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Abstract

This review synthesizes current conceptual, theoretical, and empirical literature on the impact of ChatGPT on
students’ problem-solving abilities in Chemistry education. The findings indicate that ChatGPT possesses
significant potential to function as a cognitive scaffold by enhancing conceptual understanding, analytical
reasoning, and procedural fluency in complex Chemistry tasks. Through instant feedback, step-by-step
explanations, and personalized guidance, the tool can reduce extraneous cognitive load and support learners
within their Zone of Proximal Development, particularly in resource-constrained educational contexts. However,
the literature also reveals substantial pedagogical concerns. Excessive and uncritical reliance on ChatGPT may
foster cognitive dependency, superficial learning, weakened metacognitive regulation, and diminished
independent analytical reasoning. Such outcomes risk undermining the development of higher-order problem-
solving skills essential for scientific inquiry and professional competence. The review emphasizes that the
effectiveness of ChatGPT depends largely on structured pedagogical integration, guided usage models, and strong
digital literacy frameworks. [t recommends the adoption of Al integration policies that prioritize critical engagement,
ethical use, and assessment strategies focused on reasoning rather than answer reproduction. Ultimately, a
blended human-Al partnership is proposed as the most sustainable pathway for strengthening independent
problem-solving competence in Chemistry education.

Keywords: ChatGPT, Problem-Solving Abilities, Chemistry Education, Artificial Intelligence in Education, Digital
Literacy.

Introduction

As digital technologies continue to impact teaching and learning, education systems around the globe are
undergoing discernible changes (Mhlongo et al., 2023; Zou et al., 2025). Technology-supported platforms that
enable more flexibility, personalized learning paths, and more interactive classroom experiences are now being
used to supplement approaches that previously relied almost exclusively on in-person instruction and printed
textbooks (Zawacki-Richter et al., 2019). Within this broader digital transition, Artificial Intelligence (Al) has become
one of the most impactful developments, altering the ways students locate information, process ideas, and build
understanding in modern classrooms (Holmes et al., 2019). In science education in particular, Al-based tools are
gradually being introduced as potential means of strengthening students’ reasoning abilities and improving their
approach to complex problem-solving tasks (Kim & Kim, 2022).

Among recent Al innovations, ChatGPT developed by OpenAl has attracted considerable academic attention. It
operates as a conversational system capable of producing detailed explanations, clarifying challenging concepts,
supplying examples, and offering structured responses to academic prompts (Kasneci et al., 2023). Because it can
simulate interactive dialogue and respond to subject-specific questions, many students now view it as a form of
digital study companion across various disciplines. In educational settings, it may support learning by unpacking
abstract ideas, outlining stepwise solutions, and encouraging independent exploration of subject matter. These
characteristics are particularly relevant for disciplines such as Chemistry, where deep cognitive engagement is
required (Baidoo-Anu & Ansah, 2023; Rudolph et al., 2023).

Chemistry education presents unique cognitive demands due to its abstract nature and multi-level
representational structure. Students are required to interpret phenomena across macroscopic observations,
submicroscopic particle interactions, and symbolic chemical representations (Popova, 2024). This triadic
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complexity often leads to conceptual misunderstandings and difficulties in applying theoretical knowledge to
quantitative and real-world problems. Mastery in Chemistry therefore depends not only on memorization but also
on well-developed problem-solving abilities, critical thinking skills, and analytical reasoning. Persistent learning
challenges in Chemistry classrooms have prompted educators to explore alternative pedagogical strategies and
digital supports that can enhance conceptual clarity and procedural competence (lyamuremye et al., 2024;
Utetiwabo et al., 2025).

Emerging global research suggests that Al-supported learning tools may improve student participation, interest,
and academic performance when implemented carefully and within structured pedagogical frameworks (Kasneci
et al., 2023; Rudolph et al., 2023). For example, research efforts led by Stanford University’s SCALE Initiative in
partnership with OpenAl are currently investigating how ChatGPT influences learning performance and cognitive
developmentin educational contexts (StanfordReport, 2025). Additional studies (Vieriu & Petrea, 2025; Li & Wilson,
2025; Wang & Fan, 2025) suggest that the integration of ChatGPT can increase classroom interaction and learner
engagement (Blahopoulou & Ortiz-Bonnin, 2025). Collectively, these findings imply that Al systems may function as
structured academic supports, helping students manage demanding tasks while maintaining active involvementin
the learning process (Li & Wilson, 2025).

Although interestin ChatGPT continues to grow, its use in formal education is still widely debated. The platform can
generate quick explanations and organized answers, yet scholars have questioned how accurate those responses
always are, how ethically the toolis used, and whether students may become too comfortable relying on automated
help (Dwivedi et al., 2023). This issue is particularly sensitive in science subjects. In Chemistry, solving a problem
involves more than producing a final answer. Students must interpret conditions, consider different reaction
pathways, test assumptions, and defend their reasoning. There is a genuine chance that independent analytical
development will slow down if too much of that thinking is delegated to a digital system.

Within the Nigerian context, interest in Al tools in Nigerian schools is growing (Adeleke, 2022; Adebayo & Johnson,
2023; Gungodren et al., 2026). Howlader et al. (2025) suggest that students are more likely to adopt ChatGPT when
they believe it is useful, easy to operate, and socially accepted. However, other factors that influence real usage
include students' technological confidence, institutional support, access to digital gadgets, and internet reliability
(Ezurike & Akinsulire, 2024). Even though many undergraduates increasingly use online learning platforms, the
consistency of their use is still impacted by differences in infrastructure and connectivity (Okoye & Nwachukwu,
2022).

Chemistry education in Nigerian tertiary institutions continues to face persistent challenges, including limited
laboratory facilities, overcrowded classrooms, inadequate instructional materials, and reduced student motivation
(Nkiko, 2021). These constraints can hinder effective conceptual understanding and problem-solving development.
Consequently, students may turn to supplementary digital tools such as ChatGPT to bridge instructional gaps.
While such tools offer opportunities for personalized academic assistance, their actual contribution to measurable
improvements in problem-solving competence remains insufficiently documented. Anecdotal evidence further
suggests that many students struggle with mastering abstract chemical principles, which may negatively influence
academic performance (Nkiko, 2021).

The dual nature of ChatGPT as both a supportive learning aid and a potential source of cognitive dependency raises
critical pedagogical questions. On one hand, ChatGPT can clarify complex calculations, provide immediate
explanations, and guide structured reasoning processes, thereby enhancing efficiency and understanding. On the
other hand, excessive reliance may reduce originality, weaken critical thinking, and diminish intellectual rigor if
students prioritize convenience over analytical engagement (Dwivedi et al., 2023). The central concern is whether
ChatGPT functions as a scaffold that strengthens independent problem-solving abilities or as a substitute that
displaces essential cognitive effort.

Although broader research on Al in education highlights transformative potential (Holmes et al., 2019; Zawacki-
Richter et al., 2019), there remains limited consolidated evidence focusing specifically on its impact within
Chemistry education, particularly regarding students’ problem-solving abilities. Adewale et al. (2024), Bello and
Hassan (2022), and Kokol et al. (2023) examined engagement, perception, or general academic performance, but
fewer investigations critically synthesize findings related to higher-order cognitive outcomes in science disciplines.
This gap appears more pronounced in developing educational systems, where infrastructural inequalities may
shape the extent to which Al tools deliver consistent benefits (Okoye & Nwachukwu, 2022).

Given the growing reliance on Al-driven tools and the central importance of problem-solving competence in
Chemistry education (Alli, 2025), a comprehensive review of existing literature is timely and necessary.
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Understanding the extent to which ChatGPT enhances or hinders students’ analytical reasoning and independent
thinking is crucial for informing evidence-based pedagogical practices. Furthermore, synthesizing current findings
can guide policymakers and educational stakeholders in designing frameworks that promote responsible and
effective Al integration in science classrooms. Therefore, this review study critically examines the impact of
ChatGPT on students’ problem-solving abilities in Chemistry education. By analyzing emerging empirical evidence
and theoretical perspectives, the study seeks to identify patterns of enhancement, areas of concern, and
contextual factors influencing its effectiveness. The ultimate goal is to contribute to scholarly discourse on Al-
assisted learning while offering informed recommendations for balanced and pedagogically sound implementation
in Chemistry education.

