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The use of Artificial intelligence in school science: a 
systematic literature review
Dagmar Mercedes Heeg and Lucy Avraamidou

Centre for Learning and Teaching, University of Groningen, Groningen, The Netherlands

ABSTRACT
Artificial Intelligence is widely used across contexts and for 
different purposes, including the field of education. However, 
a review of the literature showcases that while there exist 
various review studies on the use of AI in education, missing 
remains a review focusing on science education. To address 
this gap, we carried out a systematic literature review between 
2010 and 2021, driven by three questions: a) What types of AI 
applications are used in school science? b) For what teaching 
content are AI applications in school science used? and, c) 
What is the impact of AI applications on teaching and learning 
of school science? The studies reviewed (n = 22) included nine 
different types of AI applications: automated assessment, 
automated feedback, learning analytics, adaptive learning sys-
tems, intelligent tutoring systems, multilabel text classification, 
chatbot, expert systems, and mind wandering detection. The 
majority of the AI applications are used in geoscience or 
physics and AI applications are used to support either knkow-
ledge construction or skills development. In terms of the 
impact of AI applications, this is found across the following: 
learning achievement, argumentation skills, learning experi-
ence, and teaching. Missing remains an examination of lear-
ners’ and teachers’ experiences with the use of AI in school 
science, interdisciplinary approaches to AI implementation, as 
well as an examination of issues related to ethics and biases.
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1. Introduction

The world has embraced Artificial Intelligence (AI) as a technology that can 
make our lives easier and can stimulate economic development (European 
Commission, 2020). As such, AI has been widely used in different domains of 
social systems. Education is no exception. Reports from UNESCO (Miao et al., 
2021) and OECD (2021) provide evidence of the potential of AI to improve 
education by automating various aspects of teaching (e.g., administrative 
tasks, assessment, evaluation), personalizing learning (e.g., intelligent tutoring 
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systems), and making available new tools (e.g., virtual reality, augmented 
reality).

Over the last decade, researchers have examined the use of AI in teaching 
and learning for different purposes. For example, quite a few researchers 
examined the use of AI applications such as intelligent tutoring systems, virtual 
reality, and teaching evaluation (e.g., Chassignol et al., 2018; Gerard et al., 2015; 
Guan et al., 2020; Parsia et al., 2020; Zawacki-Richter et al., 2019; Zhai et al., 
2020), as well as the use of more general pedagogical methods (e.g., game- 
based learning, collaborative learning) in teaching and learning in various 
contexts and disciplines (Bozkurt et al., 2021; Feng & Law, 2021; Zawacki- 
Richter et al., 2019).

However, a review of the literature showcases that while there exist various 
review studies on the use of AI in education, missing remains a review in the 
context of science education. For science education in particular, AI applications 
such as intelligent tutoring systems and automated assessment, may provide 
new ways to design engaging and personally meaningful learning environ-
ments which in turn could enhance students’ interest in science. Specifically, 
school science (K-12) could benefit from more engaging, interactive, and inspir-
ing learning environments, given students’ declining interest in science (Van 
Griethuijsen et al., 2015). In order to examine the potential of AI applications in 
science education, this review study was guided by the following questions:

(1) What types of AI applications are used in school science?
(2) For what teaching content are AI applications in school science used?
(3) What is the impact of AI applications on teaching and learning of school 

science?

Through this systematic literature review, following the guidelines of the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (Moher et 
al., 2009), we aim to contribute to the existing knowledge base on the use of AI 
in science education by providing an in-depth overview of currently used AI 
applications for school science specifically and offer a set of recommendations 
for policy, research, and practice.

2. What is Artificial intelligence?

John McCarthy introduced the term Artificial Intelligence in the 1950s, defin-
ing it as “the science and engineering of making intelligent machines”. Since 
then, the field has evolved and so has the definition of AI. Currently, a single 
universal definition of AI does not exist. This is partially due to the rapid 
development of the field, but also because researchers outside of computer 
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science, in the areas of healthcare, philosophy, economics, and arts have taken 
a great interest in AI and its application. Each of these research fields has 
modified the term AI to its own needs and uses, and this interdisciplinary 
nature of AI makes it difficult to establish a consensus about what AI is.

In this review, we adhere to the more informal and broad definition of AI as 
proposed by Popenici and Kerr (2017), who define AI as “computing systems 
that are able to engage in human-like processes such as learning, adapting, 
synthesizing, self-correcting and use of data for complex processing tasks” 
(Popenici & Kerr, 2017, p. 2). We have chosen to use this definition because it 
fits the purpose of this review to gather insights into existing educational AI 
applications. We are less interested in AI technology itself, but rather in its 
applications, impact, and possibilities for school science. Hence, we prefer a 
broad definition of AI that applies to various intelligent applications and could 
include rather than exclude other applications.

