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Abstract  
Technology, specifically Artificial Intelligence (AI), has emerged as a contender to revolutionize 

the effectiveness of teaching practice and the learning outcomes of students, in the context of 

education science. In science education, the rise of Artificial Intelligence (AI) has presented a new 

horizon of potential enhancements to teaching effectiveness and student learning outcomes. Yet, 

AI's learning potential will be dependent on a significant extent on teachers' ability to incorporate 

it into classroom activities. This study aimed to discuss the impact of using AI and teacher 

competence on students' learning achievements in science education in terms of its multilevel 

analytical framework. The survey design used was a multilevel correlational survey design. 330 

respondents including 30 science teachers and 300 senior secondary school science students were 

recruited using multistage sampling technique from six public secondary schools in Bwari Area 

Council FCT Abuja Nigeria. Artificial Intelligence Integration and Teacher Competence 

Questionnaire (AITCQ) were used to gather data, along with the Student Learning Questionnaire 

(SLQ) and Science Achievement Test (SAT). Data was analyzed using descriptive statistics and 

Hierarchical Linear Modelling (HLM) at 0.05 level of significance. The results showed that there 

was a clear significant impact in the learning outcomes of the students when using the use of 

artificial intelligence while teacher competence was the top predictor in science achievement. The 

AI integration-Learning outcomes association was also positively moderated by school ICT 

infrastructure. The researchers have agreed that it is a synergistic effect of well-trained educators, 

suitable technology, and positive institutional policies to achieve effective learning use of AI in 

science education. It endorses the continued investment in teachers' AI upskilling, enhanced digital 

infrastructure and curriculum changes that incorporate the need for AI skills into teacher education 
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programs. The study adds to the on-going body of research related to AI and education by 

showcasing how effectively AI can augment instructional capacity with science teachers. 

 

Keywords: Artificial Intelligence; Teacher Competence; Science Education; Students' Learning 

Outcomes; Multilevel Analysis 

 

 

Introduction 
Recently, Artificial Intelligence (AI) has become 

one of the most transformative technologies 

impacting worldwide education systems. Thanks 

to the progress of machine learning, natural 

language processing, Intelligent Tutoring 

Systems, Learning Analytics and Generative AI 

these areas of teaching, learning and assessment 

have become transformed. AI is not about 

replacing teachers, but about delivering 

personalised learning, adaptive assessment, 

feedback, and evidence-based decision making to 

improve teaching and learning. Miao and 

Cukurova (2024) identified these opportunities, 

and introduced the AI Competency Framework 

for Teachers that centres on the need for teachers 

to acquire new competencies to ensure human-

centred education in an ethical, responsible and 

effective way when facing challenges of 

classroom practice involving AI. The use of AI 

has brought in unique innovations like the ability 

to assist in visualization and simulation, which are 

areas where science education has seen significant 

advances due to the need for experimentation, 

inquiry, modelling, and problem-solving in 

scientific inquiry. They all offer students chances 

to see complex scientific concepts, to virtually 

conduct experiments, to get feedback and to 

experience personalised learning in a virtual 

laboratory, in an intelligent tutoring system, 

through simulations, or using generative AI 

applications. These technologies can enhance the 

conceptual understanding, the scientific thought 

process and interactions in class, and can diminish 

the constraints of lack of access to laboratories 

and teaching materials, particularly in developing 

countries. The studies involve AI-integrated 

learning environments, and their findings suggest 

a positive correlation between AI usage and 

learning outcomes within a specific pedagogical 

context.The studies discussed suggest that, 

overall, the learning outcomes in AI-assisted 

instructional environments are better when the 

latter are used within specific pedagogical 

contexts.  The rapid rise of generative AI 

platforms such as ChatGPT, Google Gemini, 

Microsoft Copilot, and Claude has enhanced 

opportunities to innovate teaching and learning. 