Concept of ChatGPT

ChatGPT is a language-based computer programme developed by OpenAl that can respond to written questions in
away that feels close to normal human conversation (Gupta et al., 2023; Roumeliotis & Tselikas, 2023). Itis built on
what is called the Generative Pre-trained Transformer (GPT) model and was trained on large amounts of text so it
canrecognize patterns in language and produce meaningful replies. In everyday terms, it works like a digital helper.
It can explain topics, answer questions, summarize materials, and assist with different types of academic work
(King & ChatGPT, 2023).

In schools and universities, ChatGPT is mostly used as an extra support tool, not as a replacement for teachers
(Phokoye et al., 2025). Students can ask questions whenever they want and get quick feedback, which can be useful
especially outside lecture hours (Kasneci et al., 2023). Unlike textbooks that only present fixed information,
ChatGPT allows interaction. Until the concept becomes obvious, a student can repeat a question in a different way,
ask for more explanation, or seek simpler examples. This back-and-forth approach can help make complex ideas
easier to understand, especially in a topic like chemistry where many concepts are abstract and occasionally hard
to visualise. Additionally, some researchers contend that the use of these tools might motivate students to assess
their comprehension and think more deeply about what they are learning (Dwivedi et al., 2023).

Historical Background of ChatGPT
ChatGPT is part of a longer story in the development of artificial intelligence (Al) and natural language processing
(NLP). It is the outcome of multiple phases of technological advancement over time (Gupta et al., 2023).

Early Developments in Al and NLP

Before modern systems like ChatGPT, earlier Al programs depended mainly on strict rules or simple statistical
methods. They were able to perform certain activities, such interpreting sentences or providing brief, factual
answers, but they frequently faltered when the situation became more complicated (Roumeliotis and Tselikas,
2023). The introduction of the "transformer" paradigm by Vaswani et al. (2017) marked a significant turning point.
This design helped computers pay attention to how words relate to each other across an entire sentence or
paragraph. That development later became the foundation for the GPT series.

Evolution of the GPT Models

GPT-1 (2018): This was the first model in the series. It showed that a system trained on a large body of text could
later be adjusted to perform different language tasks. It showed encouraging results, albeit being smaller than later
iterations (Gozalo-Brizuela & Garrido-Merchan, 2023).

GPT-2 (2019): This version was much larger and could produce more natural and connected text. Its complete
public dissemination was initially restricted due to worries about potential abuse (Khan et al., 2024).

GPT-3 (2020): GPT-3 was a significant advancement. It could compose essays, solve problems, and even help with
coding chores because it had a lot more parameters than previous iterations. Many observers noted that it
performed surprisingly well with minimal instructions (Roumeliotis and Tselikas, 2023).

Birth of ChatGPT (2022)

On November 30, 2022, OpenAl introduced ChatGPT, which was based on GPT-3.5 but specially refined for
conversation using Reinforcement Learning from Human Feedback (RLHF). This training method aimed to improve
how the system responded in interactive dialogue. It was one of the fastest-growing digital sites at the time,
apparently gaining over a million users globally in just five days (Goodman et al., 2023).

Subsequent Advancements
GPT-4 (2023): Along with the addition of text and image processing capabilities, GPT-4 improved reasoning and
accuracy. This expanded its possible use in academic and professional settings (Ray, 2023).
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Continuous Updates (2023-2024): OpenAl enhanced ChatGPT with features such as conversation history, plugins,
web browsing, and integration with productivity tools, expanding its application in education, research, and
professional sectors (Ray, 2023).

GPT-5 (2025): By mid-2025, OpenAl released GPT-5, which further improved contextual understanding, accuracy,
and personalization. It incorporated real-time model switching and optimized responses for different use cases,
making it more adaptable in academic environments, including science education (Al-Jahwari and Yousif, 2024;
OpenAl, 2025; Shalawati et al., 2026). The Table 1 below shows the timeline for evolution of ChatGPT.

Table 1. Summary timeline of ChatGPT’s development.

Year Milestone

2017 Transformer architecture introduced by Vaswani et al.

2018 GPT-1 released (117M parameters)

2019 GPT-2 released (1.5B parameters), initially restricted

2020 GPT-3 launched (175B parameters) with few-shot learning

November 2022 ChatGPT released based on GPT-3.5 with RLHF

March 2023 GPT-4 integrated into ChatGPT (multimodal, improved reasoning)

2025 GPT-5 launched with improved accuracy and personalization

Source: Vaswani et al. (2017); Ray, 2023; Al-Jahwari and Yousif, 2024; OpenAl, 2025; Shalawati et al., 2026).
This table shows the accuracy level of the latest version of GPT-5 from the transformer architecture introduced
above to the efficacy of ChatGPT in education.

ChatGPT in Education

Since ChatGPT came out, it is really started to change how students’ study. At first, many teachers were not sure
aboutit, but students and researchers began noticing that it can be a useful helper - someone to guide them through
tricky topics, give explanations, and work through problems (Kasneci et al., 2023). It gives answers quickly, explains
complicated ideas, and can adjust to what a student asks, which makes it handy for subjects like Chemistry that
need thinking, reasoning, and problem-solving.

Merits of ChatGPT in Chemistry Education
Uninterrupted Access: Students can ask questions anytime, not just in class. This is helpful for completing
homework, getting ready for tests, or even practice teaching (Ray, 2023).

Explains in Various Ways: If a step is unclear to a student, it may be explained in a different way. Organic reactions,
for instance, can be perplexing, but ChatGPT can explain them step-by-step until they make sense (Kasneci et al.,
2023).

Makes Hard Topics Easier: Chemistry has abstract ideas like atoms, bonds, and reaction speeds. ChatGPT can
put them in simple words, give examples, or even generate practice questions to help students get it (Alli, 2025).

Assists With Calculations: It can demonstrate how to solve stoichiometry, titration, and chemical equilibrium
problems by providing students with worked examples.

Promotes Self-Study: Students can verify information on their own without waiting for the next lesson and take
charge of their learning (Shalawati et al., 2026).

Gives Extra Resources: It can suggest articles, summarize research, or give project ideas, which is useful for final-
year students doing projects or literature reviews (Abdelghani et al., 2024).

Maintains Student Engagement: Studying feels less tedious since it functions as a dialogue. Students may be
inspired to study more regularly as a result (Aktay et al., 2023).

Aids Where Resources Are Limited: Textbooks are frequently out of date and classrooms in Nigeria can be
overcrowded. To fillin the blanks, ChatGPT can provide additional explanations (Dwivedi et al., 2023).

Demerits of ChatGPT in Chemistry Education

Risk of Inaccurate or Fabricated Information: ChatGPT sometimes provides scientifically incorrect or fabricated
references. For Chemistry students, even minor inaccuracies in equations, constants, or experimental procedures
can lead to misconceptions (Rahman and Watanobe, 2023).
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Overdependence and Reduced Critical Thinking: If students rely excessively on ChatGPT for answers, they may
neglect critical problem-solving skills, creativity, and analytical reasoning, which are essential in higher education
and future teaching careers (Saurini, 2023).

Academic Integrity and Plagiarism: Some students may misuse ChatGPT to generate assignments, term papers,
or project drafts without genuine understanding. This undermines academic integrity and prevents actual learning
(Zhai, 2022).

Lack of Human Emotional and Pedagogical Understanding: Unlike human lecturers, ChatGPT cannot identify
students’ emotional needs, encourage them during frustration, or adjust teaching styles to suit personality
differences (Yu, 2024).

Digital Divide and Infrastructure Challenges: Limited internet access, poor electricity supply, and low digital
literacy levels in some parts of Nigeria may hinder equitable access to ChatGPT among students (Dwivedi et al.,
2023).

Ethical and Privacy Concerns: Students may unknowingly share sensitive personal or academic information with
ChatGPT, raising concerns about privacy and ethical usage of Al systems (Khalil & Er, 2023).

Potential to Undermine Teacher Authority: If students begin to value ChatGPT responses over lecturers’ input, it
may reduce classroom discipline, undermine teacher authority, and affect teacher-student relationships (Amjad,
2024).

