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Abstract:
Artificial Intelligence (AI) tools provide personalized support to learners and offer a convenient and effective approach. This systematic review aims to determine whether AI can enhance creativity in children and teenagers under 18, based on previous studies.
To conduct this study, we followed the systematic review method and analyzed 41 articles obtained from various databases including Web of Science, PubMed/MEDLINE, Scopus, Google Scholar, Embase, ProQuest, SID (Scientific Information Database), Magiran, IranDoc, Iranian Archive for Scientific Documents Center, and Iranian National Library from 2000 to 2023.The study was framed using the PICO guide.
In one study, AI had an equal effect on creativity, while in one group, it showed a lesser effect in the intervention groups. The remaining studies demonstrated the positive influence of AI on the creativity of children and teenagers. Additionally, there was a statistically significant difference in the effectiveness of different tools for measuring creativity (such as the Torrance test, game robots, visual and verbal creativity tests, and creative story writing) in children and adolescents under 18.
Considering the positive effect of AI on improving children's creativity, it is recommended to incorporate AI as a new method for fostering creativity starting from kindergartens up to the secondary level.
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Resumo:
Ferramentas de Inteligência Artificial (IA) fornecem suporte personalizado aos alunos e oferecem uma abordagem conveniente e eficaz. Esta revisão sistemática visa determinar se a IA pode aumentar a criatividade em crianças e adolescentes menores de 18 anos, com base em estudos anteriores.
Para conduzir este estudo, seguimos o método de revisão sistemática e analisamos 41 artigos obtidos de vários bancos de dados, incluindo Web of Science, PubMed/MEDLINE, Scopus, Google Scholar, Embase, ProQuest, SID (Scientific Information Database), Magiran, IranDoc, Iranian Archive for Scientific Documents Center e Iranian National Library de 2000 a 2023. O estudo foi estruturado usando o guia PICO.
Em um estudo, a IA teve um efeito igual na criatividade, enquanto em um grupo, mostrou um efeito menor nos grupos de intervenção. Os estudos restantes demonstraram a influência positiva da IA ​​na criatividade de crianças e adolescentes. Além disso, houve uma diferença estatisticamente significativa na eficácia de diferentes ferramentas para medir a criatividade (como o teste de Torrance, robôs de jogo, testes de criatividade visual e verbal e escrita criativa de histórias) em crianças e adolescentes menores de 18 anos.
Considerando o efeito positivo da IA ​​na melhoria da criatividade das crianças, é recomendado incorporar a IA como um novo método para promover a criatividade desde o jardim de infância até o nível secundário.
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Introduction:

Children's creativity - the ability to generate new, unexpected, and valuable ideas - is known to help their learning progress and personal growth. Standard methods of measuring creativity and divergent thinking have shown that when children enter elementary school, their creativity decreases and their thinking, especially in the fourth year, tends towards convergent thinking. One reason for this is the more structured curriculum of schools and the loss of the playful aspect of creativity. This is especially concerning for children growing up in the era of artificial intelligence, where machines are taking over mechanical and repetitive jobs requiring structured thinking. To succeed in this world of intelligent agents, we need to empower children, not just to understand how these intelligent agents work, but to think creatively in generating innovations alongside these agents, requiring innovative and creative thinking.
The development of creativity in children is well known. Creativity has been shown to facilitate problem-solving, adaptation, self-expression, and children's well-being (Kaufman & Sternberg, 2010).Studies have shown that creative thinking has many social and economic benefits (Florida, 2002).Research has shown the benefits of integrating creative skills into educational programs in educational institutions and enhancing the benefits of learning (Shaffer & Gee, 2006).
Economists say that most of today's inventions are the result of creative applications of existing knowledge and technology in solving new problems. Today's children interact with artificial intelligence agents such as voice agents, recommendation systems, robots, and so on. Children not only need to understand how these artificial intelligence agents work but also need to have the ability to think creatively and generate new ideas alongside these agents. We know from the literature of creativity that creativity is learnable and is influenced by the individual's environment
and social interactions (Shaffer & Gee, 2006) .
In the past, social robots have been used as artificial intelligence educational tools in classrooms and be effective in increasing cognitive and emotional productivity. Their ability to personalize learning and provide physical and expressive interactions, which in turn leads to increased engagement, places social robots as learning tools in classrooms. Considering that social interactions with others influence children's creativity. Researchers and educators have successfully used artificial intelligence educational tools in classrooms. These tools have proven to be effective for young children, improving both cognitive and emotional synchronization. Artificial intelligence tools in education have played two main roles; serving as a social agent as a mentor or peer, or as tools like Lego Mindstorms or Popbots through which children can learn mathematical concepts, mechanics, and programming by building artificial intelligence tools. Due to their ability to provide personalized support to learners, artificial intelligence tools offer a suitable and acceptable way of learning. Previous studies have shown that artificial intelligence tools present in physical environments have better learning experiences compared to traditional instructional methods. As these tools become more accessible and integrated into educational and home environments, the need for designing artificial intelligence social behaviors in a way that not only enhances children's cognition but also promotes behavioral benefits such as curiosity, attitude, engagement, participation, and creativity is evident. 
Artificial Intelligence intersects with pedagogy by offering innovative tools and methods to enhance teaching and learning experiences in the classroom. It can personalize education, provide real-time feedback, and adapt to individual student needs, ultimately improving the effectiveness of instruction. AI also addresses current educational concerns such as individualized learning, student engagement, and the need for more efficient assessment methods.
The impact of Artificial Intelligence varies across different age phases in education. For younger children, AI can be utilized to enhance foundational skills through interactive and engaging activities. In the middle school phase, AI can support critical thinking and problem-solving skills development. In high school, AI applications can provide advanced learning opportunities and career readiness guidance. Tailoring AI technologies to suit the specific developmental stages of students is crucial for maximizing their educational benefits(Nishat et al., 2023; Ocak et al., 2023; Yang et al., 2024).
Today's research results indicate the effectiveness of artificial intelligence on children's and adolescents' creativity, yet a definitive conclusion has not been reached in this area, which is why we aim to demonstrate for the first time through a systematic review article whether artificial intelligence can enhance children's and adolescents' creativity or not?
Materials and Methods
In this study, which was a systematic review of studies, according to the classification of the Cochrane Database of Systematic Reviews and the Cochrane Handbook. The research question, raised by PICO, covered the total population of children and adolescents under the age of 18 in the world. The intervention type was AI, and the comparison was made with a control group that did not use AI tools. The outcome or result of the study was the creativity of children and adolescents.
Population: ‘Children’ OR ‘Adolescents’ OR “Teenagers” OR “Minors” OR ‘Underage’ 
Intervention: ‘AI’ OR ‘AI’ OR “Machine Learning” OR “Deep Learning” 
The comparison: (No specific comparison mentioned in the title) 
Outcome: “Creativity” OR “Creative Thinking” Or “Innovativeness” 
This search strategy was designed to find all studies related to the impact of AI technology on the creativity of children and adolescents under the age of 18 using PICO metanalysis. The inclusion criteria include all articles in Persian and English in the database. The databases used are Web of Science, PubMed/MEDLINE, Scopus, Google Scholar, Embase, international database, SID (Scientific Information Database), Magiran, IranDoc, elmnet, IranMedex, Iranian Archive for Scientific Documents Center (IASD), and Iranian National Library (INL). The articles must be published and their full text should be available. The articles to be evaluated and studied should be between 2000 and 2023. 
First, all selected articles were entered into EndNote X21 software (Thomson Reuters, New York, USA) and duplicate articles were removed. Then, two team members reviewed the selected titles and abstracts and removed any irrelevant articles from the study. We aimed to select articles that were related to the research topic. After selecting the appropriate articles based on the research objectives, the final selection was made through group discussion. The chosen articles were then entered into the next stages of the study for qualitative evaluation and information extraction. The data from the collected studies were extracted and entered into Excel software separately for the variables being studied. The data of the collected studies were entered after extraction in Excel software separately for the studied variables.
Ethical approval in this study, all procedures performed on human samples were conducted following the relevant guidelines and regulations of the Helsinki Declaration. The study protocol was approved by the Research Ethics Committee (IR.MEDSAB.REC.1402.135) in Iran.


