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 This study investigated students' perceptions of using an AI-based chatbot 
featuring Marie Curie in Chemistry education. This study involved two 9th-grade 
classes in Lisbon (N = 37) and followed a concurrent mixed methods design.A 
questionnaire with seven closed-ended questions and one open-ended question was 
used. The data analysis methodologies applied included descriptive statistics, 
inferential statistics, and content analysis. Quantitative data revealed that students 
found the development of competencies such as reasoning, information 
processing, scientific knowledge, and critical thinking to be adequate, though 
interpersonal skills development was less evident. No statistically significant 
gender differences were found. Qualitative analysis identified main categories with 
gendered patternThe findings indicate that integrating an AI-based educational 
chatbot into Chemistry lessons was perceived as clear and engaging, highlighting 
its potential to enhance STEM learning and promote female role models, while 
underscoring the need for collaborative methodologies to foster relational skills. 
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INTRODUCTION 

In recent years, technological progress has accelerated considerably. New ways of 
interaction between humans and machines have emerged, such as chatbots. Forecasts 
indicate an even greater adoption in the coming years. In contemporary society, 
education plays a key role in preparing individuals to cope with the ongoing social 
challenges of a world that is evolving at an ever-faster pace. Artificial Intelligence (AI) 
is becoming deeply integrated into daily life which emphasizes the importance of 
rethinking education in order to promote scientific and technological literacy, equipping 
future citizens to critically understand and make use of AI technologies (Araújo & 

http://www.e-iji.net/
https://doi.org/10.29333/iji.2026.19420a


390                        Middle School Students’ Perceptions of Learning the Periodic … 

 

International Journal of Instruction, October 2026 ● Vol.19, No.4 

Saúde, 2024). It may be argued that artificial intelligence is widely acknowledged as a 
pivotal technology for the transformation of 21stcentury education (Guo et al., 2025). 

UNESCO has outlined a comprehensive framework for teaching and applying artificial 
intelligence through a human-centred perspective, emphasizing the role of AI in 
supporting human agency as well as promoting diversity, equity, and inclusion. A key 
principle highlighted in the UNESCO report is the positioning of generative AI as an 
educational tool designed to enrich and extend learning experiences (Subasinghe et al., 
2025). 

These technologies can strengthen students’ analytical abilities while providing a low-
cost tool (Udosen, 2024). Artificial intelligence (AI) in education offers additional 
benefits for rooted in pedagogical principles that emphasize student-centred learning. It 
enhances accessibility and inclusivity, providing personalized learning opportunities 
that adapt to individual needs and learning styles: AI supports self-paced learning, 
enabling students to progress according to their abilities and receive immediate 
feedback (Kemousse & Khaldi, 2025). Furthermore, it facilitates information retrieval 
and problem-solving, giving learners quick access to relevant resources and 
explanations (Akhmetova et al., 2025; Gunsaldi et al., 2025).  

Involving and preparing the younger generations specifically for the evolving landscape 
of Science Education encompasses the systematic exploration and integration of AI 
applications in science into both school and university curricula (Alli, 2025). Indeed, AI 
presents several opportunities in the field of Chemistry Education: virtual laboratories, 
experiments, simulations, and evaluation methods (Erümit & Sarıalioğlu, 2025).   

Because Chemistry often involves complex and abstract concepts that are difficult to 
visualize, AI-powered technologies offering personalized and interactive learning 
experiences can provide significant benefits. Evidence shows that such tools not only 
improve students’ understanding of chemical concepts (Subasinghe et al., 2025) but 
also foster higher-order thinking skills, engagement, and motivation through adaptive 
feedback and interactive simulations (Akhmetova et al., 2025; Erümit & Sarıalioğlu, 
2025; Gunsaldi et al., 2025). In this way, AI presents promising opportunities to address 
long standing challenges in Chemistry Education, such as limited student engagement 
and difficulties in grasping abstract content (Alli, 2025).  