Concept of Problem-Solving Abilities

Problem-solving abilities is widely recognized as a fundamental adaptable cognitive process and a core 21st-
century skillin education (Adeoye & Jimoh, 2023), involving the identification, analysis, and resolution of challenges
through systematic thinking, reasoning, and application of knowledge (Prabawati & Agustika, 2021). In educational
contexts, particularly in higher education and STEM disciplines like Chemistry, problem solving abilities is defined
as the ability to understand a problem situation, devise effective strategies, execute solutions, and evaluate
outcomes, often in complex, ill-structured, or novel scenarios (Ventura-Ledn et al., 2025). It encompasses both
cognitive (e.g., analytical reasoning, pattern recognition) and metacognitive elements (e.g., planning, monitoring,
reflection), enabling students to navigate real-world issues where straightforward answers are absent (Chen et al.,
2025).

OECD (2026) emphasize that problem solving goes beyond rote application of formulas or procedures; it requires
higher-order thinking skills such as critical analysis, creativity, evaluation of alternatives, and adaptation to new
information (For instance, in higher education, problem solving is viewed as essential for building metacognitive
awareness, self-efficacy, and independent learning, allowing students to tackle ambiguous tasks with confidence
and persistence (Akgun & Sharma, 2023). In the era of Al integration, problem solvingis increasingly seen as a hybrid
human-Al process, where tools like ChatGPT can support strategy generation and exploration but may risk
diminishing independent critical evaluation if over-relied upon (Nasr et al., 2025; Saurini, 2023).Problem solving
ability in students is closely linked to academic performance, creativity, innovation, and future employability, as it
equips learners to handle uncertainty, make evidence-based decisions, and adapt to dynamic challenges in fields
like Chemistry (Chen et al., 2025). Educational researchers stress that fostering this skill requires deliberate
instructional design, including real-world tasks, reflective practices, and scaffolding to develop both domain-
specific expertise and general transferable competencies (OECD, 2026).

Types of Problem Solving

Problem solving in educational and psychological contexts is categorized into several distinct types, each reflecting
different cognitive demands, contexts, and strategies. These classifications help explain how students, particularly
in Chemistry, approach challenges ranging from routine calculations to complex experimental design.

Well-Structured (Routine) Problem Solving: Well-structured problems are clearly defined, have known solution
paths, and usually possess a single correct answer. In Chemistry education, these include standard stoichiometric
calculations, balancing chemical equations, or predicting reaction products using established rules (Hagos, 2025).
Students apply memorized algorithms or formulas with minimal ambiguity (Jamil et al., 2024). This type relies
heavily on procedural knowledge and is common in textbook exercises and examination questions.

Structured (Open-Ended) Problem Solving: Structured problems are characterized by unclear goals, multiple
possible solutions, incomplete information, and subjective evaluation criteria. Examples in Chemistry include
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designing an experiment to identify an unknown compound, optimizing reaction conditions for maximum yield, or
troubleshooting unexpected results in a practical session. This type demands higher-order thinking, creativity,
critical evaluation of evidence, and integration of conceptual understanding with real-world constraints (Raman et
al., 2024).

Domain-Specific vs. Domain-General Problem Solving: Domain-specific problem solving involves applying
specialized knowledge within a particular field (e.g., using Le Chatelier’s principle to predict equilibrium shifts in
Chemistry), while domain-general problem solving relies on transferable strategies such as means-ends analysis,
analogy, or trial-and-error that apply across disciplines (Sarwari & Kakar, 2023). In Chemistry education, effective
problem solvers blend both using domain-specific content knowledge with general metacognitive strategies.

Collaborative vs. Individual Problem Solving: Collaborative problem solving occurs when students work in groups
to share ideas, negotiate solutions, and divide tasks, often leading to richer outcomes in complex scenarios such
as group practical investigations. Individual problem solving, by contrast, emphasizes personal reasoning and self-
regulation (Aziza, 2021; Hurrel, 2021). Kokol et al. (2023) shows that Al tools like ChatGPT can influence both modes
by providing instant suggestions, potentially altering group dynamics or reducing independent effort.

Importance of Problem-Solving Ability

Problem-solving ability is widely regarded as one of the most valuable competencies in 21st-century education,
especially in STEM disciplines like Chemistry, where it underpins both academic success and real-world
application. Sarwari and Kakar (2023) consistently emphasize its critical role that students who can solve problems
effectively move beyond rote memorization to integrate concepts such as atomic structure, bonding,
thermodynamics, and kinetics into coherent mental models (Bayarcal & Tan, 2023). This leads to better retention,
transfer of knowledge to novel situations, and success in complex tasks like experimental design or data
interpretation.

Secondly, problem solving fosters higher-order thinking skills analysis, synthesis, evaluation, and creation as
outlined in revised Bloom’s taxonomy. In Chemistry education, it enables students to critique experimental
methods, evaluate evidence, and innovate solutions to practical challenges, preparing them for scientific inquiry
and research (Chen et al., 2025). It significantly boosts academic performance and self-efficacy. Adeoye and Jimoh
(2023) and Shanta and Wells (2022) posited that students with well-developed problem-solving abilities perform
better in Chemistry examinations, practical assessments, and project work, while also reporting greater confidence
in tackling difficult tasks (Rahmawati et al., 2022). Problem-solving ability is essential for employability and lifelong
learning. Employers in chemical industries, research, and education value graduates who can diagnose issues,
adapt to new technologies, and innovate under uncertainty skills directly linked to effective problem solving (Kinge
et al., 2020).

Moreso, in the means of emerging technologies like Al, strong problem-solving ability ensures students remain
active learners rather than passive users of tools like ChatGPT. It equips them to critically evaluate Al-generated
suggestions, verify accuracy, and integrate outputs meaningfully into their reasoning process (AlBlooshi, 2026;
Walter, 2024).

Impact of Al on Problem-Solving Abilities

The emergence of generative artificial intelligence tools like ChatGPT has profoundly influenced students’ problem-
solving processes, with mixed effects documented in different research (Agnaou & El Asri, 2025; Alghamdi, 2025;
Bai & Wang, 2025; Elhag et al., 2025; Nasr et al., 2025). While, Al offers powerful support, it also raises concerns
about dependency and skill erosion (Gerlich, 2025; Macnamara et al., 2024). Positive impacts are well documented
(Chaudhary et al., 2024; Klimova and Pikhart, 2025). ChatGPT and similar large language models (LLMs) serve as
on-demand cognitive scaffolds, helping students break down complex Chemistry problems, generate multiple
solution pathways, explain concepts in multiple ways, and provide instant feedback on reasoning steps (Studies
show that when used strategically, Al enhances exploration of ideas, reduces cognitive load on routine tasks, and
allows students to focus on higher-order aspects such as evaluation and synthesis (Chaudhary et al., 2024).

In Chemistry, students have reported improved understanding of reaction mechanisms, equilibrium problems, and
experimental troubleshooting when using Al for initial guidance or alternative explanations. Over-reliance on Al can
negatively affect independent problem-solving ability. Research indicates that frequent use of ChatGPT for direct
answers or step-by-step solutions may weaken students’ ability to engage in deep, effortful thinking, leading to
shallower processing, reduced metacognitive monitoring, and diminished persistence when faced with difficult
problems without Al support (Tsao and Loh, 2025; Ventura-Ledn et al., 2025). Several studies such as Qadir (2023)
and Vieriu and Petrea (2025) found that students who habitually copy Al-generated solutions without critical
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evaluation showed lower performance on unaided problem-solving tasks and reduced confidence in their own
reasoning.

Additionally, Al can introduce biases or inaccuracies (hallucinations) in Chemistry explanations, potentially leading
students to accept incorrect information if they lack sufficient domain knowledge to verify outputs (AlBlooshi,
2026). This necessitates the importance of critical Al literacy teaching students to question, cross-check, and refine
Al suggestions. In general, the impact of Al on problem-solving ability appears to be moderated by usage patterns,
instructional design, and student proficiency. When integrated thoughtfully (e.g., as a brainstorming tool rather than
a final answer provider), ChatGPT can augment rather than replace human problem-solving skills in Chemistry
education (Khalil & Er, 2023; Zou & Huang, 2023).