Results
Out of a total of 80516 English articles identified in the initial search conducted between 2000 and 2023, article 831 was screened. 790 Studies were excluded after reviewing the title and abstracts because did not report relevant outcomes. Ultimately, 41 articles that directly addressed the research objectives were selected for inclusion in the study.
The basic characteristics of the 41 included studies, including author(s), year of study, sample size, age, gender, intervention, measures, findings, and limitations (Table 1) (Figure 1).
Eleven studies focused on children between the ages of 4 and 7 years, while 30 studies included children between the ages of 7 and under 18 years. With the exception of 2 studies, the remaining studies included both sexes. All the children and adolescents in the studies were healthy. Nine studies utilized the storytelling test((Antonietti, 2000), (Hui & Lau, 2006), (Smogorzewska, 2012), (Kara et al., 2013), (Smogorzewska, 2014), (Hoffman & Ju, 2014), (Elgarf et al., 2021), (Elgarf, 2022), (Calvo-Barajas & Castellano, 2022)),10 studies used the Torrance test((Luftig, 2000), (Fleith et al., 2002), (Garaigordobil, 2006), (Cheung, 2010), (Garaigordobil & Berrueco, 2011), (Dziedziewicz et al., 2013), (Dziedziewicz et al., 2014), (Sowden et al., 2015), (Azevedo et al., 2017), (Ali, 2019)), and the rest used other creativity tests to measure creativity with AI in children and adolescents.
It was common for these interventions to be conducted by a teacher or researcher within a school environment, with an emphasis on encouraging children to apply the techniques independently.
Discussion
The purpose of the systematic review was to determine whether the use of AI technology in children and adolescents under 18 years of age enhances their creativity.
While the term "creativity" is rooted in "create," it encompasses more than just the generation of new ideas. It also involves synthesizing those ideas into practical solutions, meaning the ability to generate ideas and then refine and combine them into workable solutions. Therefore, it appears that interventions that promote both convergent and divergent thinking are necessary.
Our findings indicated that most interventions and programs for fostering creativity were conducted in group settings or had a combination of individual and group tasks. This suggests the importance of fostering the social dimension of creativity in children, where creative ideas are developed through interactions, collaborations, and the exchange of ideas (Tadmor et al., 2012). Secondly, schools are the main places where creativity training takes place. Interventions are most commonly conducted in the school setting. This means that conducting interventions in a familiar location helps children to express their creative potential. Safe and natural environments are often associated with positive creative work, including stimulating divergent thinking and facilitating mental transformations(Jones, 2013). 
Third, teachers play a crucial role in fostering creativity in children. In nearly all of the interventions, teachers or professors were the main facilitators of creative training. However, our results demonstrate that these educators often lack adequate training in delivering creativity interventions (refer to the limitations column in Table 1). As a result, there are inconsistencies in the delivery of training, which hampers the effectiveness of the interventions. Additionally, Collard and Looney (2014) have also highlighted this issue(Collard & Looney, 2014) 
The author systematized a list of barriers in creativity education, emphasizing the significance of teacher training and curricula adjustment for creativity tasks. Fourth, the personalization of creativity interventions appears to be important. When interventions or programs are designed to target the creative process or the creative product, they become more comprehensive in their structure. For instance, they include the stimulation of various cognitive processing skills and employ a wider range of training techniques. However, the downside of this diversity is that it can be more difficult to determine which attributes of creativity are responsible for the effectiveness of the program. In this regard, programs that focus on the creative person are more specific and can be a good option to demonstrate the efficacy of a given program. Fifth, creativity interventions should extend beyond test-like activities. As indicated by our results, programmed instruction is the most commonly used delivery medium in all interventions and programs. This means that interventions heavily rely on providing concrete instructions to children, which results in programs that resemble evaluation tests rather than fostering creative activities that can inspire children's creativity. Given the importance of play in children's development, alternative programs with playful attributes should be considered(Davies et al., 2013).
