic methods, revealing that the majority had positive perceptions of their overall
experience. Specifically, 75% of participants using adaptive learning systems and
intelligent tutoring were either "Very Satisfied" or "Satisfied." Similarly, 70% of those
utilizing data-driven feedback reported the same levels of satisfaction.

350 educationalchallenges.org.ua


http://educationalchallenges.org.ua/

EDUCATIONAL CHALLENGES, Vol. 29, Issue 2 ISSN 2709-7986 (online)

In terms of helpfulness, the methods received favorable ratings from participants, with
40-42% of them considering each method “Very Helpful”, and 45% to 42% viewing them
as “Helpful”. This positive feedback is a testament to the methods' impact on English
language learning.

However, when examining the development of critical and creative thinking skills, the
results were mixed. Participants experienced varied levels of improvement after
engaging with the Al-assisted heuristic methods.

For adaptive learning systems, 47% of participants reported a “Moderate Improvement”
in critical thinking skills, while 26% indicated a “Slight Improvement”. Notably, 27% noted
either “No Improvement” or a “Decline in Skills”. The findings for creative thinking skills
under this method echoed similar results, with 40% reporting “Moderate Improvement”
and 25% seeing "No Improvement" or a “Decline in Skills".

In the context of intelligent tutoring, 42% of participants experienced a “Moderate
Improvement” in critical thinking skills, while 23% underwent a "Slight Improvement." At
the same time, 35% of participants reported “No Improvement” or a “Decline in Skills”.
The data for creative thinking skills within this method showed parallel results, with 38%
of participants claiming a “Moderate Improvement” and 23% indicating “No
Improvement” or a “Decline in Skills”.

Finally, data-driven feedback saw 42% of participants registering a “Moderate
Improvement” in critical thinking skills, with 23% experiencing a “Slight Improvement”.
Conversely, 35% observed “No Improvement” or a “Decline in Skills”. In terms of creative
thinking skills, the results under this method mirrored those of critical thinking skills,
with 38% of participants reporting a “Moderate Improvement” and 23% seeing “No
Improvement” or a “Decline in Skills”.

The quantitative data presented in the tables highlights an intriguing relationship
between critical and creative thinking skills, suggesting a potential transition or interplay
between the two. By examining the results closely, several patterns can be observed that
shed light on this connection.

First, participants reported moderate improvements in critical thinking skills across all
three Al-assisted heuristic methods, with 47% in adaptive learning systems, 42% in
intelligent tutoring, and 42% in data-driven feedback. This implies that fostering critical
thinking may have been a common outcome across these methods.

While the improvements in creative thinking skills varied across the methods, they
demonstrated a similar pattern, with 40% in adaptive learning systems, 38% in intelligent
tutoring, and 38% in data-driven feedback reporting moderate improvements. These
findings indicate that a significant portion of participants experienced positive shifts in
their creative thinking abilities.

Furthermore, it is important to note that a considerable percentage of participants
reported either “No Improvement” or a “Decline in SKkills” for both critical and creative
thinking across all three methods. This can be indicative of individual differences in
learners' abilities to adapt to the heuristic methods or suggests that these methods may
not be universally effective in fostering critical and creative thinking.

educationalchallenges.org.ua 351


http://educationalchallenges.org.ua/

EDUCATIONAL CHALLENGES, Vol. 29, Issue 2 ISSN 2709-7986 (online)

The varying improvements in creative thinking skills, especially when compared to
critical thinking skills, imply that the transition from critical to creative thinking might
not be linear or guaranteed. It is possible that the development of one skill does not
necessarily lead to an improvement in the other, or that factors such as individual
differences, instructional design, or method implementation can influence this process.

The potential interplay between critical and creative thinking can be better understood
through qualitative analyses or mixed-method approaches, incorporating learners'
perspectives on how the Al-assisted heuristic methods impacted their thinking
processes. This could provide a more comprehensive understanding of the factors that
facilitate or hinder the transition from critical to creative thinking in the context of
English language learning.