The apps empower teachers for lesson planning, 

content creation, assessment design, 

differentiated instruction, and providing 

feedback, while personalizing learning and 

providing interactive tutoring and collaborative 

learning experiences for students Fadipe etal 

2024. Educational researchers, however, warn 

that generative AI's impact on educational results 

is as much about how educators utilize the 

technologies as it is about the technologies 

themselves. For maximum benefit, AI should be 

used alongside good pedagogy, and to further 

promoted the use of higher-order thinking, and to 

further encourage inquiry-based learning rather 

than to replace students' thinking.  

The critical role of the teacher in successful 

integration of AI-based technology still cannot be 

overlooked, and teaching excellence will 

undoubtedly continue to play a pivotal role in this 

process. Modern definitions of teacher 

competence go far beyond knowledge of the 

subject matter, and include technological 

knowledge, pedagogical skills, digital literacy, 
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ethical proceedings, and creating meaningful learning experiences with the aid of AI. In teaching, 

teachers need to take up the role of designing learning systems with the help of AI, supporting learners' 

inquiry, and being responsible for the ethical use of AI in the educational situation, according to Miao 

and Cukurova (2024). Educators with such skills are better suited to utilize AI effectively, engage 

students and enhance learning outcomes.  Although a lot of resource has been invested in digital 

education teaching, according to the study by Peter and Fadipe (2025) and Fadipe (2025), many 

secondary schools in Nigeria are still facing some impediments in science education such as the 

inadequate technology infrastructure, long lack of digital educational resources, poor teachers training, 

and relatively low student performance in science. While AI technologies hold promise of solutions to 

some of these issues, educational outcomes of AI technologies are contingent upon institutional 

preparedness, school environment, and teachers' capabilities. Combining AI integration and teacher 

competence into determining students learning outcomes has drawn attention of educational 

policymakers and practitioners as an important research topic. Research from the past shows positive 

interactions of learning and AI but it also poses a few questions. First, numerous existing studies have 

examined teachers' perceptions and/or acceptance or readiness to implement AI but not its impact on 

students' learning outcomes. Secondly, AI tools are sometimes studied in isolation, even though their 

impact is fundamentally interconnected with teacher competence. Secondly, the impact of AI tools and 

teacher competence are studied separately, although there are strong indications that there is 

interdependency. Third, few studies have used mutli-level analytical methods that can differentiate the 

impact at the student level, teacher level, and school level on students' academic achievement. Finally, 

empirical studies related to Science education in Nigeria secondary schools are still limited, and more 

studies on a similar nature which is context specific and oriented to inform policy and educational 

practice are still needed. 

This study aims to fill this gap by exploring the impact of the integration of AI and teachers' competence 

on science education learning outcomes through a multilevel analysis framework. The study's findings 

unravel the complex dynamics of supporting students in learning science in AI-supported learning by 

examining student-, teacher-, and school-level factors together. The results will be used to inform 

educational policy, teacher training, and institutional approaches to effective use of AI in science 

education. 

 

Objectives of the Study 

The study sought to: 

1. examine the influence of artificial intelligence integration on students' learning outcomes in 

science education; 

2. determine the influence of teacher competence on students' learning outcomes in science 

education; 

3. investigate the joint influence of artificial intelligence integration and teacher competence on 

students' learning outcomes in science education; and 

4. determine whether school ICT infrastructure moderates the relationship between artificial 

intelligence integration and students' learning outcomes in science education. 

 

Research Questions 

The following research questions guided the study: 

1. To what extent does artificial intelligence integration influence students' learning outcomes in 

science education? 
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2. What is the influence of teacher competence on students' learning outcomes in science 

education? 

3. What is the joint influence of artificial intelligence integration and teacher competence on 

students' learning outcomes in science education? 

4. Does school ICT infrastructure moderate the relationship between artificial intelligence 

integration and students' learning outcomes in science education? 

 

Research Hypotheses 

The following null hypotheses were tested at the 0.05 level of significance: 

H01: Artificial intelligence integration has no significant influence on students' learning outcomes in 

science education. 