For this purpose, it would be beneficial to explore additional methods of measuring creativity, such as behavioral and verbal analysis. These methods should utilize a validated coding scheme that clearly defines which creative behaviors can be coded. This is especially relevant when the intervention is aimed at young children (Said-Metwaly et al., 2017). 
Sixth, opportunities for autonomy are opportunities for creativity. One of the most surprising results that emerged was the discovery of multiple interventions that allowed children to use the training independently, without the need for external administrators. Therefore, providing programs that empower children to be autonomous is beneficial for fostering creativity. We believe that new technological media, such as robots, computers, and smart objects, can facilitate autonomy in creativity. This can be achieved through tasks that are designed for children, for example, assembling a robot using child-friendly instructions (e.g., LEGO Mindstorms) or programming a robot using a computer (e.g., LOGO programming environment developed by Papert, 1980). Additionally, our results demonstrate that interventions focused on autonomy were mostly conducted in groups, highlighting the positive impact of group interactions on collective creativity.
Several limitations need to be considered when looking at the effect of Artificial Intelligence on the creativity of children and adolescents under 18 years of age.
One important limitation is the lack of long-term studies on the subject. Most research in this area focuses on short-term effects, making it difficult to determine the true impact of AI on creativity over time. Another limitation is the potential bias in the studies that have been conducted. Many of the studies rely on self-report measures or observations, which may not provide an accurate reflection of the impact of AI on creativity.
Additionally, the age range of participants in the studies can vary widely, making it challenging to generalize findings to all children and adolescents under 18 years of age. Different age groups may respond differently to AI, so it is important to consider this when interpreting the results of studies. Overall, while there is evidence to suggest that AI can have both positive and negative effects on the creativity of children and adolescents, more research is needed to fully understand the complexities of this relationship.
Firstly, it aims to collect and summarize evidence of interventions and programs that utilize AI (such as robots, gamification, image media, virtual robots, the Droodle Creativity game, the MagicDraw game, WeDo construction tasks, storytelling games, social robots, AI-powered music-making tools, etc.) specifically designed for children. Secondly, it proposes an extended coding scheme that can be used to analyze creativity interventions at different levels.
Although this systematic review extensively covered many years of research in the field of creativity with AI technology (robot, gamification, image media, virtual robot, the Droodle Creativity game, the MagicDraw game, WeDo construction task, the storytelling game, social robot, AI-powered music-making tool, etc.), there are some limitations that need to be addressed. Overall, there seems to be a need for additional programs or interventions for creativity. There is still room for development that focuses on practical innovation, taking into account cross-field differences in the nature of creative thought and combining the effects of creativity on individuals and social systems. Domain differences, such as mathematical-logical and verbal-symbolic, among others, also contribute to differences in creativity expression. Although this work did not analyze domain differences in creativity interventions, future work should describe programs based on the domain being stimulated. Furthermore, a significant number of interventions considered no intervention as a control condition in a randomized controlled trial to avoid the Hawthorne effect.
Finally, this work does not include articles that only provided qualitative results. In this context, creativity was viewed as an end-goal. However, to fully understand the benefits of creativity, it should be examined more closely in light of qualitative results. Additionally, more emphasis should be placed on the creative process and creative meanings. In future work, expanding the scope of the search could provide a more comprehensive overview of other research efforts in this field.
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Table 1. Characteristics related with creativity of the children and adolescents under 18 years of age included in this systematic review (EX = Experimental condition, CT = Control condition, CM = Comparison condition)