Factors Hindering Problem-Solving Abilities of Students
Severalinterrelated factors continue to impede the development and expression of problem-solving abilities among
students, including those in Chemistry programmes.

Over-Reliance on Memorization and Algorithmic Approaches: Many educational systems, including in Nigeria,
emphasize rote learning and plug-and-chug problem solving, which discourages flexible thinking and deep
conceptual understanding essential for novel or ill-structured problems (Kehinde and Adeyemi, 2025).

Limited Exposure to Authentic, Open-Ended Problems: Curriculum and assessment practices often favor well-
structured, single-answer questions, reducing opportunities for students to practice tackling ambiguity, multiple
solutions, or real-world applications (Vincent-Lancrin et al., 2019).

Inadequate Metacognitive Training: Students frequently lack explicit instruction in planning, monitoring, and
evaluating their own problem-solving processes, leading to inefficient strategies and poor self-regulation (Li et al.,
2024).

Anxiety, Low Self-Efficacy, and Fixed Mindsets: High anxiety in Chemistry problem solving, low confidence in
one’s abilities, and belief that problem-solving skill is innate rather than developable significantly hinder
persistence and risk-taking (Jayson & Orongan, 2025).

Over-Dependence on Al Tools: Excessive reliance on ChatGPT for instant solutions can reduce cognitive effort,
weaken independent reasoning, and create a false sense of competence when Al is unavailable (Matueny &
Nyamai, 2025).

Resource and Pedagogical Constraints: In resource-limited settings like many Nigerian Colleges of Education,
insufficient laboratory facilities, large class sizes, and limited time for inquiry-based activities restrict hands-on
practice and guided problem-solving experiences (Ngaine, 2026).

Empirical Review

The results of numerous studies examining the impact of digital learning aids on students' problem-solving abilities
are inconsistent. It appears that the subject, the method of instruction, and the usage of the instruments all have a
significant impact on the result. ChatGPT role in STEM education were investigated by Karani and Mwancha (2025).
They sought to determine whether these resources could improve students' involvement, creativity, and problem-
solving skills. They looked for studies published after November 2022 in databases like Google Scholar, PubMed,
Scopus, and Web of Science using a PRISMA-guided systematic review. They discovered that with appropriate
application, these resources can support students' independent thought processes and critical problem-solving.
However, the advantages diminish if students depend on them excessively. The study highlighted both the good and
the bad sides of using digital tools in STEM learning.

Hidayat-ur-Rehman and Ibrahim (2024) explored why teachers decide to adopt platform such as ChatGPT. They
created a model called “Educators’ Adoption of ChatGPT,” combining ideas from the Unified Theory of Acceptance
and Use of Technology and the Status Quo Bias framework. They discovered that teachers' motivation, simplicity of
use, digital skills, and expectations of student engagement promoted uptake through interviews and a survey of 243
educators. However, use was discouraged by worries about students relying too heavily on the tools, content errors,
and unfair grading. Interestingly, worries about cheating did not really stop teachers from adopting the tools.

Arroyo-Bello et al. (2025) looked at health sciences education. They examined 18 papers on digital learning
platforms published between 2023 and the beginning of 2025. Students were using these tools to help with writing,
understanding tricky concepts, making quizzes, desighing simulations, and planning coursework. However, there
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were also challenges, such as content errors, moral dilemmas, unequal access, and inadequate teacher and
student preparation. The review came to the conclusion that, when used appropriately, these tools can support
teaching and learning by providing individualised assistance, prompt feedback, and additional resources. However,
teachers and students must remain vigilant, verify the authenticity of the content, and ensure that the tools do not
take the place of real learning.

Durgungoz and Kharrufa's (2025) longitudinal study investigates the use of Large Language Models (LLMs), hamely
ChatGPT, in students' self-directed learning practices. Quantitative research indicates that ChatGPT, as a
discussion partner and a trustworthy source of academic assistance, fosters an engaging and instructive learning
environment. ChatGPT demonstrated a special capacity to improve students' educational experiences through
personalised help, cognitive load reduction, and conversational engagements that resembled those of a human.
Fakour and Imani (2025) examined how ChatGPT and human tutors differed perceptually in encouraging students
to think critically, emphasising the value of Socratic teaching techniques in contemporary educational settings. The
study used a mixed-methods approach, including quantitative surveys and qualitative interviews, and involved 230
Taiwanese university students as a sample. The findings show that although a sizable percentage of student’s value
ChatGPT's nonjudgmental attitude and accessibility, human tutors are valued for their capacity to offer
individualised feedback and emotional support. The study found important characteristics influencing student
choices through threshold analysis using a Multilayer Perceptron (MLP) model, highlighting the necessity of a
balanced mix of Al and human tutoring techniques. The results highlight how crucial it is to create hybrid learning
models that improve student learning and critical thinking abilities by utilising both the advantages of human
facilitators and the effectiveness of Al technologies.

The Study of ChatGPT in Academia: University students' attitudes towards the use of ChatGPT and plagiarism was
conducted by Fajt and Schiller (2025). This mixed-methods study focused on ChatGPT's role in education and
looked at how it was incorporated into scholarly discourse. ChatGPT, an Al chatbot that uses the GPT model, has
several advantages, including better accuracy in academic work and improved plagiarism detection. The study
examined how a sample of 607 university students in Hungary used and perceived ChatGPT in relation to gender,
educational background, and past Al experience. Additionally, it looks at the possible connection between
students' propensity to plagiarise and their readiness to use ChatGPT. The results showed that people had a
generally favourable opinion of ChatGPT, but they also raised worries about possible abuse. By offering insights and
suggestions to strike a balance between technological innovation and the maintenance of academic integrity, this
helped to responsibly integrate Al in education.

Using insights from a meta-analysis, Wang and Fan (2025) investigated how ChatGPT affected students' learning
performance, perceptions of learning, and higher-order thinking. The study especially examined how well ChatGPT
works to enhance students' learning performance, perception of learning, and higher-order thinking by meta-
analyzing 51 papers that were published between November 2022 and February 2025. According to the findings,
ChatGPT significantly improves learning performance and has a fairly beneficial effect on raising learning
perception and encouraging higher-order thinking. Course type, learning model, and duration all influenced
ChatGPT's impact on learning performance; duration moderated its effect on learning perception; and ChatGPT's
role and course type moderated its influence on the development of higher-order thinking. The study makes the
following recommendations: (1) when using ChatGPT to help students develop higher-order thinking skills, suitable
learning scaffolds or educational frameworks (such as Bloom's taxonomy) should be made available; (2)
widespread use of ChatGPT across grade levels and course types should be promoted in order to accommodate a
range of learning needs; (3) ChatGPT should be actively incorporated into various learning modes to improve
student learning, particularly in problem-based learning; (4) ChatGPT should be used continuously to support
student learning, with a recommended duration of 4-8 weeks for more stable effects; and (5) ChatGPT should be
flexibly integrated into teaching as an intelligent tutor, learning partner, and educational tool. Lastly, future research
with a wider focus should investigate how to use ChatGPT more successfully to foster students' learning perception
and higher-order thinking because of the small sample size for learning perception and higher-order thinking and
the somewhat beneficial effect.

The problems, prospects, and teacher perspectives of generative Al-enhanced stem education in Taiwan's
secondary schools were examined by Tsao and Loh (2025). This study examined the main learning resources used
by Taiwanese technology instructors and how they use Generative Al (GenAl) into STEM teaching. Only 8% of
teachers use GenAl for student performance evaluation, while 44% of teachers use it primarily for lesson
preparation and creative material, according to a quantitative survey of 67 technology teachers in Taiwan with
students aged 13 to 15. Professional development classes, educational technology conferences, and online
learning platforms are the main ways that teachers learn about GenAl; the latter is particularly important for its use
in assessing student performance. These findings highlight the need for focused Al-driven tools to support a wider
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range of instructional tasks in STEM teaching and imply that increasing instructors' participation with GenAl through
online platforms could greatly increase its successful use in assessment.