H02: Teacher competence has no significant influence on students' learning outcomes in science 

education. 

H03: Artificial intelligence integration and teacher competence do not jointly have a significant 

influence on students' learning outcomes in science education. 

H04: School ICT infrastructure does not significantly moderate the relationship between artificial 

intelligence integration and students' learning outcomes in science education. 

 

Artificial Intelligence, Teacher Competence and Students' Learning Outcomes 

AI is a significant enabler of learning innovation with personalised learning, intelligent tutoring, 

automated assessment, learning analytics, and adaptive instructional support. Unlike previous 

educational technologies, modern AI systems can create lesson materials, instantaneously deliver 

feedback, assist in designing lessons, and facilitate collaborative learning – among other abilities with 

the help of generative AI tools like ChatGPT, Google Gemini, Microsoft Copilot and Claude. The 

potential of AI to enhance teaching practices and student learning outcomes in various educational 

settings has sparked interest. International organizations, however, call for AI being used as a 

complement to, and not a substitute for, the teacher, and that AI be used in pedagogically appropriate 

and ethical contexts that foster an environment of inclusion.  In science education, AI presents distinct 

opportunities, as one of the four key pillars of scientific learning – experimentation, investigation, 

modelling, and problem solving – is very much centred on experimentation and investigation. AI tools 

and simulations, virtual labs, adaptive learning, and intelligent tutoring platforms allow students to 

explore abstract concepts, perform experiments in limited-resource settings, and get formative feedback 

in real-time. The features which they contain support conceptual understanding, scientific reasoning 

and pupils' engagement as well as increasing access to hands-on scientific experiences. However, the 

learning outcomes of AI do not only rely on whether teachers use the technology or not but to how well 

they do this in their lessons.  K-12 studies also show that, with proper design of instructional content 

and methods, AI education can be used to promote AI literacy, problem-solving skills, motivating 

behaviors, and ethical considerations (Ng et al., 2024). This is aligned with a larger discussion of AI in 

education to support and complement — but never replace — teachers and human decisions in the 

classroom (Holmes et al., 2019). 

This nuanced take on AI technologies is further reinforced by the broader field of generative-AI 

literature. Research and practice have also been identified as areas with significant opportunities and 

challenges for generative conversational AI by Dwivedi et al. (2023), and its use for educational support 

and concerns around its accuracy, bias, privacy, and over-reliance were also noted by Kasneci et al. 
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(2023). These factors hold greater weight in science education, where students must assess the evidence, 

conduct and formulate their own reasoning, rather than copy and paste AI-provided solutions. 

But teacher competence is certainly still a key factor in successful AI integration. Modern teacher skills 

include content knowledge, pedagogical knowledge, technological skills, AI literacy, ethical awareness, 

and the ability to design activities focusing on learning. With the advent of AI, teachers have shifted 

from the roles of knowledge transmitters to that of learning designers, facilitators and evaluators who 

can use intelligent systems in the teaching and learning process. Research in recent times suggests that 

the teachers with higher technological pedagogical content knowledge (TPACK) to use AI are more 

likely to use this technology effectively and design learning contexts that foster student motivation and 

achievement in learning.  The overall consensus from empirical evidence indicates a positive impact of 

AI in education, with the effects being context-dependent. Evidence from systematic reviews 

demonstrates that the use of AI can improve personalised learning, formative assessment of students' 

learning, and student engagement, provided it is implemented with a suitable pedagogy and institutional 

support.Systematic reviews indicate that AI can improve several aspects of personalised learning, 

formative assessment of students' learning, and engagement when used with suitable pedagogy and 

institutional support. Several studies, however, have also raised problems of dependency on AI, 

decreased critical thinking, ethics, or data privacy, algorithmic bias, or inequalities in access to 

technology. This research indicates that positive educational outcomes are not just a result of the 

presence of the AI, but the interplay between the technology, teachers' skills, and the school context 

and culture.  While the study area of AI in education has grown significantly, the following three areas 

of great need have developed. The first is that they often focus on teachers' perceptions, readiness or 

acceptance of AI instead of the impact on measurable student learning outcomes. Third, the focus is on 

the technical aspects of instructional technology without exploring how they influence the effectiveness 

of digital tools.Third, there is a gap between the examination of AI integration and teacher competence, 

while they complement each other in technology-enhanced instruction. Third, few studies, especially 

in sub-Saharan Africa, use multilevel analysis approaches to identify the contribution of student, 

teacher, and school level to academic achievement. Addressing these gaps is essential especially for 

