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ABSTRACT

Introduction: This study examined the impact of an educational intervention using artificial intelligence (AI) tools, such as ChatGPT and BandLab, on developing fluency and flexibility in problem-solving within creative thinking. Methodology: This study was conducted with eighth grade students using a quasi-experimental pretest-posttest design. Participants engaged in five collaborative work sessions aimed at creating a song with a predefined structure, theme, and style. The Torrance Creativity Test (verbal form A) was used to measure the variables. Results: Statistical analyses, including normality tests and the Wilcoxon nonparametric test, revealed significant enhancements in flexibility (p < .001), while fluency remained consistent (p = .517). Discussion: These results suggest that, although the intervention improved students' ability to adapt strategies and modify approaches to problem-solving, the activities must be revised and supplemented to encourage generating more ideas. Conclusions: The results are discussed within the context of the growing integration of AI in educational settings, offering valuable insights for designing future pedagogical interventions that comprehensively promote creative thinking development.
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INTRODUCTION

In an increasingly demanding and changing educational context, the ability to solve problems creatively has become a key competence (Runco & Jaeger, 2012). Within this framework, fluency, or the generation of multiple ideas in a short time, and flexibility, or the ability to change focus when faced with an obstacle, are fundamental and complementary dimensions of creative thinking (Torrance, 1966; Guilford, 1967; Cropley, 2006). Balanced development of these skills is crucial for overcoming complex challenges in the classroom (Treffinger et al., 2002; Benedek & Fink, 2018; Qablan et al., 2023). This study analyzes how these skills interact in problem-solving contexts and explores artificial intelligence's (AI) potential as a tool to enhance them.

AI has emerged as a powerful tool for catalyzing creativity in educational contexts. Platforms such as ChatGPT and BandLab enable students to experiment with idea generation and collaboration on creative projects in novel and engaging ways. For instance, ChatGPT assists with creating and improving texts, while BandLab facilitates collaborative music composition and editing, thereby enriching the educational experience and fostering fluency and flexibility in problem-solving.

Despite the growing amount of research on the importance of fluency and flexibility in creativity, the specific interaction between these two dimensions in the context of AI-mediated problem solving has not yet been sufficiently explored (Runco & Jaeger, 2012; Benedek et al., 2018). Similarly, although the use of AI tools in education has been studied, few empirical studies directly examine how specific technologies, such as ChatGPT and BandLab, influence students' fluency and flexibility (Shute & Rahimi, 2017; Guven et al., 2019). Most literature focuses on fields such as robotics or coding without thoroughly investigating the impact of these AI tools in creative and collaborative contexts. Furthermore, a gap has been identified in integrated methodologies that enhance both dimensions of creativity simultaneously (Garaigordobil & Berrueco, 2020; Kim & Coxon, 2020). This research aims to contribute to filling these gaps by offering a solid empirical basis for effectively using AI to improve key problem-solving skills and creative thinking development in an educational context.

By addressing the impact of AI on teaching and its influence on developing creative skills, this work contributes to the discussion on the role of ICTs in Ibero-American education. This study evaluates the influence of AI tools, specifically ChatGPT and BandLab, on enhancing fluency and flexibility in problem-solving to determine their contribution to creative thinking development among eighth-grade students in Chile.

The main objective of this study is to evaluate the relationship between fluency and flexibility in problem-solving among eighth-grade students. This relationship will be examined in the context of a pedagogical experience designed to develop and catalyze creativity through the use of artificial intelligence, specifically ChatGPT and BandLab.

Additionally, this study aims to explore how AI-mediated educational interventions can enhance these essential cognitive skills simultaneously. To achieve this goal, the following hypotheses are formulated:



H1: There is a significant positive correlation between fluency and flexibility in problem solving among eighth-grade students, in such a way that those who demonstrate greater fluency will also show greater cognitive flexibility.



H2: Educational intervention mediated by AI tools (ChatGPT and BandLab) will significantly improve both students' fluency and flexibility in problem solving, compared to pretest measurements.



H3: The improvement in fluency and flexibility resulting from the educational intervention will be correlated with the active and effective use of AI tools for idea generation and creative collaboration.









Fluency and flexibility in creativity

In the context of creative thinking, fluency refers to the ability to generate multiple ideas in a limited period of time, while flexibility relates to the ability to change strategy or perspective when faced with a problem (Torrance, 1966; Guilford, 1967; Cropley, 2006). Although conceptually distinct, these dimensions interact in a complementary manner: fluency provides the quantity of ideas, and flexibility allows them to be reorganized and adapted to new situations (Treffinger et al., 2002; Benedek & Fink, 2018). Several studies have shown that the balanced development of both dimensions is key to addressing complex problems and fostering innovative solutions. In the context of this research, these dimensions are specifically assessed using the Torrance Creativity Test, which allows a direct correlation to be established between the theoretical concepts and the creative skills observed in students after the intervention with artificial intelligence tools (Sternberg, 2006; Qablan et al., 2023). These definitions are operationalized through the use of the Torrance Creativity Test (verbal form A), allowing for a quantitative assessment of how AI tools can influence students' creative thinking.