To make this more concrete, we provide a description of two of the most 
common AI-enabled educational applications, and one none AI-enabled appli-
cation. Intelligent Tutoring Systems (ITS) are an AI application as they provide 
personalized and adaptive instruction to learners. ITS take on the role of a 
human tutor, by offering guidance, feedback, and support to learners. It does 
so using AI techniques to capture learner’s strengths, weaknesses, and progress. 
By adapting the learning content, difficulty level, and feedback, to these learn-
ing traits of each individual users, the learning experience is then optimized.

Similarly, automated assessment and feedback systems are considered AI as 
they autonomously assess students’ work. One of the most important AI tech-
niques for such systems is Natural Language Processing (NLP), which the 
applications use to analyze and understand human language. Using this tech-
nique, an automated assessment model can extract meaningful information 
from, for example, students’ written responses to open answered text questions. 
Subsequently, this information can be assessed, using Machine Learning models 
that are trained to score and evaluate responses. These ML models are trained 
on large datasets of human-scored responses. What does not fall within AI 
applications, are pre-programmed educational robots. As a matter of fact, the 
majority of the currently used educational robots are pre-programmed, which 
means that they are designed to follow a fixed set of instructions or commands 
without any learning capabilities or adaptive behaviors. These robots often 
perform tasks such as following lines, light tracking, or dancing.

3. Methods

To develop an in-depth understanding of the currently existing AI applications 
and their impact on science teaching and learning, we conducted a systematic 
literature review, following the PRISMA guidelines (Moher et al., 2009). We used 
a set of inclusion criteria to identify relevant research articles (Xiao & Watson, 
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2019) in the following databases: ERIC, PsycInfo, Web of Science, and Scopus. 
We collected studies from the period of 2010 to 2021 as we aimed at gaining a 
more contemporary and timely understanding of the use of AI in science 
education.

3.1. Inclusion criteria

To be included in this review, a study must endorse the following criteria:

● The study must focus on an AI application
● The context of the study must be in science education
● The context of the study must be in primary or secondary education
● The study must perform primary or empirical research.

As a first step, we defined keywords that match the inclusion criteria, as for 
example, artificial intelligence, adaptive learning, intelligent tutoring system, 
science education, primary school, and secondary school. Following that, we 
expanded the set of keywords regarding the AI application with carefully 
chosen keywords from previously executed systematic literature reviews on AI 
applications in education (Chassignol et al., 2018; Gerard et al., 2015; Guan et al., 
2020, Leo et al., 2020; Zawacki-Richter et al., 2019; Zhai et al., 2020). We followed 
this procedure to ensure the wide range of artificial intelligence applications in 
education (e.g., machine learning, expert systems, intelligent tutoring systems, 
automated scoring) is captured in the literature included. We then performed a 
search, reviewed the results, and adjusted the keywords. This process was 
repeated until we started receiving the same results. The final search string is 
presented in Table 1.

3.2. Databases and included studies

The search string was used to perform a search through four international 
databases: ERIC, PsycInfo, Web of Science, and Scopus. Given the scope and 
focus of these four databases, we argue that their combination provides an 
optimal search method that guarantees adequate coverage. The search covered 
the title, abstract, and keywords of every record, resulting in 539 initial hits. We 
observed that in these 539 initial hits, various educational journals were 
included with a focus on technology, such as Computers and Education, 
International journal of Artificial Intelligence in Education, International, Journal 
of Research on Technology Education, and International Journal of Child-Computer 
Interaction. However, very few science education journals were represented in 
the hits.

As this review paper aims to explore AI in the context of science education, 
and specifically at the school science level, we wanted to prevent the exclusion 
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of relevant articles in science education journal by our specific search string, 
which is a common limitation of a systematic review methodology. We there-
fore decided to perform a very broad search, namely “Artificial Intelligence”, on 
the individual websites of 10 established science educational journals: Cultural 
Studies of Science Education, International Journal of Science Education, Journal of 
Computers in Mathematics and Science Teaching, Journal of Research in Science 
Teaching, Journal of Science Education and Technology, Journal of Science Teacher 
Education, Research in Science Education, Research in Science & Technological 
Education, Science Education, Science & Education, and School Science and 
Mathematics. This resulted in 311 additional studies.

Thereafter, the 539 studies from the search in four international databases 
and the 311 studies from the Science Education journals were restricted to 
articles in the English language published no later than 2010 in highly ranked 
peer-reviewed journals. These restrictions guaranteed that the study focuses on 
the trends of AI in science education over the last decade. In order to enhance 
the quality of the studies reviewed we chose to include studies published only 
in peer-reviewed journals. However, we do acknowledge the limitation of not 
including studies published in peer-reviewed conferences.

Subsequently, duplicates were removed. This left 206 studies. We then 
screened the title and abstract of each study using the formulated inclusion 
criteria as a filter. Eventually, 50 studies were left. After that, the papers were 
fully read. 29 Studies did not adopt the inclusion criteria and were therefore 
excluded, resulting in 21 studies included for this review.

We excluded studies focusing on the use of educational robotics because as 
stated in the introduction the majority of such applications are not AI. However, 
there is a possible risk of missing out studies reporting on the use of more 
contemporary educational robotics that use AI.