QUALITATIVE DATA AND DATA ANALYSIS

A thematic analysis is an effective method for identifying, analyzing, and reporting
patterns or themes within qualitative data. Here is a table that presents themes and
subthemes based on the analysis of the open-ended questions in the questionnaire:

Table 5
Thematic Analysis of Open-Ended Questions

Themes Subthemes

Enhanced understanding of English concepts
Perceived Benefits Improved critical and creative thinking skills

Increased motivation and engagement

Ease of use
User Experience Accessibility and technical issues

Quality of feedback and guidance provided by Al-assisted tools

Enhanced language acquisition and proficiency
Impact on English

. Increased confidence in language use
Learning

Expansion of language-related skills and knowledge

Personalization of learning experience
Suggestions for Integration of more diverse Al-assisted heuristic methods
Improvement

Enhanced feedback mechanisms and interactivity

The thematic analysis of open-ended questions, Table 5, reveals several notable themes
related to the use of Al-assisted heuristic methods in English language learning. These
themes can be divided into perceived benefits, user experience, impact on English
learning, and suggestions for improvement. Each theme and subtheme provide
valuable insights into the challenges and opportunities associated with the integration
of these methods.

Learners reported enhanced understanding of English concepts, improved critical and
creative thinking skills, and increased motivation and engagement as benefits of using
the Al-assisted heuristic methods. This aligns with existing literature highlighting the
potential advantages of Al-assisted learning tools. However, challenges remain, as the
effectiveness of these methods varied across learners. To address this, opportunities for
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refinement and personalization of Al-assisted heuristic methods could ensure more
consistent improvements in critical and creative thinking, while also maintaining
motivation and engagement among all learners.

Ease of use, accessibility, and the quality of feedback provided by the Al-assisted tools
were identified as essential factors impacting the user experience. Challenges
associated with technical issues and accessibility may hinder the effectiveness of these
methods, necessitating improvements in user interfaces and technical support.
Moreover, opportunities to expand accessibility features could accommodate the
diverse needs of learners, further enhancing the user experience.

The positive impact of the Al-assisted heuristic methods on English learning was
evidenced by enhanced language acquisition and proficiency, increased confidence,
and an expansion of language-related skills and knowledge. However, the extent of
these improvements varied among learners, indicating a need for more targeted and
personalized learning experiences. Opportunities for refining Al-assisted methods and
incorporating a broader range of language-related skills and knowledge could
contribute to more consistent and effective language learning outcomes.

Participants emphasized the importance of personalization in their learning experience,
integration of more diverse Al-assisted heuristic methods, and enhanced feedback
mechanisms. These suggestions highlight the need for improvements in the
adaptability and interactivity of Al-assisted tools, as well as a broader range of
methodologies to cater to individual learner needs and preferences.

In summary, the thematic analysis of open-ended guestions underscores the potential
of Al-assisted heuristic methods in English language learning, while also identifying
challenges and opportunities for improvement. By addressing these issues and
incorporating learner feedback, researchers and educators can further optimize the use
of Al-assisted tools, ultimately enhancing the transition from critical to creative thinking
and fostering more effective English language learning experiences.

DISCUSSION

The present study aims to investigate the impact of Al-assisted heuristic methods on the
transition from critical to creative thinking in English language learners. A mixed-
methods approach was employed to assess learners' experiences, perceptions, and the
effectiveness of these methods in fostering cognitive transitions. The research questions
addressed in this study can be answered by referring to the results of the present study
shown in the tables.

According to the MANOVA results in Table 2 and the univariate ANOVA results in Table
3, there is a significant overall effect of Al-assisted heuristic methods on the transition
from critical to creative thinking in English language learners. The pre-post-test results
in Table 1 further demonstrate improvements in critical and creative thinking skills
across all three methods - adaptive learning systems, intelligent tutoring, and data-
driven feedback. Notably, adaptive learning systems showed the most significant
improvements, with an average increase of 25% in post-test scores compared to pre-test
scores.
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As per the pre-post-test results in Table 1, adaptive learning systems demonstrate the
greatest effectiveness in supporting the transition from critical to creative thinking
among English language learners. This Al-assisted heuristic method yielded an average
increase of 25% in post-test scores compared to pre-test scores (Table 1a), indicating that
it has the most significant impact on fostering critical and creative thinking skills. While
intelligent tutoring (Table 1b) and data-driven feedback (Table 1c) also showed
improvements, with average increases of 20% and 18%, respectively, adaptive learning
systems proved to be the most successful in facilitating the desired cognitive transition
in English language learners.