Recent studies have confirmed the positive impact of AI on these dimensions. For example, Urban et al. (2024) demonstrated that the use of ChatGPT improves creative problem-solving skills, especially in terms of the originality and quality of the ideas generated. However, Liu et al. (2024) warn that prolonged use could lead to a certain degree of homogenization, which underscores the need for intentional pedagogical design to maintain creative diversity.



The influence of AI on creativity

Artificial intelligence has emerged as a powerful tool in education, with the potential to catalyze complex cognitive skills such as creativity. Tools such as ChatGPT and BandLab allow students to engage in creative processes in real time: ChatGPT acts as a textual assistant that facilitates the exploration of ideas, rephrasing of sentences, and stylistic suggestions; while BandLab offers a musical environment that encourages experimentation with harmonic progressions and sound structures. In the context of this research, students used ChatGPT primarily to rephrase verses and enrich song lyrics, while BandLab was used to compose, record, and fine-tune their musical creations.

In theoretical terms, these tools can influence creative dimensions in different ways. ChatGPT promotes flexibility by allowing students to reconfigure ideas, adopt new approaches, and adjust their discourse through automated suggestions (Oates & Johnson, 2025). BandLab, for its part, reinforces this ability by offering an interactive space where students must adapt their creations to different styles and rhythms, as Lam (2024) points out in a review of technology-mediated musical creativity. However, as discussed in this study, if tasks are not explicitly geared toward encouraging divergent production, as evidenced by the results where no significant improvement was observed in the dimension of fluency, the impact on fluency—understood as the number of ideas generated—may be limited. The results showed significant improvements in flexibility but not in fluency, suggesting that the type of interaction with AI and the design of the creative activity are key to developing each dimension. In this regard, Suriano et al. (2025) highlight that the quality of interaction with AI and the type of prompts used are key factors in enhancing complex cognitive skills such as creative thinking.



Relationship between fluency, flexibility and creative thinking

The relationship between fluency and flexibility in problem solving is synergistic rather than merely additive. While fluency provides the raw material for ideas, flexibility allows them to be reconfigured in novel and useful ways (Benedek & Fink, 2018). Empirical studies have shown that interventions designed to jointly foster both skills result in significant improvements in creative problem-solving ability. For example, Garaigordobil and Berrueco (2020) found that educational programs that integrate the development of fluency and flexibility significantly increase divergent thinking in students.

Likewise, research has found that the interaction between these two dimensions is a strong predictor of creativity in team problem solving (de Dreu et al., 2012), underscoring the importance of designing educational interventions that not only develop each skill separately but also encourage their interaction.

In this regard, this research aims to investigate how the use of artificial intelligence tools, specifically ChatGPT and BandLab, influences the development of fluency and flexibility in problem solving in eighth-grade students. Given the existing gap in knowledge about how AI specifically affects these components of creativity, this study is essential to contribute to the development of innovative methodologies in the classroom and to provide a solid empirical basis to guide the integration of these technologies into teaching.

The results of the pretest and posttest were used to measure changes in students' fluency and flexibility, providing quantitative data for a correlational analysis that allows for effective evaluation of the impact of AI-mediated educational intervention on the development of critical cognitive skills for creative problem solving.




OBJECTIVES

This study aims to evaluate the influence of an educational intervention mediated by artificial intelligence tools—specifically ChatGPT and BandLab—on the development of creative thinking in students in the eighth grade (equivalent to the first years of secondary education). The intervention was designed to enhance the fundamental cognitive skills involved in creative problem solving, focusing on the dimensions of fluency and flexibility, which were measured using the Torrance Creativity Test, verbal form A, through raw scores.


General objective

Evaluate the effect of an artificial intelligence-mediated learning experience—using ChatGPT and BandLab—on the empowerment of fluidity and flexibility in problem solving, in order to determine its contribution to the development of creative thinking in students in the eighth grade.



Specific objectives



	Comparing the raw scores for fluency, flexibility, and originality obtained in the Torrance Creativity Test, verbal form A, before and after the AI-mediated educational intervention.

	To analyze the relationship between fluency and flexibility in creative problem solving in students.