In a previous but significant study, Rahman and Watanobe (2023) examined ChatGPT for research and education:
opportunities, risks, and solutions. According to their findings, Al greatly improved students' capacity to tackle
poorly organised issues and their metacognitive regulation when it was employed as a dialogic partner-that is, by
encouraging introspection, challenging presumptions, and offering counterexamples. However, it resulted in less
learning transfer to other contexts and poorer cognitive engagement when utilised mainly as an answer key. These
studies show that ChatGPT and related generative Al technologies have a great deal of promise to enhance
problem-solving skills by increasing idea generation, providing scaffolding, and providing instant feedback-
especially when carefully included into instructional design. However, the research continuously cautions about
the dangers of over-reliance, such as impaired metacognitive abilities, diminished autonomous reasoning, shallow
processing, and susceptibility to Al errors. The results emphasise the value of teaching methods that encourage
critical, reflective, and active interaction with Al outputs as opposed to passive consumption. This collection of data
offers a solid empirical foundation for investigating the precise impacts of ChatGPT on students' problem-solving
skills.

Theoretical Review

The theoretical framework for this study leans on two ideas that work well together: Vygotsky’s Zone of Proximal
Development (ZPD) and Sweller’s Cognitive Load Theory (CLT). They help explain how tools like ChatGPT can either
help or sometimes get in the way of students learning to solve problems.

Vygotsky’s Zone of Proximal Development Theory

Vygotsky’s Zone of Proximal Development (ZPD) theory of 1978 represents the gap between what a learner can
accomplish independently and what they can accomplish with assistance (Panhwar et al., 2025). This theory posits
that meaningful learning occurs most effectively when a learner engages with tasks that lie just beyond their current
level ofindependent performance but can be accomplished successfully with appropriate guidance from a teacher,
peer, or even a supportive tool such as ChatGPT. The ZPD represents the critical developmental space between
what a student can do alone and what they can achieve with assistance (Times Higher Education, 2026).

The Application of This Theory in This Study: ChatGPT functions as a dynamic, digital scaffold within the student’s
ZPD. It provides immediate, personalized, and adaptive support by explaining complex Chemistry concepts such
as reaction mechanisms, thermodynamics, or equilibrium shifts; breaking multi-step problems into manageable
parts; offering hints, alternative solution pathways, or worked examples; prompting reflection on reasoning
processes; and delivering real-time corrective feedback. Recent educational research has extended Vygotsky’s
original ideas to generative Al, demonstrating that tools like ChatGPT act as continuous, on-demand scaffolds that
are accessible 24/7 and can adjust the level of guidance to match the learner’s evolving needs. When students
actively engage with ChatGPT by questioning its suggestions, refining prompts, and verifying outputs they operate
within their ZPD, which fosters deeper conceptual understanding, greater confidence, and improved independent
problem-solving capacity over time. However, the theory also cautions that if ChatGPT supplies complete solutions
without requiring meaningful effort from the student, it effectively collapses the ZPD, bypassing the developmental
zone and leading to dependency rather than genuine growth (Xi & Lantolf, 2021).

Complementing Vygotsky’s framework is John Sweller’s Cognitive Load Theory (CLT) emerged in 1988 as a theory
that looks at how people process information in the brain (Martella et al., 2024), which explains how the human
cognitive architecture processes information under three distinct types of cognitive load: intrinsic (the inherent
complexity of the material, such as abstract concepts in Chemistry), extraneous (unnecessary cognitive demand
caused by poor instructional presentation), and germane (effort devoted to schema construction and deep,
meaningful learning) (Sweller et al., 2019). Sweller argues that working memory is limited, so effective instruction
must minimize extraneous load, manage intrinsic load, and maximize germane load to promote schema acquisition
and transfer of knowledge.

The Application of This Theory in This Study: In the context of ChatGPT use among Chemistry students, CLT
provides a clear explanatory mechanism. When employed strategically, ChatGPT reduces extraneous cognitive
load by delivering clear, step-by-step explanations, visual analogies, and worked examples for inherently complex
topics, thereby freeing working memory resources for germane processing building robust mental schemas, making
conceptual connections, and solving problems creatively. Conversely, when students habitually copy full Al-
generated solutions without engaging deeply, this form of cognitive offloading prevents germane load, resulting in
shallow processing, fragile knowledge structures, and poor transfer to unaided problem-solving situations. Recent
applications of CLT to generative Al in STEM education have shown that when ChatGPT is used as a supportive
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partner offering hints, prompting reflection, and encouraging evaluation of outputs it optimizes cognitive load
distribution and enhances problem-solving performance (Gkintoni et al., 2025; Lawson et al., 2024). In contrast,
when it serves primarily as a direct answer provider, it risks increasing long-term extraneous load by reducing the
student’s active role in schema construction.

The integration of Vygotsky’s ZPD/scaffolding theory and Sweller’s Cognitive Load Theory forms a cohesive
theoretical foundation for this investigation. ChatGPT operates as a dynamic scaffold within the student’s Zone of
Proximal Development, delivering just-in-time guidance that adapts to their current level of understanding in
Chemistry. It manages cognitive load by minimizing extraneous demands on working memory, allowing students to
allocate greater resources to germane processing and meaningful schema development processes central to
building strong problem-solving ability. The core theoretical proposition guiding this study is that optimal, guided
use of ChatGPT as a scaffold rather than a crutch will expand the ZPD, optimize cognitive load distribution, and
significantly enhance students’ independent problem-solving ability in both conceptual and practical Chemistry
tasks. On the other hand, excessive dependence on ChatGPT for complete solutions will shrink the ZPD,
misallocate cognitive resources, and lead to a measurable decline in unaided problem-solving performance. This
dualtheoretical perspective provides the conceptual structure for analysing how students utilize ChatGPT and how
these usage patterns ultimately shape their ability to independently solve Chemistry problems.

Conclusion and Future Outlook

This review study has critically examined the impact of ChatGPT on students’ problem-solving abilities in Chemistry
education, synthesizing conceptual, theoretical, and empirical evidence across global and Nigerian contexts. The
findings collectively suggest that ChatGPT holds substantial potential as a cognitive scaffold capable of enhancing
conceptual understanding, analytical reasoning, and procedural fluency in Chemistry. Its ability to provide instant
feedback, simplify abstract concepts, generate alternative solution pathways, and offer personalized explanations
positions it as a powerful supplementary learning tool. When integrated strategically, ChatGPT can reduce
extraneous coghnitive load, expand students’ Zone of Proximal Development, and promote active engagement in
complex problem-solving tasks.

In resource-constrained environments, particularly within Nigerian tertiary institutions, it may also serve as a bridge
to mitigate instructional gaps and improve access to academic support. However, the review equally underscores
the risks associated with unregulated and excessive reliance on Al tools. Empirical evidence consistently highlights
the possibility of cognitive dependency, superficial processing, diminished metacognitive regulation, and reduced
independent analytical reasoning when students outsource problem-solving tasks entirely to ChatGPT. Such
patterns threaten the development of higher-order thinking skills that are foundational to Chemistry education and
scientific inquiry.

The central implication is therefore not whether ChatGPT should be adopted, but how it should be integrated
pedagogically to preserve intellectual rigor while maximizing its benefits. Looking ahead, future research should
move beyond perception-based studies to longitudinal and experimental designs that measure unaided problem-
solving performance over time. There is a pressing need to investigate how different usage models such as Al as a
brainstorming partner, reflective prompt generator, or evaluative assistant affect transfer of learning, retention, and
creativity in Chemistry contexts.

Additionally, localized studies within developing educational systems are essential to understand infrastructural
and curricular influences on Al effectiveness. From a policy and practice perspective, institutions should develop
structured Al integration frameworks that incorporate digital literacy training, ethical guidelines, and assessment
reforms that emphasize reasoning over reproduction. Rather than positioning ChatGPT as a replacement for human
instruction, educators must leverage it as a guided scaffold that stimulates inquiry, reflection, and critical
evaluation. Ultimately, the future of Chemistry education lies in a blended human-Al partnership where
technological innovation enhances, rather than erodes, students’ independent problem-solving competence and
readiness for scientific practice in an increasingly digital world.

Declarations

Acknowledgments: The authors acknowledge with gratitude the contributions of previous researchers whose
published works have provided a strong foundation for this review.

Artificial Intelligence (Al) Use Statement: The authors declare that no artificial intelligence (Al) tools were used in
the preparation of this manuscript.