	
	Author
	Publication title


	Sample N 
	gender Age, 
	Intervention 
	Measures 
	Main findings
	Limitations 

	1
	Antonietti (2000)(Antonietti, 2000) 
	Enhancing creative analogies in primary school children
	450 
	n/a, 5-7years
	EX1: Real life Analogies; EX2: socioemotional analogies; EX3: Text Analogies; CT: No intervention 
	ABCD Test, Story Test, Problem Test, and Association 
Test 
	EX1, EX2, EX3 > CT 
	n/a 

	2
	Luftig (2000)(Luftig, 2000) 
	An investigation of an arts infusion program on creative thinking, academic achievement, affective functioning, and arts appreciation of children at three grade levels.
	615 
	both, 7-11 years
	EX: SPECTA+ program; 
CM: Innovative Program; 
CT: No intervention 
	Torrance Test of 
Creative 
Thinking 
	EX > CM, CT 
	n/a 

	3
	Fleith, Renzulli, and Westberg 
(2002)(Fleith et al., 2002) 
	Effects of a creativity training program on divergent thinking abilities and self-concept in monolingual and bilingual classrooms.
	217 
	both, 8-12 years
	EX: New Directions in Creativity Program; CT: 
No intervention 
	Torrance Test of 
Creative 
Thinking 
	EX > CT 
	Small sample size; cultural differences were not considered 

	4
	Majid, Tan, and Soh (2003) (Majid et al., 2003)
	Enhancing children’s creativity: An exploratory study on using the Internet and SCAMPER as creative writing tools.
	60 
	both, 10-11 years
	EX: Writing withSCAMPER; CM: Writing 
with Internet; CT: Normal writing task 
	Language Creativity 
Score Sheet; 
Creativity,
Rating Scale 
	CM > EX, CT 
	n/a 

	5
	Garaigordobil, and Landazabal 
(2005)(Garaigordobil Landazabal, 2005)
	Prosocial and reative play: ffects of a programme on  the verbal and nonverbal intelligence of children aged 10-11 years.
	86
	both, 10-11 years  
	EX: Prosocial and Creative Play Program; CT: Ethics and arts exercises 
	Word Association 
Test and Kaufman 
Brief Intelligence 
Test 
	EX > CT 
	Lack of controlled characteristics of program administrators and setting’s variables 

	6
	Garaigordobil (2006)(Garaigordobil, 2006) 
	Intervention in creativity with children aged 10 and 11 years: Impact  of a play program on verbal and graphic-figural creativity.
	86
	both, 10-11 years
	EX: Cooperative-Creative Play Program; CT: plastic arts 
	Torrance Test of Creative Thinking, and Creation of a painting 
	EX > CT 
	Lack of controlled characteristics of the program administrator and setting’s variables 

	7
	Hui and Lau (2006)(Hui & Lau, 2006)
	Drama education: A touch of the creative mind and communicative?expressive ability of elementary school children in Hong Kong.
	126
	both, 7-9  years  
	EX: Drama Project; CT: No intervention 
	Wallach-Kogan 
Creativity Tests, 
Tests for Creative 
Thinking-Drawing 
Production, and 
Storytelling Test 
	EX > CT 
	n/a 

	8
	Daniel Memmert(2006)(Memmert, 2006)
	Developing creative thinking in a gifted sport enrichment program and the crucial role of attention processes
	55
	Both,8.4  years
	EX: Specific treatment – soccer, Specific treatment − field hockey
	Game-test situations
	EX > CT
	n/a

	9
	Burke and 
Williams (2008)(Burke & Williams, 2008) 
	Developing young thinkers: An intervention aimed to enhance children's thinking skills
	178
	both, 11-12  years  
	EX1: Individual Thinking Skills Program; EX2: Collaborative Thinking Skills Program; CT: 
No intervention 
	Thinking Skills Assessment 
	EX1, EX2 > 
CT; EX1 < 
EX2 
	Lacks control of the disposition to learn thinking skills 