	To evaluate the overall impact of AI-mediated educational intervention on students' creative performance, considering both descriptive measures (means, percentiles, confidence intervals) and score variability.








METHODOLOGY

This study relied on a quantitative approach to collecting and analyzing numerical data, which facilitated hypothesis testing and the generalization of results (Creswell, 2014). A quasi-experimental design was adopted to establish causal relationships, control variables, and measure the specific effects of the intervention (Campbell & Stanley, 1963). In addition, a pretest-posttest scheme was implemented to assess changes in participants over time, allowing for a robust assessment of the intervention's impact (Shadish et al., 2002).

The study aimed to evaluate the effects of using artificial intelligence tools—specifically ChatGPT and BandLab.com—on the development of creative thinking in 12- and 13-year-old students. The research was conducted at a scientific-humanistic school located in the O'Higgins region of Chile, covering the entire eighth-grade population, without the inclusion of a control group. To ensure data confidentiality, each participant was assigned a unique number, and parental consent was obtained for the use of their responses in the research.

To assess students' creativity, the Torrance Creativity Test (TTCT), verbal form A, was used. This is a recognized and widely validated instrument that measures various dimensions of creative thinking, such as fluency, flexibility and originality (Torrance, 1998).


Procedure

The research procedure was structured in three main phases:



	Pretest: The TTCT was applied before starting the creative activity to establish a baseline of the students' creativity.

	Intervention: Students participated in a creative activity that involved creating original song lyrics. During this phase, ChatGPT was used as an assistant to generate paragraphs and verses to replace the base text, and each compositional progress was recorded on the BandLab.com platform. On this platform, students learned to record their creations over pre-recorded rhythmic bases, called loops. Both artificial intelligence tools were used to stimulate idea generation and structure both the textual content and the harmonic progression of the songs. This phase aimed to stimulate creative thinking through the strategic use of AI.

	Posttest: After the creative activity, the TTCT was applied again to evaluate whether the AI intervention had managed to improve the students' creative indices.





Participants' responses were recorded and organized in a spreadsheet for later analysis. During the intervention, students collaborated with ChatGPT to generate ideas and develop song lyrics, receiving instructions on how to interact with the AI model and how to integrate its suggestions into their creative work. SPSS and BIPLOT software were used to analyze responses related to the dimensions of creativity, complemented by manual reviews in specific cases. Furthermore, to ensure the reliability of the instrument used, Cronbach's alpha coefficient was calculated, obtaining a value of 0.819, indicating a high level of internal consistency.



Data Analysis

To examine changes in creativity scores obtained before and after the intervention, various statistical tests were implemented, structured to provide a comprehensive and accurate evaluation of the data, ensuring the validity and reliability of the results:



	Normality Tests (Kolmogorov-Smirnov and Shapiro-Wilk):





These tests were performed to determine whether the TTCT scores followed a normal distribution, which is a fundamental step before applying certain statistical analyses (Creswell, 2014).



	Paired Sample Test:





Since the data did not meet the assumption of normality, this test was used to compare creativity scores before and after the intervention. This method is appropriate for related samples, since measurements were taken at two different times (Shadish et al., 2002).



	Wilcoxon test:





The Wilcoxon test was applied due to the non-normality of the data, allowing the comparison of the medians of two related samples to determine significant differences (Shadish et al., 2002).



	Descriptive Analysis:





Posttest scores were calculated to illustrate the changes produced by the intervention (Creswell, 2014).



	Percentile Analysis:





This technique was used to evaluate the impact of the intervention on different segments of the student population (Creswell, 2014).



	Comparative Analysis using Multivariate Techniques (Biplot):





Biplots were used to provide a graphical representation of the differences in creativity scores between the pretest and posttest, allowing a direct visual comparison of changes in creativity indicators (Shadish, et al., 2002).

This methodology enabled a comprehensive and rigorous evaluation of the effects of AI-mediated educational intervention on the development of creative thinking in students, providing quantitative evidence of the effectiveness of the implemented strategy.




RESULTS

This section presents the findings obtained after applying statistical tests to the data set, focusing on the dimensions of flexibility and fluency in problem-solving. Pre-test and post-test scores are compared to determine the impact of the AI-mediated intervention on students' creative thinking.


Flexibility analysis

One of the most relevant findings of this research relates to the improvement in students' cognitive flexibility following intervention with AI tools. As shown in Figure 1, in the initial measurement, flexibility scores were distributed heterogeneously, with a more marked concentration in groups A and C. However, the dispersion of the data suggests that there were significant differences between the students in the three courses analyzed.

In the graph, each point represents a student, while the arrows indicate the creative dimensions evaluated (flexibility, fluency, and originality). The proximity of the points to the arrows suggests a greater relationship between that student and the corresponding dimension. This biplot allows us to observe the initial arrangement of the data before the intervention.