Author Contributions: AAO: Conceptualization, definition of intellectual content, implementation of study
protocol, and manuscript review; AAO: Study design, data organization and interpretation, literature survey,

(10]



Bulletin of Education and Language

manuscript preparation, editing, and revision; AOM: Conceptualization, study design, literature review, and
preparation of the initial manuscript draft; AEO: Conceptualization, literature review, and critical manuscriptreview.
Conflict of Interest: The authors confirm that there are no conflicts of interest associated with this publication.
Consent to Publish: All authors have read and approved the final manuscript and consent to its publication in
Bulletin of Education and Language.

Data Availability Statement: This manuscript is based entirely on previously published studies, and no new data
were generated or analyzed during this research.

Funding: The authors received no financial support for this research.

Institutional Review Board Statement: This study did not require ethical approval, as it is a review of existing
literature and does not involve direct interaction with human or animal subjects.

Informed Consent Statement: Not applicable, as no primary data involving human participants were collected.
Research Content: The research content of manuscript is original and has not been published elsewhere.

References

1. Abdelghani, R., Wang, Y. H., Yuan, X., Wang, T., Lucas, P., Sauzéon, H., & Oudeyer, P. Y. (2024). GPT-3-driven
pedagogical agents to train children’s curious question-asking skills. International Journal of Artificial
Intelligence in Education, 34(2), 483-518.

2. Adebayo, M., & Johnson, T. (2023). Al tools and peer review in academia. Nigerian Journal of Educational
Technology, 15(2), 66-82.

3. Adeleke, R. A. (2022). The unregulated rise of Al tools in Nigeria's education sector. African Journal of
Educational Policy, 4(2), 32-45.

4. Adeoye, M. A., &Jimoh, H. A. (2023). Problem-solving skills among 21st-century learners toward creativity and
innovation ideas. Thinking Skills and Creativity Journal, 6(1), 52-58.

5. Adewale, M. D., Azeta, A., Abayomi-Alli, A., & Sambo-Magaiji, A. (2024). Impact of artificial intelligence adoption
on students' academic performance in open and distance learning: A systematic literature
review. Heliyon, 10(22), e40025.

6. Agnaou, A., & El Asri, H. (2025). Artificial intelligence and collaborative learning: Impacts on creativity, critical
thinking, and problem-solving. Journal of Educational Research and Practice, 15(1), 21.

7. Akgun, M., & Sharma, P. (2023). Exploring epistemic agency in students’ problem-solving
activities. Interdisciplinary Journal of Environmental and Science Education, 19(1), e23083.

8. Aktay, S., Gok, S., & Uzunoglu, D. (2023). ChatGPT in education. Tirk Akademik Yayinlar Dergisi (TAY
Journal), 7(2), 378-406.

9. AlBlooshi, S. (2026). Artificial intelligence in higher education: Opportunities and challenges—A review.
Frontiers in Education, 10, 1683968.

10. Alghamdi, A. A. (2025). University students’ perceptions of generative Al for critical thinking and creativity: The
influence of self-efficacy and disciplinary differences. Innovations in Education and Teaching International, 1-
15.

11. Al-Jahwari, M., & Yousif, M. J. (2024). The impact of Al tools on education: ChatGPT in focus. Artificial
Intelligence & Robotics Development Journal, 4(4), 314-336.

12. Alli, A. O. (2025). A review of the potential of artificial intelligence (Al) in enhancing chemistry education.
International Journal of Recent Innovations in Academic Research, 9(2), 31-43.

13. Amjad, B. (2024). Over-reliance of students on artificial intelligence. European Tech News.
https://europeantech.news/over-reliance-of-students-on-artificial-intelligence-by-bakhtawar-amjad-apr-
2024/

14. Arroyo-Bello, E., Gonzalez-Toledo, B., Abad-Valle, J., Rodriguez-Gémez, P., Garrigues-Ramén, M., & Gomez I, P.
R. (2025). Exploring the challenges and opportunities of ChatGPT in university teaching for health sciences: A
narrative review. Cureus, 17(10), e94259.

15. Aziza, M. (2021). A teacher questioning activity: The use of oral open-ended questions in mathematics
classroom. Qualitative Research in Education, 10(1), 31-61.

16. Bai, Y., & Wang, S. (2025). Impact of generative Al interaction and output quality on university students’ learning
outcomes: a technology-mediated and motivation-driven approach. Scientific Reports, 15(1), 24054.

17. Baidoo-Anu, D., & Ansah, L. O. (2023). Education in the era of generative artificial intelligence (Al):
Understanding the potential benefits of ChatGPT in promoting teaching and learning. Journal of Al, 7(1), 52-62.

(11]


https://europeantech.news/over-reliance-of-students-on-artificial-intelligence-by-bakhtawar-amjad-apr-2024/
https://europeantech.news/over-reliance-of-students-on-artificial-intelligence-by-bakhtawar-amjad-apr-2024/

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bulletin of Education and Language

Bayarcal, G. C., Tan, D. A. (2023). Students’ achievement and problem-solving skills in mathematics through
open-ended approach. American Journal of Educational Research, 11(4), 183-190.

Bello, A., & Hassan, R. (2022). Awareness and use of Al tools in Nigerian university libraries. Library Trends in
Africa, 10(1), 12-25.

Blahopoulou, J., & Ortiz-Bonnin, S. (2025). Student perceptions of ChatGPT: benefits, costs, and attitudinal
differences between users and non-users toward Al integration in higher education. Education and Information
Technologies, 30(14), 19741-19764.

Chaudhary, A. A, Arif, S., Calimlim, R. F.,, Khan, S. Z., & Sadia, A. (2024). The impact of Al-powered educational
tools on student engagement and learning outcomes at higher education level. International Journal of
Contemporary Issues in Social Sciences, 3(2), 2842-2852.

Chen, Y., Wang, Y., Wustenberg, T., Kizilcec, R. F.,, Fan, Y., Li, Y., ... & Barnighausen, T. (2025). Effects of generative
artificial intelligence on cognitive effort and task performance: study protocol for a randomized controlled
experiment among college students. Trials, 26, 244.

Durgungoz, A., & Kharrufa, A. (2025). “ChatGPT is like a study buddy, a teacher and sometimes just a friend”: a
longitudinal exploration of students’ interactions, perception and acceptance. Interactive Learning
Environments, 1-20.

Dwivedi, Y. K., Kshetri, N., Hughes, L., Slade, E. L., Jeyaraj, A., Kar, A. K., Baabdullah, A. M., Koohang, A.,
Raghavan, V., Ahuja, M., Albanna, H., Albashrawi, M. A., Al-Busaidi, A. S., Balakrishnan, J., Barlette, Y., Basu, S.,
Bose, I., Brooks, L., Buhalis, D., ... Wright, R. (2023). “So what if ChatGPT wrote it?” Multidisciplinary
perspectives on opportunities, challenges and implications of generative conversational Al for research,
practice and policy. International Journal of Information Management, 71, 102642.

Elhag, A., Al Abri, M., & Yousef, A. M. F. (2025). The effect of generative Al tools (ChatGPT, Gemini, etc.) on
students’ achievement and their motivation towards learning. JOTSE: Journal of Technology and Science
Education, 15(3), 746-759.

Ezurike, N., & Akinsulire, T. (2024). Investigating the awareness and adoption of ChatGPT as a learning tool
among undergraduates in Lagos State, Nigeria. International Journal of Education, Learning and Development,
12(9), 134-154.

Fajt, B., & Schiller, E. (2025). ChatGPT in academia: University students’ attitudes towards the use of ChatGPT
and plagiarism. Journal of Academic Ethics, 23(3), 1363-1382.

Fakour, H., & Imani, M. (2025). Socratic wisdom in the age of Al: A comparative study of ChatGPT and human
tutors in enhancing critical thinking skills. Frontiers in Education, 10, 1528603.

Gerlich, M. (2025). Al tools in society: Impacts on cognitive offloading and the future of critical
thinking. Societies, 15(1), 6.

Gkintoni, E., Antonopoulou, H., Sortwell, A., & Halkiopoulos, C. (2025). Challenging cognitive load theory: The
role of educational neuroscience and artificial intelligence in redefining learning efficacy. Brain Sciences, 15(2),
203.