	10
	Justo (2008)(Franco Justo, 2008)
	Creative relaxation, motor creativity, self-concept in a sample of children from Early Childhood Education
	36
	both, 5-6  years
	EX: Creative Relaxation Program CT: Children lie down w/ eyes closed 
	Thinking Creatively in Action and 
Movement 
Test 
	EX > CT 
	n/a 

	11
	Maker, Jo, and Muammar (2008)(Maker et al., 2008)
	Development of creativity: The influence of varying levels of
implementation of the DISCOVER curriculum model, a non-traditional pedagogical approach
	1986
	n/a,
5-12    years
	DISCOVER Program 
	Test of Creative Thinking-Drawing
Production
 
	DISCOVER
 increased creativity over years
	Usage of only
one instrument to measure 
creativity; dropouts during the study; heterogeneity of the sample; non-expert administrators of measures 

	12
	Moore and Russ (2008)(Moore & Russ, 2008) 
	Follow-up of a pretend play intervention: Effects on play, creativity, and emotional processes in children
	50
	both, 6-8  years
	EX1: Play imagination; EX2: Play-affect; CT: 
Puzzle play 
	Alternate Uses Test 
	EX1, EX2 < CT 
	Low power; different program administrator; poor testing conditions 

	13
	Pagona and Costas (2008)(Pagona & Costas, 2008) 
	The development of motor creativity in elementary school children and its retention
	82
	both, 9  years
	EX: Special Physical Education Program; CT: 
No intervention 
	Motor Creativity Test 
	EX > CT 
	n/a 

	14
	Cheung (2010)(Cheung, 2010) 
	Designing movement activities to develop children's creativity in early childhood education
	60
	n/a, 
5-6  years
	Movement Activity Program 
	Torrance Test of Creative Thinking 
	Movement 
Activity increased creativity skills in children from different schools 
	Children with limited experience 
in creative 
movement; no control condition; no pre-posttest design 

	15
	Garaigordobil and Berrueco (2011)(Garaigordobil & Berrueco, 2011) 
	Effects of a play program on creative thinking of preschool children
	86
	both, 5-6  years
	EX: Cooperative- Creative Play Program; 
CT: No intervention 
	Torrance Test of Creative Thinking, and Scale of Creative Behaviors and Personality 
Traits 
	EX > CT 
	Lacks controlled characteristics 
of the person who administers the program

	16
	Smogorzewska (2012)(Smogorzewska, 2012) 
	Storyline and associations pyramid as methods of creativity enhancement: Comparison of effectiveness in 5-year-old children
	128
	n/a, 5-6  years
	EX1: Storyline Method; EX2: Associations Pyramid Method; CT: 
Telling stories 
	Ratings of external judges 
	EX1, EX2 > 
CT; EX1 = 
EX2 
	Unbalanced conditions; lacks preposttest design 

	17
	M. Ott and F. Pozzi(2012)(Ott & Pozzi, 2012)
	Digital games as creativity enablers for children
	40
	both, 8-10  years
	game-based learning
	Generating,Planning,Producing
	EX > CM
	the lack of a
control group.

	18
	AlfonsoBenlliure, 
Meléndez, and 
García Ballestros 
(2013)(Alfonso-Benlliure et al., 2013)  
 
	Evaluation of a creativity intervention program for preschoolers
	44
	both, 5-6  years
	EX: Creativity Intervention Program; CT: Regular 
classes  
	Child Creativity Test 
	EX > CT 
	n/a 

	19
	Dziedziewicz, 
Oledzka, and 
Karwowski 
(2013)(Dziedziewicz et al., 2013) 
	Developing 4-to 6-year-old children's figural creativity using a doodle-book program
	128
	both, 4-6  years
	EX: Doodle-Book Program; CT: No intervention 
	Franck Drawing Completion Test, and Torrance Test of Creative Thinking 
	EX > CT 
	Priming effect; lacks control of external variables 