Recently, the use of Generative Artificial Intelligence (GenAI) based on Large 
Language Models (LLMs), such as ChatGPT and Gemini, has also generated increasing 
interest in Chemistry Education. The rapid development of LLMs is likely to disrupt 
established teaching practices, redefining classroom dynamics, laboratory instruction, 
and the responsibilities of both educators and students. Learners will be expected to 
adapt to this shifting educational context, where such technologies are integrated, and to 
take a more active role in managing their own learning (Maughan et al., 2025). 

Chemistry forms an integral part of the school curriculum and is widely regarded as a 
cornerstone discipline underpinning advances in science, technology, engineering, and 
industry (Vega, 2024). AI shows great potential in transforming Chemistry Education 
by offering adaptive, personalized learning experiences that enhance student 
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engagement and provide real-time individualized support (Huwer et al., 2025). At the 
same time, it carries potential drawbacks that demand careful consideration. A further 
issue of concern is the possibility that AI may replicate and amplify pre-existing 
inequities in education. Because AI models are built on historical data, they are 
susceptible to embedding biases related to race, gender, or socio-economic background. 
If such biases are not adequately addressed, AI applications may unintentionally 
reinforce unequal learning outcomes. For instance, when datasets fail to sufficiently 
represent diverse demographic groups, the resulting systems may deliver inappropriate 
or less effective support, thereby deepening gaps in educational access and achievement 
and limiting the progress of disadvantaged learners (Alli, 2025). These challenges 
parallel broader critiques of science and knowledge production, which highlight 
enduring patterns of exclusion and inequality. Historically, scientific activity has been 
dominated by a restricted set of voices, marginalising women and minority groups and 
reinforcing asymmetrical power structures within research communities (Saputro, 
2022). 

 This dynamic has sustained the portrayal of science as universal and objective, while 
simultaneously concealing underlying hierarchies and mechanisms of exclusion. In 
educational contexts, such dynamics are mirrored in curricula and instructional 
practices that present science as neutral yet often reproduce gendered and cultural 
biases. Confronting these inequities requires recognising the social dimensions of 
scientific knowledge and advancing a more inclusive and equitable vision of science 
(Martínez-Galaz et al., 2024). At present, it is essential to confront issues of gender 
within science education by fostering critical awareness of persistent stereotypes and 
encouraging practices that enable students to reflect on, question, and ultimately 
dismantle such assumptions. This involves not only examining gender representations 
but also considering who is granted visibility and access within the scientific 
community (Fernandes & Cardim, 2018). 

Coccoli et al. (2021) have examined factors shaping women’s abilities, interests, and 
educational choices. Research highlights how gender stereotypes, culture, role models, 
competition, risk aversion, and personal interests contribute to the STEM subjects 
(Science, Technology, Engineering and Mathematics) gender gap from childhood 
through higher education and into the workforce. Addressing the underrepresentation of 
women in STEM continues to be a significant challenge for European policy. These 
concerns surrounding bias in AI and the reproduction of social inequalities point to the 
broader issue of how gender shapes participation in science and technology even 
nowadays. While AI offers new opportunities for educational innovation, it also 
intersects with long standing patterns of exclusion that have historically limited 
women’s and minority groups. Literature sheds important light on these dynamics, 
underscoring the role of social norms, stereotypes, and cultural expectations in shaping 
both access to and participation in STEM fields. Gender differences are evident, with 
men tending to engage with new technologies earlier than women, a pattern shaped by 
confidence, educational trajectories, and prevailing social norms (Draxler et al., 2023). 
Research has also indicated that classes integrating information and communication 
technology tend to have a stronger impact on male students compared to female 
students. Nevertheless, Lee et al. (2022) study revealed that both genders gained 
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advantages from these classes. Interestingly, female students showed a larger growth in 
their interest in science than their male counterparts. In the study presented by Draxler 
et al. (2023), the gender gap was most pronounced among young and middle-aged 
adults (18–24 years) and was non-existent in older age. The researchers found no 
differences in LLM usage between male and female respondents who had received 
technology education at college. This highlights the importance of addressing the 
gender gap as early as possible. On the other hand, Benotti et al. (2014) reports on the 
use of the educational Chatbot, in online competitions and classroom settings, aimed at 
enhancing student engagement and retention, particularly among girls, while teaching 
basic computer science concepts. Results showed higher engagement indicators—task 
completion, participation, enthusiasm, and self-reported interest. In online activities, 
task completion and participation increased fivefold with Chatbot, and in classroom 
settings, girls reported greater interest and willingness to learn using Chatbot. The 
findings of Møgelvang et al. (2024) indicate that female university students primarily 
use generative AI chatbots for text comprehension and translation, while expressing 
stronger concerns than men about critical use and the risk of reduced independent 
thinking. They also report a greater need for guidance on when and how to trust chatbot 
outputs. Conversely, men experiment more freely and show fewer reservations.  