Goodman, R. S., Patrinely, J. R., Stone Jr, C. A., Zimmerman, E., Donald, R. R., Chang, S. S., ... & Johnson, D. B.
(2023). Accuracy and reliability of chatbot responses to physician questions. JAMA Network Open, 6(10),
€2336483.

Gozalo-Brizuela, R., & Garrido-Merchan, E. C. (2023). ChatGPT is not all you need: A state of the art review of
large generative Al models. arXiv. https://doi.org/10.48550/arXiv.2301.04655

Gungoren, o.c., Erdogan, D. G., & Horzum, M. B. (2026). University students’ acceptance of generative artificial
intelligence tools: a mixed-methods study on opinions, attitudes, and behavioral intentions. BMC Psychology.
14(1), 238. https://doi.org/10.1186/s40359-026-03977-w

Gupta, B., Mufti, T., Sohalil, S. S., & Madsen, D. @. (2023). ChatGPT: A brief narrative review. Cogent Business &
Management, 10(3), 2275851.

Hagos, T. (2025). Progressivism in chemistry education: Emphasizing student-centered learning and real-world
relevance. African Journal of Chemical Education, 15(1), 147-179.

Hidayat-ur-Rehman, I., & Ibrahim, Y. (2024). Exploring factors influencing educators’ adoption of ChatGPT: A
mixed method approach. Interactive Technology and Smart Education, 21(4), 499-534.

Holmes, W., Bialik, M., & Fadel, C. (2019). Artificial intelligence in education: Promises and implications for
teaching and learning (1st ed.). Center for Curriculum Redesign.

(12]


https://doi.org/10.48550/arXiv.2301.04655
https://doi.org/10.1186/s40359-026-03977-w

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Bulletin of Education and Language

Howlader, M. H., Tohan, M. M., Zaman, S., Chanda, S. K., Jiaxin, G., & Rahman, M. A. (2025). Factors influencing
the acceptance and usage of ChatGPT as an emerging learning tool among higher education students in
Bangladesh: a structural equation modeling. Cogent Education, 12(1), 2504224.

Hurrell, D. (2021). Conceptual knowledge or procedural knowledge or conceptual knowledge and procedural
knowledge: Why the conjunction is important to teachers. Australian Journal of Teacher Education, 46(2), 57-
71.

lyamuremye, A., Niyongabo Niyonzima, F., & Twagilimana, I. (2024). Web-based discussion in teaching and
learning organic chemistry: a scoping literature review on its current trends, cognitive, social, and teaching
aspects. Cogent Education, 11(1), 2431947.

Jamil, M., Bokhari, T. B., &Zia, Q. (2024). Qualitative content analysis for critical thinking and skill development:
A case of chemistry curriculum. Journal of Asian Development Studies, 13(1), 147-155.

Jayson, I. J. N., & Orongan, R. C. (2025). Problem solving abilities and anxiety on students’ mathematical
resiliency. International Journal of Research and Innovation in Social Science, 9(3), 3025-3032.

Karani, A. O., & Mwancha, C. N. (2025). The role of ChatGPT in STEM education: Assessing its prospects,
challenges, ethical implications, and influence on student creativity and innovation. International Journal of
Education, Technology and Science, 5(2), 116-138.

Kasneci, E., SeBler, K., Kichemann, S., Bannert, M., Dementieva, D., Fischer, F.,, ... & Kasneci, G. (2023).
ChatGPT for good? On opportunities and challenges of large language models for education. Learning and
Individual Differences, 103, 102274.

Kehinde, D. I., & Adeyemi, E. G., (2025). Pragmatism and learning in Nigerian schools. Studies in Education,
23(1), 104-111.

Khalil, M., & Er, E. (2023). Will ChatGPT get you caught? Rethinking plagiarism detection. In International
Conference on Human-Computer Interaction (pp. 475-487). Springer Nature Switzerland

Khan, N., Khan, Z., Koubaa, A., Khan, M. K., & Salleh, R. B. (2024). Global insights and the impact of generative
Al-ChatGPT on multidisciplinary: a systematic review and bibliometric analysis. Connection Science, 36(1),
2353630.

Kim, N. J., & Kim, M. K. (2022). Teachers’ perceptions of using an artificial intelligence-based educational tool
for scientific writing. Frontiers in Education, 7, 755914.

King, M. R., & ChatGPT. (2023). A conversation on artificial intelligence, chatbots, and plagiarism in higher
education. Cellular and Molecular Bioengineering, 16(1), 1-2.

Kinge, T. R., Wiysahnyuy, L. F., Awah, T. M., & Nkuo-Akeniji, T. (2020). Current statistics in science, technology
and innovation in higher education in Cameroon and the establishment of gender participation. African Journal
of Rural Development, 5(3), 105-142.

Klimova, B., & Pikhart, M. (2025). Exploring the effects of artificial intelligence on student and academic well-
being in higher education: A mini-review. Frontiers in Psychology, 16, 1498132.

Kokol, P., Blazun VoSner, H., & Zavr$nik, J. (2023). ChatGPT and scholarly publishing: Is the academic
community prepared? Scientometrics, 128, 2069-2084.
Lawson, A. P, Martella, A. M., LaBonte, K., Delgado, C. Y., Zhao, F., Gluck, J. A., ... & Mayer, R. E. (2024).

Confounded or controlled? A systematic review of media comparison studies involving immersive virtual reality
for STEM education. Educational Psychology Review, 36(3), 69.

Li, J., Fang, L., Liu, Y., Xie, J., & Wang, X. (2024). Ineffective learning behaviors and their psychological
mechanisms among adolescents in online learning: A narrative review. Behavioral Sciences, 14(6), 477.

Li, M., & Wilson, J. (2025). Al-Integrated scaffolding to enhance agency and creativity in k-12 English language
learners: A systematic review. Information, 16(7), 519.

Macnamara, B. N., Berber, I., Cavusoglu, M. C., Krupinski, E. A., Nallapareddy, N., Nelson, N. E., ... & Ray, S.
(2024). Does using artificial intelligence assistance accelerate skill decay and hinder skill development without
performers’ awareness? Cognitive Research: Principles and Implications, 9(1), 46.

Martella, A. M., Lawson, A. P, & Robinson, D. H. (2024). How scientific is cognitive load theory research
compared to the rest of educational psychology? Education Sciences, 14(8), 920.

Matueny, R., & Nyamai, J. (2025). Illusion of competence and skill degradation in artificial intelligence
dependency among users. International Journal of Research and Scientific Innovation, 12(5), 1725-1738.

(13]



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Bulletin of Education and Language

Mhlongo, S., Mbatha, K., Ramatsetse, B., & Dlamini, R. (2023). Challenges, opportunities, and prospects of
adopting and using smart digital technologies in learning environments: An iterative review. Heliyon, 9(6),
€16348.

Nasr, N. R., Tu, C. H., Werner, J., Bauer, T., Yen, C. J., & Sujo-Montes, L. (2025). Exploring the impact of generative
Al ChatGPT on critical thinking in higher education: Passive Al-directed use or human-Al supported
collaboration? Education Sciences, 15(9), 1198.

Ngaine, L. K. (2026). Examining effectiveness of pedagogical approaches in the implementation of applied
sciences curriculum in public junior secondary schools in Kiambu County. International Journal of Research
and Innovation in Social Science, 10(1), 7304-7323.

Nkiko, M. O. (2021). Interrogating the teaching and learning of chemistry in Nigerian private universities: Matters
arising. Journal of Education and Learning, 10(3), 132-139.

OECD. (2026). Problem solving skills. https://www.oecd.org/content/dam/oecd/en/topics/policy-
issues/future-of-education-and-skills/learning-compass-constructs/Problem%20solving.pdf

Okoye, M., & Nwachukwu, C. (2022). Digital divide and Al utilization in Nigerian higher education. Journal of
African Educational Research, 18(2), 89-101.

OpenAl. (2025). Introducing GPT-5. https://openai.com/index/introducing-gpt-5/

Panhwar, I. A., Usman, M., Panhwar, F., & Surahio, T. A. (2025). Exploring the impact of zone of proximal
development and scaffolding in second language acquisition: a comparative study of Vygotskian and Freirean
approaches. Social Science Review Archives, 3(1), 1166-1176.