Figure 1

Initial distribution of flexibility and fluency scores in the pretest (Input Biplot )

[image: Gráfico Descripción generada automáticamente con confianza media]

Source: Elaborated by the authors.

Following the implementation of the intervention, the results show a significant improvement in this dimension. As shown in Figure 2, the distribution of the data shows a positive shift in flexibility values, with a higher concentration of higher scores in groups B and C, indicating that these students experienced greater progress compared to group A. In other words, changes are observed in the position of students with respect to the variables evaluated. The arrows reflect the creative dimensions and their contribution to the variance. A greater clustering towards the vectors of flexibility and originality suggests progress in these areas after the AI intervention.


Figure 2

Final distribution of flexibility and fluency scores in the post-test (Output Biplot)

[image: Gráfico, Gráfico de dispersión Descripción generada automáticamente]

Source: Elaborated by the authors.

These changes are also reflected in the statistical data. As seen in Table 1, the mean flexibility score increased from 3.19 to 4.31, while the median increased from 3.00 to 4.00, suggesting that more students improved their ability to change strategies and adapt their thinking when solving problems. Furthermore, the 95% confidence interval for flexibility also widened from 2.50–3.87 to 3.51–5.12, reflecting an increase not only in the mean score but also in the variability of the data.

Table 1.

Comparison of means, medians, and confidence intervals for flexibility and fluency before and after the intervention











	
	
	
	Initial result
	Final result



	flexibility
	average
	3.19
	4.31



	95% confidence interval
	lower limit
	3.19
	4.31



	upper limit
	3.87
	5.12



	median
	3.00
	4.00



	fluency
	average
	7.84
	7.77



	95% confidence interval
	lower limit
	7.13
	6.75



	upper limit
	8.55
	8.79



	median
	7.00
	7.00





Source: Eaborated by the authors.

From a comparative analysis perspective using the Wilcoxon test, the results indicate a statistically significant difference between pretest and posttest scores in flexibility (p = 0.000), allowing the null hypothesis to be rejected and confirming that the intervention had a positive impact on this dimension of creative thinking.



General interpretation of the findings

The results obtained lead to the conclusion that the artificial intelligence-based intervention significantly enhanced students' flexibility, promoting a greater ability to adapt and change strategies in problem solving. This improvement was evident in the descriptive analyses and confirmed by statistical tests, highlighting that the use of AI in creative activities can play a key role in the development of adaptive cognitive skills.

In contrast, fluency did not undergo significant changes, suggesting that the intervention failed to stimulate the generation of a greater number of ideas. This finding raises questions about the need to design more specific strategies to work on fluency in the context of artificial intelligence, complementing the positive impact already observed in flexibility.

Finally, multivariate analyses using biplot made it possible to visualize how the distribution of flexibility and fluency scores evolved throughout the study. Greater dispersion and improvement in flexibility were observed after the intervention, while fluency remained stable across the different courses. These results provide valuable information for future research and the design of more effective educational interventions in the field of creative thinking and artificial intelligence.



Evaluating data distribution

Normality tests (Kolmogorov–Smirnov and Shapiro–Wilk) indicated that the fluency and flexibility scores did not meet the normality assumption, justifying the use of nonparametric methods in the inferential analysis (Creswell, 2014).



Descriptive analysis

Fluency:



	The mean in the fluency dimension was slightly reduced from 7.84 (pretest) to 7.77 (posttest).

	The median remained constant at 7.00, which demonstrates stability in the central value of the scores.

	A slight widening of the 95% confidence interval was observed, indicating a moderate increase in the dispersion of the data.





Flexibility:



	The average increased from 3.19 in the initial evaluation to 4.31 in the final evaluation.

	The median increased from 3.00 to 4.00, suggesting substantial improvements in the ability to adapt and modify strategies.

	The shift towards higher values in the 95% confidence interval supports the existence of a positive change in this dimension.







Hypothesis testing

Given the failure to comply with the assumption of normality, the Wilcoxon signed-rank test for related samples was applied:



	Fluency (Fluency E vs. Fluency S):





The null hypothesis stating that the median of the differences is equal to 0 was not rejected (p = .517), indicating that the intervention did not produce statistically significant changes in the ability to generate ideas quantitatively.



	Flexibility (Flexibility E vs. Flexibility S):





A p-value of .000 was obtained, which leads to the rejection of the null hypothesis and shows a significant difference in flexibility scores after the intervention.