Another topic increasingly emphasized in recent literature is the importance of fostering 
a sense of belonging in relation in STEM (Keast, 2022). This sense of belonging 
encompasses being recognized, accepted, and legitimized as a valued member of a 
given community. Moreover, in addition to well documented factors such as gender 
stereotypes, another significant determinant of women’s participation is the presence of 
female role models—women physicists or scientists who provide crucial references 
within the field. Nevertheless, gender bias in the representation of women persists in 
school textbooks. Rosa & Mensah (2016) argue that the portrayal of women continues 
to reinforce traditional roles, depicting them primarily as concerned with their 
appearance, engaged in domestic tasks, or caring for children. In contrast, men are 
predominantly represented as historical figures of science and as active agents in 
scientific practice. Furthermore, in a recent study conducted in Japan, Donnellan (2024) 
found that men were most often associated with imagery connected to machines, 
whereas women were linked to themes of nature. A similar bias is evident in primary 
and lower secondary science textbooks: not only are women scientists largely absent, 
but female figures are also underrepresented across professional categories more 
broadly. Consequently, in the Portuguese context, findings from Cardim et al., 2024) 
indicate that 7th grade Physics and Chemistry textbooks include far fewer references to 
women scientists compared to their male counterparts. 

Among the diverse applications of AI, chatbots represent a software system capable of 
engaging in text-based interactions that simulate human communication (Chang et al., 
2023). Building on this premise, the present study developed a scientific inquiry activity 
utilizing AI-driven chatbot, using School AI®, regarding application of AI in Chemistry 
Education, restructuring traditional inquiry-based science instruction. School AI® is 
recognized for its compliance with the General Data Protection Regulation (GDPR) in 
Europe and for its multilingual support, providing a range of features to assist both 
teachers and students. Notably, it includes an interactive chatbot that allows students to 
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engage with female historical figures, as Marie Curie. Contemporary scholars in science 
education widely acknowledge the importance of incorporating the history, philosophy, 
and sociology of science as a means of enhancing students’ critical understanding of 
scientific knowledge (Gomes & Francisco Junior, 2024). Morgan (2024) reports on her 
educational intervention in the teaching of catalysis and catalytic reactors, where she 
introduced female role models, both historical (e.g., Elizabeth Fulhame, a pioneer 
before the term ‘catalysis’ even existed) and contemporary experts in the field (e.g., 
Frances Arnold, Anne Gaffney, Rebecca Fushimi, Maria Flytzani-Stephanopoulos, 
Kathleen C. Taylor). Students’ exposure to examples of women’s scientific 
contributions improved inclusivity and enhanced representation using role models. Most 
students considered it important to achieve gender balance in the models presented in 
the content. Many appreciated the effort and felt that the inclusion of female examples 
had a positive impact on their perception of the topic. 