Phokoye, S. P., Dlamini, S., Mthalane, P. P,, Luthuli, M., & Moyane, S. P. (2025). A comprehensive review of
ChatGPT in teaching and learning within higher education. Informatics, 12(3), 74.

Popova, M. (2024). Bridging chemistry education research and practice through research-practice
partnerships. Frontiers in Education, 9, 1401835.

Prabawati, P. L. S., & Agustika, G. N. S. (2021). Project-based learning based on STEM (science, technology,
engineering, and mathematics) enhancing students’ science knowledge competence. Jurnal Ilmiah Sekolah
Dasar, 4(4), 621-629.

Qadir, J. (2023). Engineering education in the era of ChatGPT: Promise and pitfalls of generative Al for education.
In 2023 IEEE Global Engineering Education Conference (EDUCON) (pp. 1-9). IEEE

Rahman, M. M., & Watanobe, Y. (2023). ChatGPT for education and research: Opportunities, threats, and
strategies. Applied Sciences, 13(9), 5783.

Rahmawati, Y., Hartanto, O., Falani, I., & Iriyadi, D. (2022). Students' conceptual understanding in chemistry
learning using PhET interactive simulations. Journal of Technology and Science Education, 12(2), 303-326.

Raman, Y., Surif, J., & Ibrahim, N. H. (2024). The effect of problem-based learning approach in enhancing
problem-solving skills in chemistry education: A systematic review. International Journal of Interactive Mobile
Technologies, 18(5), 91.

Ray, P. P. (2023). ChatGPT: A comprehensive review on background, applications, key challenges, bias, ethics,
limitations and future scope. Internet of Things and Cyber-Physical Systems, 3, 121-154.

Roumeliotis, K. I., & Tselikas, N. D. (2023). ChatGpt and open-ai models: A preliminary review. Future
Internet, 15(6), 192.

Rudolph, J., Tan, S., & Tan, S. (2023). ChatGPT: Bullshit spewer or the end of traditional assessments in higher
education? Journal of Applied Learning & Teaching, 6(1), 342-363.

Sarwari, K., & Kakar, A. F. (2023). Developing students’ critical thinking skills through contextual teaching and
learning. Journal of Cognition, Emotion & Education, 1(1), 29-42.

Saurini, E. (2023). Creativity in art and academia: Analyzing the effects of Al technology through the lens of
ChatGPT (Undergraduate thesis, Regis University). Regis University Student Publications.
https://epublications.regis.edu/theses/1102

Shalawati, S., Nasution, A. H., Monika, W., Derin, T., Onan, A., & Murakami, Y. (2026). Beyond BLEU: GPT-5,
human judgment, and classroom validation for multidimensional machine translation evaluation. Digital, 6(1),
8.

Shanta, S., & Wells, J. G. (2022). T/E design based learning: assessing student critical thinking and problem
solving abilities. International Journal of Technology and Design Education, 32(1), 267-285.

(14]


https://www.oecd.org/content/dam/oecd/en/topics/policy-issues/future-of-education-and-skills/learning-compass-constructs/Problem%20solving.pdf
https://www.oecd.org/content/dam/oecd/en/topics/policy-issues/future-of-education-and-skills/learning-compass-constructs/Problem%20solving.pdf
https://openai.com/index/introducing-gpt-5/
https://epublications.regis.edu/theses/1102

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Bulletin of Education and Language

Stanford Report. (2025, July 29). How is ChatGPT impacting schools, really? Stanford researchers aim to find
out.  https://news.stanford.edu/stories/2025/07/chatgpt-open-ai-impact-schools-education-learning-data-
research

Sweller, J., van Merriénboer, J. J. G., & Paas, F. (2019). Cognitive architecture and instructional design: 20 years
later. Educational Psychology Review, 31(2), 261-292.

Times Higher Education. (2026). The zone of proximal development in four stages.
https://www.timeshighereducation.com/campus/zone-proximal-development-four-stages

Tsao, Y. C., & Loh, L. (2025). Generative Al-enhanced STEM education: Exploring challenges, opportunities, and
teacher perspectives in Taiwan’s secondary schools. Design Society.
https://www.designsociety.org/publication/48567/

Utetiwabo, W., Karegeya, C., Gakuba, E., Nkurunziza, J. B., Habiyaremye, J. D. D., Ntihabose, R., & Ntalindwa, T.
(2025). Chemistry teachers’ perception on implementing dynamic simulations in teaching and learning
chemical kinetics: Kigali city case study. Discover Education, 4, 578.

Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., Kaiser, L., & Polosukhin, I. (2017).
Attention is all you need. In Advances in Neural Information Processing Systems (pp. 6000-6010).

Ventura-Ledn, J., Lino-Cruz, C., Tocto-Munoz, S., Gamboa-Melgar, G., & Ruiz-Castro, J. (2025). Cultural
adaptation and psychometric validation of the academic progress goals scale for Peruvian university students.
Frontiers in Education, 10, 1661179.

Vieriu, A. M., & Petrea, G. (2025). The impact of artificial intelligence (Al) on students’ academic
development. Education Sciences, 15(3), 343.

Vincent-Lancrin, S., Gonzéalez-Sancho, C., Bouckaert, M., De Luca, F., Fernandez-Barrerra, M., Jacotin, G., &
Vidal, Q. (2019). Fostering students’ creativity and critical thinking: What it means in school. OECD Publishing.
https://doi.org/10.1787/62212c37-en

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. Harvard University
Press.

Walter, Y. (2024). Embracing the future of artificial intelligence in the classroom: the relevance of Al literacy,
prompt engineering, and critical thinking in modern education. International Journal of Educational Technology
in Higher Education, 21, 15.

Wang, J., & Fan, W. (2025). The effect of ChatGPT on students’ learning performance, learning perception, and
higher-order thinking: insights from a meta-analysis. Humanities and Social Sciences Communications, 12,
621.

Xi, J.,, & Lantolf, J. P. (2021). Scaffolding and the zone of proximal development: A problematic
relationship. Journal for the Theory of Social Behaviour, 51(1), 25-48.

Yu, H. (2024). The application and challenges of ChatGPT in educational transformation: New demands for
teachers' roles. Heliyon, 10(2), e24289.

Zawacki-Richter, O., Marin, V. |., Bond, M., & Gouverneur, F. (2019). Systematic review of research on artificial
intelligence applications in higher education-where are the educators? International Journal of Educational
Technology in Higher Education, 16(1), 39.

Zhai, X. (2022, December 27). ChatGPT wuser experience: Implications for education.
https://doi.org/10.2139/ssrn.4312418

Zou, M., & Huang, L. (2023). To use or not to use? Understanding doctoral students’ acceptance of ChatGPT in
writing through technology acceptance model. Frontiers in Psychology, 14, 1259531.

Zou, Y., Kuek, F., Feng, W., & Cheng, X. (2025). Digital learning in the 21st century: Trends, challenges, and
innovations in technology integration. Frontiers in Education, 10, 1562391.

Citation: Alli, A. O., Adeyemo, A. O., Adebayo, O. M., & Abatan, E. O. (2026). The impact of ChatGPT on students'’
problem-solving abilities in chemistry education: A review study. Bulletin of Education and Language, 1(1), 1-15.
Copyright: © 2026 Alli, A. O. et al. This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY 4.0) (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided that appropriate credit is
given to the original author(s) and the source.

(18]


https://news.stanford.edu/stories/2025/07/chatgpt-open-ai-impact-schools-education-learning-data-research
https://news.stanford.edu/stories/2025/07/chatgpt-open-ai-impact-schools-education-learning-data-research
https://www.timeshighereducation.com/campus/zone-proximal-development-four-stages
https://www.designsociety.org/publication/48567/generative_ai-enhanced_stem_education_exploring_challenges_opportunities_and_teacher_perspectives_in_taiwan%E2%80%99s_secondary_schools
https://doi.org/10.1787/62212c37-en
https://doi.org/10.2139/ssrn.4312418
https://creativecommons.org/licenses/by/4.0/