Nigeria, where the use of AI in secondary schools is becoming an emerging issue in tandem with 

ongoing problems of ICT facilities, quality teacher preparation in science and the performance of 

students in science. These limitations are overcome in this study, which leverages a multilevel analytical 

framework that examines the synergy between the impact of the integration of AI and the competences 

of teachers on students' learning outcomes. This unease reflects earlier findings in higher education that 

there is sometimes more focus on how technology can be applied than what the educator's field of study 

or vantage point of the technology might be (Zawacki-Richter et al., 2019). 

  

Theoretical Framework 

The study provides a foundation upon the model of Technological Pedagogical Content Knowledge 

(TPACK) (Mishra & Koehler, 2006) and reinforced by the Unified Theory of Acceptance and Use of 

Technology (UTAUT) (Venkatesh et al., 2003). 

TPACK theory states that integrating technology in ways that are effective is achieved when an educator 

is able to successfully bring together their technological, pedagogical and content knowledge to help 

improve learning. Teachers must also be proficient not just in science content but also in how to choose, 

modify, and assess AI tools for teaching and learning that are aligned to science content and learning 

needs. Therefore, TPACK offers a suitable explanation for the educational effectiveness of AI based on 

the teachers' competence levels. The framework is particularly appropriate for science education in the 
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age of Artificial Intelligence (AI), supported by relevant technology, in which teachers need to plan the 

technological affordances, the science content, and the pedagogical purposes of AI artifacts (Mishra 

and Koehler, 2006; Almasri, 2024). 

The Utah model of Technological Pedagogical and Content knowledge (UTAUT) complements and 

explains technology adoption from a behavioural and an organizational perspective. The technology 

acceptance is based on the four determinants of UTAUT which are: performance expectancy, effort 

expectancy, social influence, and facilitating conditions. Facilitating conditions in schools encompass 

ICT infrastructure, institutional support, teacher professional development, and organisational 

readiness—all of which impact teachers' readiness and willingness to incorporate AI into their teaching. 

The studies on AI in education over the past few years have once again confirmed that TPACK + 

UTAUT is a good fitting explanation model for teacher's AI competence and AI technology use.  The 

integration of AI with science pedagogy, teacher capacity to implement the technology, and the school's 

context all interact in shaping the students' learning outcomes; together, TPACK and UTAUT provide 

an extensive theoretical framework to understand these interactions. Teachers' dispositions and 

capabilities to use AI tools are especially highlighted in the current context of performance expectancy, 

facilitating conditions, and institutional support (Venkatesh et al. 2003; Bali et al. 2024). 

 

Research Design 

In this study, the design used was a multilevel correlational survey design, where they examined the 

effect of Artificial Intelligence (AI) integration and teacher competence on students' learning outcomes 

in the field of science education. This design was found suitable since it wanted to find out the 

relationship between variables without changing the variables. Since the education set was hierarchical 

(students in each schools), the information was analyzed using a multilevel approach to include 

individual- and school-level effects. 

 

Study Area 

The study was done in the Bwari Area Council, Federal Capital Territory (FCT), Abuja, Nigeria. The 

Area Council has urban and peri-urban public secondary schools with the gradual integration of Digital 

Technologies in their teaching and learning. This context allowed the exploration of the issues of 

science education and integration with AI in this environment while preserving teacher competence. 

  

Population 

The population for this study included 5,380 senior secondary school science students and 475 science 

teachers from public secondary schools of Bwari Area Council in the population of 5,855. 