	20
	Akar and SengilAkar (2013)(Akar & Sengil-Akar, 2013) 
	The Effectiveness of the Creative Reversal Act (CREACT) on Students' Creative Thinking: Further Evidence from Turkey
	26
	both, 10-11  years  
	CREACT 
	Conceptualization, drawing, and painting tasks 
	CREACT Was 
effective on developing children’s creative thinking performance 
	Lacks control group 

	21
	Kara, Aydin, and Cagiltay (2013)(Kara et al., 2013) 
	Investigating the activities of children toward a smart storytelling toy
	90
	both, 4-6  years
	EX1: StoryTech Program individual; EX2: StoryTech Program collaborative; CT1: passive toy activity individual; CT2: passive toy activity individual 
	Story patterns, and number of imaginative objects 
	EX1, EX2 > CT 1, CT 2 
	n/a 

	22
	Dziedziewicz, 
Gadja, and 
Karwowski 
(2014)(Dziedziewicz et al., 2014) 
	Developing children's intercultural competence and creativity
	121
	both, 8-12  years
	EX: Creativity Compass Program; CT: No intervention 
	Franck Drawing Completion Test, and Torrance Test of Creative Thinking 
	EX > CT 
	Possible priming effect 

	23
	Smogorzewska (2014)(Smogorzewska, 2014) 
	Developing children's language creativity through telling stories–An experimental study
	460
	both, 4-5  years
	EX1: Storyline Method; EX2: Associations Pyramid Method; CT: 
Listen to stories 
	Behavior analysis of storytelling 
	EX1, EX2 = CT 
	Only one measure of 
creativity; Lacks measurement of motivation to perform the study 

	24
	Gordon, Breazeal, and Engel (2015)(Gordon et al., 2015) 
	Can children catch curiosity from a social robot?


	71
	both, 3-8  years
	EX: Curious robot; CM: Curious tablet; CT: Noncurious robot 
	Free Exploration, 
Question 
Generation, and 
Uncertainty 
Seeking  
	EX, CM > 
CT; EX = 
CM 
	n/a 

	25
	Sowden, 
Clements, 
Redlich, and 
Lewis (2015) Study 1
(Sowden et al., 2015) 

	Improvisation facilitates divergent thinking and creativity: Realizing a benefit of primary school arts education
	27
	both, 9-10  years
	EX: Dance improvisation Program; CM: Command-
style dance 
	Consensual 
Assessment 
Technique, and 
Product Design 
Task 
	EX > CM 
	n/a 

	26
	Sowden, 
Clements, 
Redlich, and 
Lewis (2015) – 
Study 2(Sowden et al., 2015) 
	Improvisation facilitates divergent thinking and creativity: Realizing a benefit of primary school arts education
	34
	n/a, 
10-11 years
	EX: Improvisation Games 
Program; CT: No intervention 
	Torrance Test of Creative Thinking 
	EX > CT 
	Lacks control for individual differences between participants 

	27
	Doron (2016)(Doron, 2016) 
	Short term intervention model for enhancing divergent thinking among school aged children
	150
	both, 9-13 years  
	EX: Intervention Model for 
Enhancing Divergent Thinking; CT: No intervention 
	Tel Aviv Creativity Test 
	EX > CT 
	Lacks additional creativity evaluation metrics. Lacks comparison condition 

	28
	Hoffmann and Russ (2016)(Hoffman & Ju, 2014) 
	Designing robots with movement in mind
	42
	Femail, 
5-8  years  
	EX: Pretend Play 
Intervention; CT: Puzzles, coloring sheets, etc 
	Affect in Play 
Scale, Alternate 
Uses Task, Storytelling Task, and Behavior analysis 
	EX > CT 
	Small sample and gender specific 

	29
	Azevedo, Morais, and Martins (2017)(Azevedo et al., 2017) 
	Educação para a criatividade em adolescentes: Uma experiência com future problem solving program internacional
	131
	both, 12 − 15  years
	EX: Future Problem 
Solving Program International; CT: No intervention 
	Torrance Test 
Creative 
Thinking 
	EX > CT 
	Lacks control group 