Graphic analysis

Multivariate analysis using biplots allowed the evolution of the variables to be visualized:



	Initial Biplot:





The representations of "Fluency E" and "Fluency S" showed a similar distribution, which is consistent with the stability of this dimension in the descriptive analyses. In contrast, flexibility showed a dispersion that suggested potential for improvement.



	Final Biplot:





The direction of the arrows corresponding to “Flexibility E” and “Flexibility S” shifted toward higher values, reflecting the significant improvement observed in students' ability to modify their strategies. The distribution of fluency remained virtually unchanged.



Summary of results

The results suggest that the intervention had a differential effect on the two dimensions evaluated:



	Fluency: No significant changes were observed, suggesting that the ability to generate a greater number of ideas was not modified by the intervention.

	Flexibility: A significant improvement was evident, indicating that the use of AI tools in a collaborative context enhanced the ability to adapt and restructure strategies in problem-solving.








CONCLUSIONS AND DISCUSSION

This study aimed to evaluate the impact of an educational intervention mediated by artificial intelligence (AI) tools, specifically ChatGPT and BandLab, on the development of two key dimensions of creative thinking: fluency and flexibility in problem solving. The findings indicate that the intervention generated significant improvements in students' cognitive flexibility, while fluency remained unchanged. This pattern suggests that, in the context of the creative activity implemented, AI acted as a catalyst for the ability to adapt and change strategy in problematic situations, without significantly affecting the quantitative generation of ideas.

This difference in effect on both dimensions can be interpreted in light of the intrinsic characteristics of each component. Flexibility, understood as the ability to modify or reorganize strategies and approaches (Cropley, 2006; de Dreu et al., 2012), was favored by the iterative and collaborative nature of the intervention. The use of ChatGPT allowed students to receive feedback and suggestions that encouraged the revision and restructuring of their ideas, while BandLab facilitated a dynamic composition process that promoted experimentation and strategy change. In contrast, fluency—related to the ability to produce a greater number of ideas in a limited time (Torrance, 1966; Guilford, 1967)—did not show significant changes, which is probably because the activity did not directly emphasize the mass generation of proposals, but rather their quality and adaptability.


Comparison with previous studies

The results obtained are partially consistent with existing literature. Previous research has indicated that interventions focused on the integration of digital technologies can enhance cognitive flexibility in educational contexts (Benedek & Fink, 2018; Garaigordobil & Berrueco, 2020; Oyarzún & Rodríguez, 2024). The improvement in flexibility observed in this study supports these findings and reinforces the idea that interaction with AI tools can promote the development of adaptive strategies in problem solving.

This distinction between dimensions can also be linked to the type of interaction facilitated by the technological tools used. While ChatGPT promoted iterative adjustments to textual content—enhancing flexibility—it was not structured to encourage the massive generation of alternative ideas from a blank sheet, as required by fluency. Similarly, BandLab encouraged collaborative composition based on harmonic exploration, rather than on the multiplication of initial versions or proposals. This articulation between the functions of the tools and the theoretical dimensions allows for a better understanding of why the intervention had a differentiated impact on students' creativity.

On the other hand, the stability in fluency levels is in line with studies suggesting that idea generation requires additional stimuli or differentiated pedagogical approaches to produce significant increases (Runco & Jaeger, 2012; Kim & Lee, 2019). Thus, the present research expands knowledge by demonstrating that, although AI can be effective in enhancing certain aspects of creative thinking, its effect on idea generation in quantitative terms may be limited if it is not complemented by specific strategies that encourage divergence and free production of ideas.



Theoretical and practical implications

From a theoretical point of view, the results confirm that creativity is a multidimensional construct, in which each of its dimensions—fluency and flexibility—can respond differently to pedagogical interventions (Sternberg & Lubart, 1996). The empirical evidence presented here supports the importance of designing educational experiences that not only integrate advanced technological tools but also consider the specific nature of each creative dimension.

In practical terms, these findings have significant implications for teaching and curriculum design. The improvement in flexibility suggests that incorporating AI into collaborative activities can facilitate the adaptation of strategies and promote more dynamic and contextualized learning. However, the absence of changes in fluency highlights the need to complement these interventions with additional methodologies, such as structured brainstorming techniques or exercises that stimulate divergent idea generation (Guilford, 1967). Consequently, educators should consider integrating various teaching strategies that, together, enhance the comprehensive development of creative thinking in students.



Limitations and recommendations for future research

Despite the study's significant contributions, it is important to note some limitations. First, the absence of a control group prevents direct comparisons that would allow the observed changes to be attributed with greater certainty exclusively to the AI-mediated intervention (Shadish et al., 2002). Likewise, the sole use of the Torrance Creativity Test, verbal form A, although widely validated (Torrance, 1998), could limit the capture of the complexity of the creative construct.