 

Sample and Sampling Technique 

There was a multistaging sampling technique. Sixty public secondary schools were selected by simple 

random sampling (SRS) as the first schools. Then, science teachers from the participating schools were 

proportionately selected and senior secondary science students were also proportionately selected. The 

final sample was 330 respondents, 30 science teachers and 300 science students. 

Various tools are needed for data collection.Various data collection devices are required. 

Three instruments were used for data collection: 

1. AI Integration and Teacher Competence Questionnaire (AITCQ): This questionnaire was 

developed to assess the teacher's AI integration practices, technological competence, pedagogical 

competence, AI readiness and demographic features by Likert scale from 1 to 5. 
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2. Student Learning Questionnaire (SLQ): This tool was used to measure students' motivation and 

engagement along with their perceptions of learning with AI in science. 

3. Science Achievement Test (SAT): An achievement test multiple choice type items developed 

from researcher's point of view based on the senior secondary science curriculum was used to 

measure the academic performance of students. 

  

Validity and Reliability 

The research instruments were face and content validated by science education experts, educational 

technology experts and measurement and evaluation experts. Confirmatory Factor Analysis (CFA) was 

also used to explore the construct validity. The internal consistency reliability was evaluated by 

Cronbach's alpha coefficients, Composite Reliability (CR), and Average Variance Extracted (AVE). 

The reliability (Cronbach's α ≥ .70) and convergent validity (CR ≥ .70; AVE ≥ .50) of all constructs 

were acceptable. 

 

Data Collection Procedure 

All the necessary educational authorities were obtained ethics approval prior to data collection. The 

principals of the schools were then contacted for permission. Everyone participated voluntarily and 

informed consent was obtained. The questionnaires and achievement test were given during regular 

school hours with the use of trained research assistants. Instruments completed were checked for 

completeness before coding and analysis. 

 

Data Analysis 

Data were analysed using descriptive and inferential statistics. The characteristics of the respondents 

and the study variables were summarised by descriptive statistics, such as frequencies, percentages, 

means and standard deviations. For the purpose of investigating the influence of student- and teacher-

level, and school-level variables on students' learning outcomes, while keeping the nested structure of 

the data in mind, Hierarchical Linear Modelling (HLM) was used. The differences were considered 

statistically significant at the 0.05 significance level. 

 

Results 

The 300 SS students and 30 science teachers participated in the study making a total of 330, who 

represented the schools from the six public secondary schools in Bwari Area Council, Abuja. Of the 

teachers, 56.7% of whom were male and 43.3% of whom were female. The majority of teachers had a 

science education bachelor's degree with an average of 11.8 years teaching experience. A total of 52.0% 

of the students were male and 48.0% were female, between 15-18 years old. 

 

Table1: Descriptive Statistics and Reliability of the Study Variables (N = 330) 

Variable                       Mean SD Cronbach's α 

AI Integration 3.71 0.68 .89 

Teacher Competence 3.83 0.64 .91 

Student Motivation 3.76 0.66 .87 

Student Engagement 3.61 0.71 85 

Science Achievement 67.84 10.52 82 
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The descriptive statistics showed a relatively high level of integration of AI and science teacher 

competence. Students were also found to have high degrees of achievement and engagement in the 

subject of science with the average achievement score for the subject being of 'moderate' achievement. 

All study variables had satisfactory internal consistency (Cronbach alpha ranged from .82 to .91). 

 

Table 2: Pearson Correlation Matrix 

Variable 1 2 3 4 5 

1. AI Integration 1.00     

2. Teacher Competence .58** 1.00    

3. Student Motivation .47** .51** 1.00   

4. Student Engagement .39** .43** .62** 1.00  

5. Science Achievement .41** .48** .45** .36** 1.00 

Note. p < .01. 

 

The correlation analysis showed that the values of major study variables were significantly and 

positively correlated with one another. Among teacher competence and student's achievement in 

science, the most strongly correlated was the former (r = .48, p < .01) with the latter, while the second 

was also correlation with the r of .41 (p < .01). This implies that as teachers become more competent 

and actively engage in integrating AI, student learning outcomes are linked with better performance. 