Since the potential and limitations of using chatbots in science education are not yet 
fully defined (Deveci Topal et al., 2021; Gunsaldi et al., 2025), and the literature 
provides limited insights into how this technology can impact science education 
(Aydin-Günbatar et al., 2025) — with most studies focusing on higher education 
students (Sun & Zhou, 2024) and few empirical studies being conducted in STEM (Guo 
et al., 2025) — the use of AI in STEM education remains at an embryonic stage 
(Akhmetova et al., 2025). Early adolescence is a key phase in which young people 
begin to shape their STEM identity and explore potential career paths. Introducing 
students to STEM professions during middle school is crucial, as research indicates that 
children who lack interest in STEM by around age 10 are unlikely to develop such 
aspirations by the age of 14 (Lee et al., 2021). Although Generative AI is increasingly 
discussed in educational research, empirical evidence regarding its use in lower 
secondary STEM education remains limited. In particular, few studies adopt a gender-
focused perspective or examine how AI-based chatbots may support equity and female 
representation in STEM. Additionally, many implementations lack a clear pedagogical 
grounding. Addressing these gaps, this study explores the integration of an 
instructionally designed AI chatbot in lower secondary Chemistry, with attention to 
gender-related outcomes.The relevance of this study is situated within this context, 
leading to the following research questions: ‘What are the perceptions of middle school 
students regarding the use of an AI tool in learning the Periodic Table?’ and ‘Do these 
perceptions differ according to students’ gender?’ 

METHOD 

In order to address these two research questions, a concurrent mixed-methods design 
was employed. The data were collected concurrently, and both the quantitative and the 
qualitative datasets were given equal weights when drawing conclusions. The responses 
from the closed and open-ended questions were analysed separately. The mixed-
methods design allowed the researchers to triangulate data, and this may be considered 
relevant in a new field of research (Kumar, 2011) such as gender perspective in GenAI. 
It is important to clarify at this stage that “sex” and “gender” are distinct concepts: 
“sex” refers to biological attributes, encompassing male, female, or other classifications, 
whereas “gender” denotes a socially and culturally constructed identity related to 
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masculinity, femininity, both, or neither (Gonsalves, 2014). Simplifying this complexity 
into a binary framework may constrain students’ identities within educational settings 
(Traxler et al., 2016). Despite recognizing the multifaceted nature of gender identity, the 
authors adopted a binary model in this study due to the limited availability of published 
research on the subject. This approach, which conflates sex and gender using 
generalized terminology for clarity, aims to initiate constructive dialogue on gender-
inclusive practices in Chemistry education.  

Participants 

A total of 37 ninth-grade (middle school) students (20 girls and 17 boys) from two 
classes of a secondary school located in the metropolitan area of Lisbon, Portugal, 
participated in this study. 

Data Collection Tools 

The learning proposal was integrated into the 9th grade Physics and Chemistry subject, 
within the scope of the topic “Properties of Materials and the Periodic Table”. 
According to the Essential Learnings defined by the Ministry of Education, strategic 
teaching actions should be developed, such as research tasks framed by guiding 
problem questions and supported by work guides, with progressive autonomy 
(Aprendizagens Essenciais de Físico-Química 9º Ano, 2018). 

Thus, a structured guide was developed, incorporating questions related to the History 
of Chemistry, a prominent historical female figure (Marie Curie), and the Periodic 
Table. The questions addressed to the students are presented in Table 1. The learning 
activity commenced with students accessing a virtual classroom via their smartphones 
(https://app.schoolai.com/space?code=FLDH), where they engaged with a chatbot 
designed to embody the historical figure of Marie Curie. 
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Table 1 
Learning objectives and questions posed to students 
Learning objectives  Questions 
Relating the historical 
contextualization of the 
Periodic Table and scientific 
discoveries 

"What was the Periodic Table like in Marie Curie’s time?" 
"Which elements were already known?" 
"Why was Marie Curie awarded two Nobel Prizes?" 

Identifying Marie Curie’s 
discoveries and radioactivity 

"Where are the two elements discovered by Marie Curie 
located in the Periodic Table?" 
"Which elements in the Periodic Table are radioactive? Is 
potassium radioactive? Do we have radioactive atoms in our 
body?" 

Exploring applications and 
social implications of science 

"What are the advantages and disadvantages of using nuclear 
energy?" 

Recognizing structure and 
organization of the modern 
Periodic Table 

"How is the current Periodic Table structured and organized? 
Where are the metals, metalloids, and nonmetals located?" 
"How is the Periodic Table organized?" 

Understanding periodic trends "Why do elements of the same group have similar chemical 
properties?" 
"What do elements belonging to the same period have in 
common?" 

Identifying synthesis and 
future perspectives of 
Chemistry 

"Why are some chemical elements synthesized in 
laboratories? Where are they located in the Periodic Table?" 
"Will new chemical elements still be discovered?" 