Another limitation relates to the sample, which was drawn from a specific context (a science and humanities school in the O'Higgins region of Chile), which restricts the generalization of the findings to other educational and cultural environments. In this regard, it is recommended that future research include more heterogeneous samples and use experimental designs with control groups to strengthen the internal validity of the studies.

Likewise, a relevant limitation of the study was the absence of a systematic analysis of the interactions between students and the ChatGPT tool. Although participants used semi-open prompts guided by the teacher—such as “write a stanza about hope using simple language” or “how can I change this line to make it sound more poetic?”—the processes of interaction with AI were not recorded or analyzed in depth. Documenting these exchanges would have provided a better understanding of the cognitive mechanisms involved in textual co-creation, as well as the role of AI in stimulating creative thinking. This aspect represents a crucial line of development for future research, which could benefit from incorporating recordings, transcripts, or real-time session analysis.

On the other hand, the lack of significant changes in the dimension of fluency may be linked both to the nature of the task—structured around a thematic prompt with fixed parameters—and to the brevity of the intervention (five sessions). These conditions may have favored flexibility (adaptation and reorganization of ideas) over fluency (abundant generation of alternatives). The literature suggests that the development of fluency requires longer and more open pedagogical experiences that explicitly stimulate divergent thinking (Guilford, 1967). Consequently, it is recommended that future research include activities specifically designed to promote fluency, such as brainstorming exercises or creative free association tasks, complemented by more exploratory interactions with AI.

It is pertinent to explore interventions that simultaneously integrate specific strategies to enhance both fluency and flexibility, which would allow for a more comprehensive approach to the development of creative thinking. The combination of various AI tools and innovative pedagogical methods could offer a more complete picture of the transformative potential of these technologies in education (Shute & Rahimi, 2017; Guven et al., 2019).

Finally, the study showed that the educational intervention, based on collaborative work to create a song using AI tools, generated significant improvements in the flexibility of eighth-grade students, while fluency remained unchanged. These findings highlight the potential of AI to enhance certain dimensions of creative thinking and underscore the importance of designing pedagogical strategies that comprehensively address the multiple facets of creativity.

It is recommended that future research delve deeper into the design of activities that promote not only the quality and adaptability of ideas, but also their quantity, in order to achieve a balanced development of creativity. Likewise, the systematic documentation of the use of prompts is a key tool for understanding and improving the AI-mediated creative process.




REFERENCES

Benedek, M., & Fink, A. (2018). The interplay between flexibility and originality in creative thought. Frontiers in Psychology, 9, 986. https://doi.org/10.3389/fpsyg.2018.00986

Campbell, D. T., & Stanley, J. C. (1963). Experimental and quasi‐experimental designs for research. Houghton Mifflin.

Creswell, J. W. (2014). Research design: Qualitative, quantitative, and mixed methods approaches (4ta ed.). SAGE Publications.

Cropley, A. J. (2006). Creativity in education and learning: A guide for teachers and educators. Routledge.

de Dreu, C. K. W., Baas, M., & Nijstad, B. A. (2012). The role of individual and group creativity in creative problem solving: A research agenda. Creativity and Innovation Management, 21(1), 40-46. https://doi.org/10.1111/j.1467-8691.2012.00624.x

Garaigordobil, M., & Berrueco, L. (2020). Effects of a play program on creative thinking of preschool children. Thinking Skills and Creativity, 37, 100682. https://doi.org/10.1016/j.tsc.2020.100682

Guilford, J. P. (1967). The nature of human intelligence. McGraw-Hill.

Guven, E., & Cakmak, M. (2019). Using LEGO robotics to enhance creativity in early childhood education. Early Child Development and Care, 189(3), 425-437. https://doi.org/10.1080/03004430.2017.1325492

Kim, K. H., & Coxon, S. V. (2020). The relationship between creativity and divergent thinking and their contribution to creative performance. Journal of Creative Behavior, 54(3), 455-467. https://doi.org/10.1002/jocb.385

Kim, K. H., & Lee, J. (2019). Enhancing creativity in children through a creativity program with LEGO blocks. Gifted Child Quarterly, 63(2), 141-157. https://doi.org/10.1177/0016986218823470

Lam, C. K. (2024). Technology-enhanced creativity in K-12 music education: A scoping review. International Journal of Music Education, 42(4), 691-703. https://doi.org/10.1177/02557614231194073

Liu, Q., Zhou, Y., Huang, J., & Li, G. (2024). When ChatGPT is gone Creativity reverts and homogeneity persists. arXiv preprint, arXiv:2401.06816. https://arxiv.org/abs/2401.06816