 

Table 3: Hierarchical Linear Model Predicting Students' Science Achievement 

Predictor Estimate (γ) SE t P 

Intercept 45.28 5.03 9.00 < .001 

Student Motivation 3.35 0.88 3.81 < .001 

Student Engagement 1.96 0.82 2.39 .017 

AI Integration 4.12 1.28 3.22 .002 

Teacher Competence 5.43 1.36 3.99 < .001 

School ICT Infrastructure 2.84 1.09 2.61 .010 

AI Readiness 1.08 1.02 1.06 .291 

Model Statistics: R² = .31; Deviance = 35.81; p < .001. 

 

Multilevel analysis revealed that teacher competence was the next most significant factor influencing 

students' science achievement (γ = 5.43, p< .001), while AI integration (γ = 4.12, p = .002) was also 

significant. A motivation and engagement of students was another significant influence on student 

achievement relating to science. School information and communication technology (ICT) 

infrastructure showed a high and significant positive relationship with students' learning outcomes, 

while no statistically significant relationship was observed between AI readiness and the students' 

learning outcomes after adjusting the other variables. 

 

Table 4: Hypothesis Testing 

Hypothesis Decision 

H01: AI integration has no significant influence on students' learning outcomes. Rejected 

H02: Teacher competence has no significant influence on students' learning 

outcomes. 

Rejected 
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Hypothesis Decision 

H03: AI integration and teacher competence do not jointly influence students' 

learning outcomes. 

Rejected 

H04: School ICT infrastructure does not moderate the relationship between AI 

integration and students' learning outcomes. 

Rejected 

 

The results of this study show that proper implementation of AI and teacher competence plays a 

significant role in improving students' learning achievements in science learning. ICTs reinforces these 

connections, though teacher competency will be the most significant factor influencing the pedagogical 

value of the use of AI in teaching. 

 

Discussion 

The effect of the role of Artificial Intelligence (AI) implementation and teacher competency on the 

students' learning outcomes in science education has been analyzed on two levels namely learners and 

teachers. The results show the importance of both the integration of AI at the school and the competence 

of the teacher, as both factors have a significant impact on students' academic performance, and also in 

the usage of school's ICT infrastructure as a contextual support for the correct implementation of AI. 

The first relevant discovery was that the incorporation of artificial intelligence into science education 

has a significant prediction for student learning outcomes.The first major discovery was that the use of 

artificial intelligence has a significant prediction for student learning outcomes in science education. 

This discovery indicates that improved use of AI-supported teaching tools positively impacts students' 

interest, engagement and academic performance. The opportunities presented by AI technologies in 

teaching and learning are those of personalized teaching, adaptive feedback, intelligent tutoring and 

virtual experiments which are conducive to active learning and development of conceptual 

understanding. This result aligns with the recent systematic reviews, which assert that the use of AI in 

the learning environment mostly has a positive effect on students' learning outcomes when it is being 

used in a proper pedagogical manner (Almasri, 2024; Ogunleye et al., 2024; Yusuf et al., 2024). 

Additionally, it echoes UNESCO's stance of using AI to enhance the teaching and learning processes, 

not to eliminate the role of the teacher. 

The research also revealed that teacher competence was most important in determining the results of 

students' learning. In short, the findings lend support to the point that knowledge of educational 

technology in and of itself is not enough for better learning and it is the skill of the teacher in using 

technology in the class that make it effective in learning. Affective pedagogical knowledge, 

technoliteracy, and AI literacy enable teachers to create engaging learning tasks, yield appropriate 

guidance for teaching and learning, and promote inquiry-based learning in a science classroom. This 

result is parallel with Technological Pedagogical Content Knowledge (TPACK) (Mishra & Koehler, 

2006) which indicates that the effective integration of technology requires an interaction of three types 

of knowledge – Technological Knowledge, Pedagogical Knowledge, and Content Knowledge. AI 

experts have additionally discovered that educators' knowledge of AI is also a determining factor in 

students' engagement and results in technology-enhanced learning settings (Tenberga & Daniela, 2024; 

Ayanwale et al., 2024; Sperling et al., 2024). 