The students were expected to ask all the questions contained in the guide. This chatbot 
had two distinctive features. The chatbot interacted with the students not only in 
Portuguese language but also posing new questions to them. Examples of questions 
posed by the chatbot include: Do you know how scientists discover new elements? or 
Would you like to learn how I found radium? The students’ responses were recorded on 
the platform and accessed by the class teacher through the usernames used for login. 
Subsequently, four of the students’ answers were evaluated by the teacher within the 
scope of formative assessment in the subject. 

Students completed a questionnaire consisting of seven closed-ended items on a five-
point Likert scale (1-strongly disagree; 2-disagree; 3-neither agree nor disagree; 4-
agree; 5-strongly agree). Four items addressed students' perceptions regarding the 
development of competencies (table 2) outlined in the Student Profile at the End of 
Compulsory Education (PASEO) (Perfil Do Aluno à Saída da Escolaridade Obrigatória, 
2017), as well as one open-ended question on their overall perception of the activity. 
The remaining items were related to other perceptions: the clarity of the task objective, 
the use of this type of tool in Chemistry classes, and the usefulness of the tool for 
learning the Periodic Table. An additional question was included regarding the gender 
with which students identified. 

The open-ended responses were collected through a Google Forms questionnaire, which 
students accessed using their school email accounts; it was administered in class during 
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a lesson held after the completion of the task, in Portuguese, with a fixed time limit set 
by the teacher, and the responses were subsequently translated into English language. 

Table 2 
Competences outlined in PASEO to be developed through the activity, along with their 
description (adapted from Perfil Do Aluno à Saída da Escolaridade Obrigatória (2017)) 
Competencies outlined in 
Student Profile at PASEO 

Description of the competence described in PASEO 

Scientific, technical and 
technological knowledge 

Students are expected to develop solid and up-to-date 
knowledge in these areas, capable of supporting the 
understanding of the natural and technological world and 
applying it in problem-solving and informed decision-
making. 

Interpersonal relationships The aim is to foster the ability to collaborate, communicate 
effectively, respect different viewpoints, and work in teams, 
which are essential skills for social life and professional 
contexts. 

Reasoning, information and 
communication 

Students are expected to be able to rigorously analyse 
information, question assumptions, evaluate alternatives, and 
at the same time, imagine innovative solutions, mobilizing 
creativity to face challenges in an original way. 

Critical thinking; and creative 
thinking 

The goal is to develop information literacy, the ability to 
search for, select, interpret, and communicate data clearly 
and responsibly, using different languages and media. 

Data Analysis 

The quantitative data were analysed using descriptive and non-parametric statistics with 
SPSS® software, version 29, and Microsoft Excel®. The independent variables, derived 
from the questionnaire, were analysed in relation to the descriptive variable of gender. 
For this purpose, the Mann–Whitney U test was applied with a significance level of 
0.050. This test is applied to independent samples when the data distribution is non-
normal or when the sample size is small (N<50) (Maroco, 2007). Internal consistency 
was evaluated using Cronbach’s alpha to assess the reliability of the four Likert-type 
items measuring perceptions of competence development. The open-ended question 
(qualitative data) was examined through content analysis, with responses classified and 
categorized according to their relevance to the research problem. After a preliminary 
reading, an attentive reading was conducted, and the categories were deduced from the 
discourse. The most significant ideas and concepts were recorded to enable subsequent 
treatment and interpretation of the findings (Bardin, 2024).  

FINDINGS 

The internal consistency of the scale was assessed using Cronbach’s alpha. The four 
Likert-type items measuring perceptions of competence development showed 
acceptable reliability (α = 0.712). This result indicates a satisfactory level of internal 
consistency among the items, suggesting that they coherently capture a single 
underlying construct related to participants’ perceptions of competence development. 
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According to the students’ feedback from the Likert scale questionnaire (quantitative 
data), figure 1 shows that the most frequent response across perceptions was 'neither 
agree nor disagree,' followed by 'agree' except for the perception regarding the 
development of the competency “interpersonal relationships.” It is thus considered that 
students found the development of competencies in “critical thinking and creative 
thinking,” “reasoning, information and communication,” and “scientific, technical and 
technological knowledge” to be sufficiently adequate. Among the four competencies 
outlined in PASEO, “Reasoning, information and communication” was the one most 
students recognized. Furthermore, approximately 49% of students also agreed or 
strongly agreed that the objective of the activity was clear and that the activity helped in 
understanding the topic. About 49% of the students also believed that the tool should be 
more widely used in Chemistry classes. 