Oates, A., & Johnson, D. (2025). ChatGPT in the Classroom: Evaluating its Role in Fostering Critical Evaluation Skills. International Journal of Artificial Intelligence in Education, 1-32. https://doi.org/10.1007/s40593-024-00452-8

Oyarzún Yáñez, R., & Rodríguez Rodríguez, M. N. (2024). Escribir en la universidad con apoyo de IA: ansiedad y utilidad percibida en el uso de chat GPT. European Public and Social Innovation Review, 9, 349. https://doi.org/10.31637/epsir-2024-922

Qablan, A., Alarabi, K., & Mansour, Y. (2023). STEM-based curriculum and creative thinking in high school students. Education Sciences, 13(12), 1195. https://doi.org/10.3390/educsci13121195

Runco, M. A., & Jaeger, G. J. (2012). The standard definition of creativity. Creativity Research Journal, 24(1), 92-96. https://doi.org/10.1080/10400419.2012.650092

Shadish, W. R., Cook, T. D., & Campbell, D. T. (2002). Experimental and quasi‐experimental designs for generalized causal inference. Houghton Mifflin.

Shute, V. J., & Rahimi, S. (2017). Review of computer-based assessment for learning in elementary and secondary education. Journal of Computer Assisted Learning, 33(1), 1-19. https://doi.org/10.1111/jcal.12172

Sternberg, R. J. (2006). The nature of creativity. Creativity Research Journal, 18(1), 87-98. https://doi.org/10.1207/s15326934crj1801_10

Sternberg, R. J., & Lubart, T. I. (1996). Investing in creativity. American Psychologist, 51(7), 677-688. https://doi.org/10.1037/0003-066X.51.7.677

Suriano, R., Plebe, A., Acciai, A., & Fabio, R. A. (2025). Student interaction with ChatGPT can promote complex critical thinking skills. Learning and Instruction, 95, 102011. https://doi.org/10.1016/j.learninstruc.2024.102011

Torrance, E. P. (1966). The Torrance tests of creative thinking—norms—technical manual (Research ed.: Verbal tests, Forms A and B; Figural tests, Forms A and B). Personnel Press.

Torrance, E. P. (1998). Torrance tests of creative thinking: Norms—technical manual. Scholastic Testing Service.

Treffinger, D. J., Young, G. C., Selby, E. C., & Shepardson, C. (2002). Assessing creativity: A guide for educators. National Research Center on the Gifted and Talented, University of Connecticut. https://files.eric.ed.gov/fulltext/ED505548.pdf

Urban, M., Děchtěrenko, F., Lukavský, J., Hrabalová, V., Svacha, F., Brom, C., & Urban, K. (2024). ChatGPT improves creative problem-solving performance in university students: An experimental study. Computers & Education, 215, 105031. https://doi.org/10.1016/j.compedu.2024.105031



AUTHOR CONTRIBUTIONS, FUNDING AND ACKNOWLEDGMENTS

Authors' contributions:

Conceptualization: Silva Fuentealba, Eduardo; Software: Silva Fuentealba, Eduardo; Validation: Valdés León, Gabriel; Formal analysis: Silva Fuentealba, Eduardo; Valdés León, Gabriel; Data curation: Silva Fuentealba, Eduardo; Writing-Preparation of the original draft : Silva Fuentealba, Eduardo; Valdés León, Gabriel and Oyarzún Yáñez, Romina; Drafting-Review and Editing : Silva Fuentealba, Eduardo; Valdés León, Gabriel and Oyarzún Yáñez, Romina; Visualization : Silva Fuentealba, Eduardo; Valdés León, Gabriel and Oyarzún Yáñez, Romina; Supervision: Silva-Fuentealba, Eduardo; Project management: Silva-Fuentealba, Eduardo; All authors have read and accepted the published version of the manuscript: Silva Fuentealba, Eduardo; Valdés León, Gabriel and Oyarzún Yáñez, Romina.

Funding: This research did not receive external funding.

Conflict of interest: There is no conflict of interest.





AUTHOR/S:

Eduardo Silva Fuentealba

Bernardo O'Higgins University.

He holds a bachelor's degree in Education and Musical Sciences and Arts, as well as a master's degree in Educational Management. His research focuses on the integration of artificial intelligence, such as ChatGPT, in the development of creative thinking and collaboration in educational environments. With a solid academic background and experience in the field of education, the author has explored how AI tools can enhance students' creative thinking, especially in the context of collaborative spaces. His work aims to contribute significantly to the understanding of AI applications as catalysts for human thinking, highlighting collaboration between individuals and machines to improve teaching and learning processes.

silval@postgrado.ubo.cl

Gabriel Valdés-León

University of La Laguna.