	30
	Safinah Arshad Ali(2019)(Ali, 2019)
	Designing child robot interaction for facilitating creative learning
	51
	both,6-10  years
	Droodle,Magic Draw,Jibo,
	the Torrance Test of
Creative Thinking.
	EX > CT
	measures of assessing creativity are still debated, competitive perception

	31
	Maha Elgarf(2021)(Elgarf et al., 2021)
	Once upon a story: Can a creative storyteller robot stimulate creativity in children?
	38
	both,6-12 years
	robot exhibiting creative behavior
	verbal and performance creativity
	EX < CT
	n/a

	32
	Safinah Ali(2021)(Ali et al., 2021)
	Social robots as creativity eliciting agents
	43
	both,6-10  years
	the Droodle Creativity game,the MagicDraw game,WeDo construction task
	the verbal and
figural module of the TTCT

	EX > CT
	self contained and involve single interactions, a complex understanding on the scene

	33
	M Elgarf(2022)(Elgarf, 2022)
	Child-Robot Behavioral Alignment and Creativity Performance
	210
	both,5-10  years
	the storytelling game
	fluency, flexibility, elaboration and originality
	EX > CT
	n/a

	34
	Maha Elgarf(2022)(Elgarf et al., 2022)
	“And then what happens?” Promoting Children's Verbal Creativity Using a Robot
	69
	both,7-9  years
	social robot
	fluency, flexibility, elaboration, and originality.
	EX > CT
	n/a

	35
	Natalia Calvo-Barajas(2022)(Calvo-Barajas & Castellano, 2022)
	" I have an idea!" enhancing children's verbal creativity through repeated interactions with a virtual robot
	16
	both,9-12  years
	virtual social robot, interactive storytelling game
	Fluency, Flexibility, Elaboration, Originality, Expressiveness, Acknowledgement, Entrainment, Social Behaviour Measures
	EX > CT
	COVID-19 introduced,

	36
	Jiahong Su(2023)(Su & Yang, 2023)
	Artificial intelligence (AI) literacy in early childhood education: An intervention study in Hong Kong
	26
	both,4  year
	AI4KG program
	 design a chatting robot via imagination, while older children created an AI robot to assist people in their drawings
	EX > CT
	n/a

	37
	Ilene R. Berson(2023)(Berson et al., 2023)
	An exploration of robot programming as a foundation for spatial reasoning and computational thinking in preschoolers’ guided play
	-
	both,3-4  years
	AI-powered music-making tool
	the robot
	EX > CT
	n/a

	38
	M. Kučić, L. Luić(2023)(Kučić & Luić, 2023)
	TailorScore: Application of Innovative Teaching and Artificial Intelligence to Encourage Creativity
	27
	both,6-18  years
	defining the problem, need finding and synthesis, ideation, prototyping, and testing
	TailorScore
	EX > CT
	n/a

	39
	Sitti Salma(2023)(Salma et al., 2023)
	Teachers' Actions in Optimizing Children's Creativity by Promoting Their Ideas Through Image Media Post the Covid-19 Pandemic
	13
	both,6-12 years
	re-planning, action, observation, and reflection
	Fluency, Flexibility, Originality, Elaborates
	EX > CT
	n/a

	40
	Marius Bănuț(2023)(Bănuț et al., 2023)
	Creativity Pedagogy: Students’ Expression Through Music And Programming
	25
	both,10-11 years
	a series of audio-digital products
	Music and programming
	EX > CT
	n/a

	41
	Yan Zhang(2023)(Zhang, 2023)
	Fostering creativity in K12 education with gamification


	4
	Both,6-12 years
	Gamification
	gamification mechanisms
	EX > CT
	the use of the snowball method, the sample size, a purposive sampling approach, self-report measures, extensively delve into the potential drawbacks