 
Figure.1 
Likert scale students’ answers (percentage) 

Analysing the mean values and considering the standard deviation, the observations 
presented in Figure 1 are confirmed. The perception that “The use of this tool 
contributed to a better understanding of the topic of the Periodic Table” shows the 
lowest score (3.3) compared to the two other perceptions (3.6), indicating that the 
objective of the activity was clearly explained and that this type of activity should be 
used more often (Table 3). 
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Table 3 
Results from items related to the clarity of the task objective, the use of this type of tool 
in Chemistry classes, and the usefulness of the tool for learning the Periodic Table 
Item N Minimum Maximum Mean Standard 

Deviation 
“The objective of the 
work was clear” 

37 2,0 5,0 3,6 0,76 

“The use of this tool 
contributed to a better 
understanding of the 
topic of the Periodic 
Table” 

37 1,0 5,0 3,3 1,05 

“This type of tool 
should be more widely 
used in the learning of 
Chemistry” 

37 1,0 5,0 3,6 1,04 

Concerning the competencies developed, students valued “Reasoning, information and 
communication” (3.5) and “Scientific, technical and technological” (3.4) more highly 
compared to “Critical thinking and creative thinking” (3.1) and “Interpersonal 
relationships” (3.0). 

Table 4 
Results from related to competencies outlined in Student Profile at PASEO 
Competencies 
outlined in Student 
Profile at PASEO 

N Minimum Maximum Mean Standard 
Deviation 

Critical thinking; and 
creative thinking 

37 2,0 5,0 3,1 0,81 

Scientific, technical 
and technological 
Knowledge 

37 2,0 5,0 3,4 0,82 

Interpersonal 
relationships 

37 2,0 5,0 3,0 0,82 

Reasoning, 
information and 
communication 

37 2,0 5,0 3,5 0,87 

An analysis of the Mann-Whitney U test results indicates that there are no statistically 
significant differences between the group of girls and the group of boys, at a 95% 
confidence level (p < 0.05), regarding any of the perceptions (Table 5). 
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Table 5 
Mann-Whitney U test results considering gender as independent groups 
Item Significance 
“The objective of the work was clear” 0,517 

“The use of this tool contributed to a better understanding of the topic of the 
Periodic Table” 

0,964 

“This type of tool should be more widely used in the learning of Chemistry” 0,775 

Critical thinking; and creative thinking 0,964 
Scientific, technical and technological Knowledge 0,209 

Interpersonal relationships 0,270 

Reasoning, information and communication 0,684 

Regarding the qualitative analysis, five categories were created, whose descriptions and 
examples are detailed in Table 6: "Enjoyable activity," "Activity limited in terms of 
learning," "Complex activity," "Slow or limited activity," and "Indifference". 

Table 6 
Definitions and examples of categories 
Category Definition Example 
Enjoyable activity The student expresses satisfaction with the 

activity, describing it as “interesting,” 
“original,” “good,” or even “amazing.” 

The experience was 
good. 

Activity limited in 
terms of learning 

The student indicates that completing the 
activity did not contribute significantly to 
their learning. 

I did not learn much 
from the AI 

Complex activity  
The student perceives the activity as having 
a level of complexity above what is 
normally expected. 
 

It was interesting, but 
complicated. 

Slow or limited 
activity 

The student reports that the platform 
responds slowly or mentions the existence 
of another tool they consider more suitable. 

The bot was 
responding very slowly 

Indifference The student suggests that the activity could 
be considered unnecessary in the classroom 
context. 