Another crucial discovery was that skill enhancement in AI and teacher competence significantly 

explained the variance in students' science achievement. This shows that using AI and teacher skills is 

not an exclusive approach to instruction but one that is integrated into effective pedagogy. AI offers 
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intelligent support for instruction, while capable educators make decisions about how technology is 

used in how curriculum is delivered, assessed, and used in class. This is also found to be consistent with 

Unified Theory of Acceptance and Use of Technology (UTAUT) as proposed by Venkatesh et al. (2003) 

states that technology adoption depends on users' competency along with facilitating conditions. 

Another significant finding of the study is the modest yet influential role of school ICT infrastructure 

between the link between AI integration and students' learning outcomes. It signifies that classrooms 

with higher tech infrastructure are getting more learning value from the support of AI in teaching than 

those who lack extensive tech resources. However, the impact of technological infrastructure is 

relatively small, suggesting that by itself, technological infrastructure cannot ensure more effective 

learning. Teachers need pedagogically appropriate practices, consistent leadership and professional 

development to effectively implement AI. This is in line with the latest global evidence, which shows 

that the effects of AI on education are best realized when technological skills and infrastructure are 

combined with teachers' competence and institutional support (Bali et al., 2024; UNESCO, 2024). 

The overall results underscore the systemic approach in implementing AI in science education. To pair 

these investments with frameworks that enable continued professional development for teachers, 

emphasizing AI literacy, technological pedagogical skills, and ethical usage of AI. An integrated 

approach will have a better chance of enhancing the quality of science teaching, student learning and 

sustainable innovation of science teaching in Nigerian secondary schools. 

 

Conclusion 

The study problem was to find out how the integration of artificial intelligence (AI) and how the teacher 

does science education affects scientific learning outcomes, both in the form of effect and interaction. 

Both concepts investigated in this study are used in science education.The influence of the use of 

artificial intelligence (AI) integration and teacher competence on the achievement of scientific learning 

outcomes as an interaction effect was investigated in this study. Both concepts included in the object of 

this study are relevant in science education. Overall, the results reveal that the implementation of AI 

has a positive impact on students' learning outcomes, provided that teachers are knowledgeable and 

willing to adopt AI tools, and schools create enabling environments. However, Teacher competence 

proved to be the most salient factor affecting students' science achievement, suggesting the importance 

of teachers in the process of making technological innovations effective in the educational domain. 

Additionally, school infrastructure positively contributed to students' learning outcomes, when AI was 

integrated, yet the effectiveness of this amplification was dependent upon teachers' correct use of the 

available technologies. The study builds new content on the expanding body of work on the use of AI 

in education and shows that this successful implementation needs interplay between the technological, 

pedagogical and organisational aspects and not only the adoption of the technology. The results also 

empirically validate TPACK and UTAUT as important frameworks, revealing that for successful use 

of AI in science teaching, teacher capabilities and facilitating conditions are crucial. 

 

Recommendations 

More rigorous and systematic research design, such as longitudinal and/or experimental studies, should 

be utilized in future research to examine the longer-term impacts of AI-supported teaching on student 

learning outcomes and their higher-order thinking skills. Contextual influences on the realization of AI 

on all geopolitical zones of Nigeria could be the hypotheses proved if there is comparative study 

between public and private schools in various geopolitical zones of Nigeria. Also, other intervening and 

moderating factors such as teacher's Self-efficacy with AI, Digital leadership of the teacher, 
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Organisational culture of the school, characteristics of learners, and ethical issues on the use of 

generative AI in schools should be explored to deepen the study. The studies could help further the 

understanding of how sustainable AI can be incorporated into science instruction. 
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