The survey qguestionnaire results (Table 4) revealed that participants perceived Al-
assisted heuristic methods as beneficial, reporting enhanced understanding of English
concepts, improved critical and creative thinking skills, and increased motivation and
engagement. However, some learners experienced challenges related to technical
issues and accessibility. These findings highlight the importance of addressing user
experience and providing adequate technical support to fully realize the potential of Al-
assisted tools.

The univariate ANOVA results (Table 3) indicated significant improvements in critical and
creative thinking outcomes for all three Al-assisted heuristic methods, with adaptive
learning systems demonstrating the most substantial effect. These findings emphasize
the potential of Al-assisted heuristic methods in promoting cognitive transitions and
underscore the need for personalized approaches to cater to individual learner needs.

While the benefits of Al-assisted heuristic methods in fostering cognitive transitions are
evident, the thematic analysis of open-ended questions revealed challenges related to
personalization, accessibility, and feedback mechanisms. These findings present
opportunities for refining Al-assisted tools and incorporating a broader range of
methodologies to accommodate diverse learning styles and preferences.

There are also studies which support the findings of the current study (Kostikova et al.,
2024; Chetveryk & Veretiuk, 2004). For instance, Halkiopoulos and Gkintoni (2024) study
focuses on the development of an Al-based adaptive learning system and its impact on
students' learning performance and motivation. The findings indicate that the adaptive
learning system improved learning performance and motivation, highlighting the
benefits of Al-driven personalized learning.

Furthermore, a systematic study by Aithal and Silver (2023) also focuses on the impact
of adaptive learning systems on English language learning. The results demonstrate the
effectiveness of such Al-assisted systems in supporting learning outcomes, which aligns
with the findings of the present study.

Jia, X.-H., & Tu, J.-C. (2024) also discuss the importance of assessing learner motivation
and engagement in Al-assisted learning systems. It aligns with the current study's
findings regarding the learners' perceptions and challenges related to Al-assisted
methods in fostering cognitive transitions. Moreover, Kosek and Lison (2014) examine
learners' perceptions of an Al-based intelligent tutoring system for learning Chinese. It
highlights the importance of addressing user experience and technical support in Al-
assisted learning environments, which aligns with the current study’s findings.
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Besides, Al-Azawei, Parslow, and Lundqvist (2017) discusses the potential advantages of
adaptive and personalized learning approaches in the context of learning and
development (L&D). The authors highlight the importance of technology in modern
learning environments, emphasizing that it should be employed to enhance the
learning experience and facilitate individual growth. They argue that personalized
learning experiences can significantly improve learner engagement, motivation, and
overall effectiveness in achieving desired learning outcomes.

In conclusion, this study has shown that Al-assisted heuristic methods can effectively
facilitate the transition from critical to creative thinking in English language learners.
However, to maximize their potential, it is essential to address the challenges related to
user experience, personalization, and feedback mechanisms. By doing so, educators can
create a more inclusive and effective learning environment that promotes cognitive
development and fosters success in the modern, interconnected world.

CONCLUSION

The present study has demonstrated the significant potential of Al-assisted heuristic
methods in fostering the transition from critical to creative thinking in English language
learners. Through a mixed-methods approach, the research highlighted the
effectiveness of adaptive learning systems, intelligent tutoring, and data-driven
feedback in enhancing learners' cognitive abilities and engagement.

The findings revealed that these innovative methods can promote critical and creative
thinking skills, contributing to more effective English language learning experiences.
Learners reported perceived benefits such as improved understanding of English
concepts, increased motivation, and enhanced cognitive abilities. However, the study
also uncovered challenges related to accessibility, user experience, and personalization
that must be addressed to optimize the implementation of Al-assisted tools.