I don’t think it needs to 
be used often 

Although the quantitative results did not reveal statistically significant differences, the 
qualitative analysis indicates two significant gender differences (Table 7). The first 
concerns the fact that male students primarily highlighted the activity as being limited 
in terms of learning. The second relates to female students who described the activity as 
very slow or limited. The remaining categories, “Enjoyable activity,” “Complex 
activity,” and “Indifference,” show more similar responses between genders. 
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Table 7 
Categories and frequencies of the qualitative analysis 
Category Girls Boys 
Enjoyable activity 10 8 

Activity limited in terms of learning 1 5 

Complex activity 1 1 
Slow or limited activity 6 1 

Indifference 1 3 

Research Question 1 

Students’ perceptions of the activity were generally positive, with value attributed to the 
development of the “Reasoning, information and communication” competency, and to a 
lesser extent, the development of “interpersonal relations” skills. The activity’s 
objectives were clear, and most students believed the tool should be more widely 
implemented in Chemistry classes. 

Research Question 2 

With regard to differences between male and female students, although no statistically 
significant differences were found between the two groups, the qualitative analysis 
revealed two main divergences: the male group perceived the activity as more limited in 
terms of learning outcomes than females; on the other hand, female students described 
the activity as slow or limited. 

DISCUSSION 

This study explored the implementation of a chatbot representing Marie Curie, designed 
to promote students’ engagement with a prominent female scientist and enhance the 
visibility of women in science. Using the chatbot encouraged students to develop their 
AI literacy, namely the ability to understand, evaluate, and critically use technology, as 
suggested by Young et al. (2024). The students already demonstrated some experience 
using chatbots outside of school settings. 

The findings indicate that students understood the activity’s objectives and recognized 
its main contribution as fostering skill development. Furthermore, the development of 
relevant skills is crucial, as it enables students to attain greater mastery in 
comprehending and utilizing the subjects presented during instruction (Mena-Guacas et 
al., 2023). The recognition of competencies related to “Reasoning, information and 
communication” aligns with literature on the potential of AI to support information 
analysis, provide immediate feedback, and stimulate critical thinking (Akhmetova et al., 
2025; Huwer et al., 2025). However, the impact on relational skills was less evident, 
perhaps due to the individualized nature of chatbot interaction, despite a design that 
encouraged pair work. This finding emphasizes the need to design activities that 
integrate human-machine interaction with collaborative dynamics, thereby also 
promoting interpersonal relationships, as highlighted by Mena-Guacas et al. (2023). 
Ouyang & Zhang (2024) notes that certain AI tools could provide immediate feedback 
on collaborative work, such as sending alerts to the instructor when a group is 
interacting too little or when one of the members is overloaded. AI can thus play a self-
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regulatory role, for example, by redistributing tasks or prompting quieter group 
members to participate. Yuriev et al. (2025) refers that chemistry teachers can combine 
AI chatbots with collaborative tasks by engaging students in group-based writing and 
problem-solving activities in which AI-generated outputs are jointly evaluated, revised, 
and discussed.  

Additionally, some students reported learning limitations (qualitative category: 
“Activity limited in terms of learning”), indicating that the tool alone does not replace 
complementary pedagogical practices. Qualitative categories such as “Slow or limited 
activity” and “Indifference” suggest that both technical (e.g., bot response speed) and 
pedagogical aspects (e.g., perceived relevance) may influence the learning experience. 
In this regard, Huang & Chang (2024) note that while AI can simulate certain emotional 
responses, it fundamentally lacks authentic emotional awareness and the capacity to 
establish meaningful affective relationships. Informally, students mentioned that they 
had never carried out any in-class activities using AI, which may explain some 
resistance and, to some extent, these findings. Despite less positive aspects, a large 
proportion of students believe that the use of AI should be further integrated into 
Chemistry education. 