Gabriel Valdés-León has been a professor at the University of La Laguna since 2024. He has also been a postdoctoral researcher at the University of Las Palmas de Gran Canaria (ULPGC) through a Margarita Salas fellowship, funded by NextGenerationEU funds (2022-2024). He received his PhD in Linguistic Studies in 2021 from the ULPGC, with a thesis that won the extraordinary doctoral award. He holds a master's degree in Linguistics from the University of Santiago de Chile (2014) and a master's degree in Hispanic Lexicography from the University of León in collaboration with the Royal Spanish Academy (2017), funded by a grant from the Carolina Foundation. In 2018, he received a grant from the Spanish Cooperation MAEC-AECID for his contributions to the projects of the Chilean Academy of Language

gvaldesl@ull.edu.es

Romina Oyarzún Yáñez

Andrés Bello University.

Romina Oyarzún is a primary school teacher with a Master's degree in Text Comprehension and Production from Andrés Bello University (Chile) and a Master's degree in Neuroeducation from Rey Juan Carlos University (Spain). Her areas of research are reading and writing, neuroeducation, and Hispanic linguistics. She currently combines her research work with teaching at Andrés Bello University and the University of Chile.

r.oyarzunyaez@uandresbello.edu

Related articles:

Carral, U., & Elías, C. (2024). Aplicación de herramientas de IA como metodología para el análisis de la toxicidad en la conversación en redes sociales: Estudio de caso de la política española en Twitter. Revista Latina de Comunicación Social, 82, 1-18. https://doi.org/10.4185/rlcs-2024-2205

Espejo Aubá, P. C. (2024). La Inteligencia Artificial en educación: percepciones, & saberes de los docentes. European Public & Social Innovation Review, 9, 1-19. https://doi.org/10.31637/epsir-2024-898

Girón, D. C. A., Yovera, S. E. R. y Torres de Salinas, F. de M. G., Soto, F. G. C., & Cadenas, D. I. V. (2025). The relationship between knowledge management and artificial intelligence: A thematic analysis from Scopus. Iberoamerican Journal of Science Measurement and Communication, 5(1), 1-10. https://doi.org/10.47909/ijsmc.1713

González-Campos, J., López-Núñez, J., & Araya-Pérez, C. (2024). Educación superior e inteligencia artificial: desafíos para la universidad del siglo XXI. Aloma: Revista de Psicologia, Ciències de l'Educació i de l'Esport, 42(1), 79-90. https://doi.org/10.51698/aloma.2024.42.1.79-90

Zúñiga, F., Mora Poveda, D. A., & Molina Mora, D. P. (2023). La importancia de la inteligencia artificial en las comunicaciones en los procesos marketing. Vivat Academia, 156, 19-39. https://doi.org/10.15178/va.2023.156.e1474




EPUB/nav.xhtml


  

    Índice de contenido



    

      		

        ARTIFICIAL INTELLIGENCE IN THE CLASSROOM: EMPOWERING PROBLEM- SOLVING THROUGH CREATIVE THINKING

      

        		

          ABSTRACT

        



        		

          INTRODUCTION

        

          		

            Fluency and flexibility in creativity

          



          		

            The influence of AI on creativity

          



          		

            Relationship between fluency, flexibility and creative thinking

          



        



        



        		

          OBJECTIVES

        

          		

            General objective

          



          		

            Specific objectives

          



        



        



        		

          METHODOLOGY

        

          		

            Procedure

          



          		

            Data Analysis

          



        



        



        		

          RESULTS

        

          		

            Flexibility analysis

          



          		

            General interpretation of the findings

          



          		

            Evaluating data distribution

          



          		

            Descriptive analysis

          



          		

            Hypothesis testing

          



          		

            Graphic analysis

          



          		

            Summary of results

          



        



        



        		

          CONCLUSIONS AND DISCUSSION

        

          		

            Comparison with previous studies

          



          		

            Theoretical and practical implications

          



          		

            Limitations and recommendations for future research

          



        



        



        		

          REFERENCES

        



        		

          AUTHOR CONTRIBUTIONS, FUNDING AND ACKNOWLEDGMENTS

        

          		

            AUTHOR/S:

          



        



        



      



      



    



  



    Hitos



    

      		

        Title Page

      



    



  



EPUB/media/file0.png





EPUB/media/file1.jpg
Axis 2 - (25.6412% )

As-

Eduardo Silva.xlsx
T

ci1s

-10 5 0 5
Axis 1-(57.3757% )





EPUB/media/file2.jpg
Axis 2 - (12.2912% )

Eduardo Silva.xlsx

A8

Ci1#

5
Axis 1-(65.9995% )