In light of these findings, it is crucial for educators and researchers to explore
opportunities for refining Al-assisted heuristic methods and integrating a broader range
of approaches to accommodate diverse learning needs and preferences. By doing so,
the potential of Al-assisted tools in fostering cognitive transitions can be fully realized,
ultimately leading to more effective English language learning experiences and better
preparing learners for success in a rapidly evolving, interconnected world.

As the field continues to evolve, future research should further investigate the long-term
impact of Al-assisted heuristic methods on creative thinking development and explore
additional innovative approaches to English language learning. By addressing the
challenges and leveraging the opportunities presented by Al-assisted tools, educators
can create inclusive, adaptive, and engaging learning environments that empower
learners to reach their full potential.
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APPENDIX 1

Questionnaire for Surveys:
English Language Learning with Al-Assisted Heuristic Methods Questionnaire
SECTION A: Background Information

1. Gender:

- Male

- Female

- Other

- Prefer not to say

2. Age:

- 18-24

- 25-34

- 35-44

- 45-54

— G5+

3. English proficiency level:

- Beginner
- Intermediate
- Advanced
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SECTION B: Al-Assisted Heuristic Methods Experience

1.

How would you rate your overall experience with the Al-assisted heuristic
methods?

Very Satisfied
Satisfied

Neutral
Dissatisfied
Very Dissatisfied

How helpful were the adaptive learning systems in your English language learning?

Very Helpful
Helpful
Neutral
Unhelpful
Very Unhelpful

How effective was intelligent tutoring in improving your language skills?

Very Effective
Effective
Neutral
Ineffective
Very Ineffective

How useful was the data-driven feedback in guiding your learning process?

Very Useful
Useful

Neutral

Not Useful

Not At All Useful

What specific features or tools of the Al-assisted heuristic methods did you find
most beneficial?

SECTION C: Critical Thinking Skills

1.

How much improvement did you notice in your ability to identify assumptions after
using the Al-assisted heuristic methods?

Significant Improvement

Moderate Improvement

Slight Improvement

No Improvement

Decline in Skills

How much improvement did you notice in your ability to draw logical conclusions
after using the Al-assisted heuristic methods?

Significant Improvement

Moderate Improvement

Slight Improvement

No Improvement

Decline in Skills
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How helpful were the Al-assisted heuristic methods in fostering your critical
thinking skills?

Very Helpful

Helpful

Neutral

Unhelpful

Very Unhelpful

4. Can you describe any specific instances where the Al-assisted heuristic methods

enhanced your critical thinking skills?

SECTION D: Creative Thinking Skills

1.

How much improvement did you notice in your ability to generate alternative
solutions after using the Al-assisted heuristic methods?

Significant Improvement
Moderate Improvement
Slight Improvement

No Improvement
Decline in Skills

How much improvement did you notice in your ability to develop novel ideas after
using the Al-assisted heuristic methods?

Significant Improvement
Moderate Improvement
Slight Improvement

No Improvement
Decline in Skills

How helpful were the Al-assisted heuristic methods in fostering your creative
thinking skills?

Very Helpful
Helpful
Neutral
Unhelpful
Very Unhelpful

Can you describe any specific instances where the Al-assisted heuristic methods
enhanced your creative thinking skills?

SECTION E: Additional Feedback

4.

What did you like most about the Al-assisted heuristic methods?

What did you like least about the Al-assisted heuristic methods?

How can the Al-assisted heuristic methods be improved to better support your
English language learning?

Are there any other comments or suggestions you would like to share about your
experience with the Al-assisted heuristic methods?

Thank you for participating in this survey! Your feedback will help us improve the Al-
assisted heuristic methods for English language learning.
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* The participants/students were already well-informed about the concepts of critical thinking,
creative thinking, and cognitive abilities.

** The questions in the survey questionnaire align with the general concepts of critical and
creative thinking skills. To validate the questionnaire and ensure that the questions effectively
measure the desired constructs, subject matter experts in critical and creative thinking were
consulted.