While no significant gender differences were identified in students’ perceptions—a 
relevant finding that contrasts with existing literature, which often notes gender-based 
disparities in technology adoption (Lee, 2022; Møgelvang et al., 2024)—a recent study 
in the ASEAN region (including Brunei, Cambodia, the Philippines, Indonesia, Laos, 
Malaysia, Myanmar, Singapore, Thailand, and Vietnam) with higher education students 
concluded that Gen-AI integration in education is occurring equitably across genders, 
signalling progress toward digital equality (Raza et al., 2024). Qualitative analysis in 
this study revealed interesting patterns: male students highlighted learning limitations, 
while female students mostly noted slowness or platform limitations. These results are 
consistent with research emphasizing different gender interaction patterns with digital 
technologies (Møgelvang et al., 2024; Draxler et al., 2023). Matobobo (2026) further 
adds that female students demonstrate a more selective use, prioritizing ethical 
concerns, trust, and structured guidance. In this regard, classroom strategies should 
balance time for technical troubleshooting with reflective prompts that address both 
how the tool functions and how it supports conceptual understanding, thereby ensuring 
equitable participation and learning benefits for all students. 

Finally, it should be noted that the Marie Curie persona can be integrated into broader 
curricular efforts by using her life story as a recurring representational resource to 
challenge stereotypes about scientists and to promote more inclusive scientific 
identities. Yılmaz-Senem & Kösem (2025) suggests the integration of Marie Curie 
through biographical and multimodal activities. In this approach, Curie is portrayed not 
only as a successful scientist but also as a resilient woman who faced social and gender 
barriers, helping students reflect on issues of representation, belonging, and equity in 
STEM. Such an approach fosters emotional engagement and enables learners to 
perceive science as socially and ethically embedded, rather than as an abstract or 
exclusively male domain. 
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CONCLUSION 

This study adds empirical evidence to the emerging field of generative AI in primary-
level education, where literature remains scarce (Aydin-Günbatar et al., 2025; Guo et 
al., 2025). Indeed, Erümit & Sarıalioğlu (2025) reported that most studies thus far are 
focused on higher education.The findings show that the integration of an educational 
AI-based chatbot into Chemistry lessons was perceived by students as clear and 
engaging, with potential for broader classroom use.Although no statistically significant 
gender differences were observed, qualitative analysis uncovered distinct perceptions 
that warrant further investigation. The use of historical female figures such as Marie 
Curie may be a relevant strategy to combat gender inequalities in science by fostering 
greater representation and equity in STEM education. 

In terms of recommendations for classroom practice, the study suggests that teachers 
should provide students with direct contact with AI tools, enabling them to critically 
evaluate both the benefits and limitations of such technologies in educational contexts. 
This approach reinforces the value of integrating AI-based activities into science 
teaching, not only to promote disciplinary learning but also to cultivate students’ critical 
understanding of technology. Pedagogically, the findings further emphasize the 
importance of combining AI use with collaborative and socially grounded knowledge-
building methodologies, thus avoiding purely individual and potentially less meaningful 
learning experiences.Finally, this article contributes to the growing body of literature on 
gender within STEM and AI education by emphasizing that developing effective 
measures to guarantee equitable access to AI tools is essential for reducing achievement 
gaps and preventing the widening of the digital divide. Such a holistic approach ensures 
that students from diverse backgrounds can benefit equally from advances in 
educational technology; otherwise, systemic biases embedded in foundational education 
risk being perpetuated. 

LIMITATION 

The small sample size (N=37) and the exploratory, one-off nature of the experience 
limit the generalization of these findings. This study was conducted in Portugal with a 
relatively small sample, limited to the country’s capital, which may not fully represent 
the national context nor allow for broad international generalization Moreover, the 
predominance of neutral responses (“neither disagree nor agree”) in the questionnaire 
suggests that many students may need more time to become familiar with the tool in 
order to form clearer perceptions. 

SUGGESTION 

AI models will likely become more accurate over time, and their incorporation into 
daily teaching methodology appears inevitable. It is, therefore, important to investigate 
the impact of sustained chatbot use across diverse educational settings and levels, not 
just within higher education. Furthermore, international literature highlights subtle 
inequalities in technology adoption, underscoring the need for continuous monitoring of 
this dimension in future studies. Future research should also prioritize well-designed 
interventions involving multiple schools and the inclusion of performance outcomes to 
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provide more robust and generalizable evidence on the educational effects of AI 
integration. 
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