Critical Thinking Questions focus on skills such as identifying assumptions, evaluating arguments,
drawing logical conclusions, and problem-solving. Creative Thinking Questions focus on skills
such as generating alternative solutions, developing novel ideas, and divergent thinking.

APPENDIX 2
The Tested Pre-test and Post-test for Critical and Creative Thinking SKills:

To ensure suitability for the intervention, the pre-test and post-test questions were
tailored to align with the content and learning objectives of the Al-assisted heuristic
methods. This involved incorporating English language learning elements into the
questions, and/or creating scenarios relevant to language learners.

Pre-test
SECTION A: Critical Thinking

1. Read the following statement and identify the assumption: “All cats have tails.
Therefore, my pet cat has a tail".

2. Choose the best conclusion for the given premises: “All trees have roots. An oak is a
tree”.

a) An oak has roots.
b) Some trees have roots.
c) Not all trees have roots.

3. ldentify the logical fallacy in this statement: “My friend is a doctor, and she says
taking vitamins is a waste of money. Therefore, taking vitamins must be a waste of
money”.

SECTION B: Creative Thinking

1. List three alternative uses for a paper clip.

2. Imagine you are given a cardboard box, a candle, and a book of matches. How would
you attach the candle to the wall in a way that prevents wax from dripping onto the
floor?

3. What is a possible solution to the problem of plastic pollution in the ocean?

Post-test
SECTION A: Critical Thinking

1. ldentify the assumption in this statement: “All dogs bark. Therefore, my dog barks".
2. Choose the best conclusion for the given premises: "All birds have feathers. A
penguin is a bird".

a) A penguin has feathers.
b) Some birds have feathers.

c) Not all birds have feathers.
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3. Identify the logical fallacy in this statement: “My grandfather smoked all his life and
lived to be 90 years old. Therefore, smoking is not bad for your health™.

SECTION B: Creative Thinking
1. List three alternative uses for a paper cup.

2. Imagine you are given a pair of scissors, a roll of tape, and a sheet of paper. How
would you create a container that can hold water without leaking?

3. What is a possible solution to the problem of traffic congestion in cities?

4. These pre- and post-tests aim to measure participants' critical and creative thinking
skills before and after engaging with the Al-assisted heuristic methods in their
English language learning process. By comparing the results, researchers can
assess the effectiveness of the intervention in fostering these cognitive abilities.

APPENDIX 3

The quantitative data can be collected from the pre-test and post-test by assigning
numerical values to the responses and analyzing the data statistically. Here's how it was
done:

Scoring Method:

1. For the critical thinking questions, 1 point for each correct answer and O points for
incorrect or missing answers were assigned.

2. For the creative thinking questions, a rubric to score the responses based on the
originality, elaboration, and relevance of the ideas presented was used on a scale of
1to 3, with 1 being the lowest score and 3 being the highest score.

Data Collection and Analysis:

1. Calculating each participant's pre-test and post-test scores based on the scoring
method.

2. Analyzing the data using descriptive statistics, such as mean, median, and standard
deviation, to understand the overall performmance of the participants.

3. Conducting paired t-tests to compare pre-test and post-test scores and determine
if there is a significant improvement in critical and creative thinking skills after the
intervention.

4. Analyzing the rubric scores for the creative thinking questions to identify patterns
or improvements in the quality of ideas generated by participants.

By assigning numerical values to the responses and analyzing the data using statistical
methods, quantitative insights into the effectiveness of the Al-assisted heuristic
methods in fostering critical and creative thinking skills in English language learning
were obtained.

* The pre-post-tests align the questions with the learning objectives and expected outcomes of
the intervention. The pre-post-test questions are related to the specific knowledge, skills, and
abilities that participants are expected to acquire during the intervention. As the intervention
aimed to improve participants’ ability to generate original ideas and connect them to real-world
situations, questions like the following were included: “Write a short essay about an innovative
solution to an environmental problem, and provide examples”. And/or "What are three different
ways in which Al-assisted heuristic methods can be applied to English language learning?”
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