For example, San Pedro, Baker, and Rodrigo’s (2014) study, explored students’ 
interaction with an intelligent tutoring system in the context of mathematics 
education instead of science education, and was therefore excluded. Ntemngwa 
and Oliver (2018) examined how middle school teachers integrated STEM 

Table 1. Search string used to screen four international databases for relevant literature.
Topic Search string

AI application “artificial intelligence” or “machine learning” or “neural network” or “adaptive 
teaching” or “adaptive learning” or “data mining” or “intelligent tutoring system” or 
“learning analytics” or “automated guidance” or “automated scoring” or “automated 
testing” or “expert system” or “intelligent retrieval” or “knowledge engineering” or 
“natural language processing” or “educational agent” or “automated tutor”

AND
Science Education “scientific argumentation” or “stem” or “science education” or “science curriculum” or 

“science teaching” or “science learning” or “physics” or “biology” or “chemistry” or 
“environmental science” or “ai curriculum” or “ai lesson”

AND
Primary, secondary 

education
“primary school” or “secondary school” or “elementary school” or “middle school” or 

“primary education” or “secondary education” or “high school”
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lessons within courses that have a single subject science focus, using Robotics. 
Teachers made use of the Lego Mindstorms software and hardware to work on 
science and engineering problem solving using computer programming and 
robotics. The LEGO Mindstorm kits do not have built-in AI capabilities, nor was it 
explained in the study that teachers added this. Therefore, the study was not 
included in the review study as it did not focus on an AI application. Similarly, 
Ponticorvo, Rubinacci, Marocco, Truglio, and Miglino’s (2020) study was 
excluded as they used the LEGO Mindstorm kits to explore how educational 
robotics can be used to foster and assess social relations in students’ group.

Search alerts were created on ERIC, PsycInfo, Web of Science, and Scopus to 
inform us of any additional papers that would be published and fit the initial 
search string. On 15 April 2022, all search alerts had been gathered, fully 
screened, and accessed for eligibility, resulting in one additional study which 
was included in this systematic review. Leaving the total number of included 
studies in this review at 22 (Please see Figure 1 for a schematic overview of the 
search and inclusion and exclusion process).

3.3. Coding

To provide an in-depth overview of the AI applications used for school science 
in the identified 22 papers, the three proposed research questions, which focus 
on type of AI application, science teaching content, and impact on science 
teaching and learning, informed the analysis of the papers. First, all papers 
were fully read and summaries of each study were made that included the 
aim, type of AI application, method, findings, and conclusions. Subsequently, 
the summaries were used to determine for each individual paper the answers on 
the three proposed research questions.

To write a synthesis, all individual answers on the research questions were 
thematically analyzed, using a combination of inductive and deductive coding 
techniques. An example of the coding process is presented in Table 2. Themes 
emerged within the codes, and were used to write the synthesis offered in the 
Result section.

4. Results

4.1. RQ1: what types of AI applications are being used in school science?

The studies reviewed included nine different types of AI applications: automated 
assessment, automated feedback, learning analytics, adaptive learning systems, 
intelligent tutoring systems, multilabel text classification, chatbot, expert system, 
and mind wandering detection. These applications range from simulating con-
versations with human users (i.e., chatbot) to the use of attention control 
mechanisms (i.e., mind wandering detection). The studies typically used to 
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examine the ways in which AI tools are used and not the impact that these tools 
might have on learning. In reviewing these studies, we observed that they often 
lacked an explicitly articulated definition of the AI application. Therefore, 
instead of definitions provided by the included studies, we provided self-for-
mulated descriptions of each application in Table 3. In five cases, two types (i.e., 
automated assessment and automated feedback) of AI applications were cov-
ered in the paper. Table 3 included these studies under both AI types.

In the reviewed literature, automated assessment and feedback applications 
were well represented, together with personalized learning systems and pre-
dictive modeling. This is in line with previous identified AIEd research trends 
over the last decade (Bozkurt et al., 2021; Feng & Law, 2021; Zawacki-Richter et 
al., 2019). Other applications for school science education that are less repre-
sented in the literature are chatbots, multilabel text classifiers, mind wandering 
detection systems, and expert systems. These varied applications found in the 
reviewed literature are in line with the wide range of AI in general.

Figure 1. Prisma diagram (inspired by Moher et al., 2009; Zawacki-Richter et al., 2019).
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The majority of the AI applications were designed to offer support to stu-
dents, meaning that students directly interact with the applications, receiving, 
for example, adapted learning content, automated feedback, or answers to their 
questions (i.e., chatbot). AI applications that offer support to teachers often 
aimed to save teachers time by automating tasks such as assessment, or to help 
teachers plan teaching interventions for struggling students through predictive 
modeling applications.

4.2. RQ2: for what teaching content are AI applications in school science 
used?

Table 4 provides a detailed overview of the teaching content in which the AI 
applications are used. The study by Yağci and Çevik (2019) is excluded from this 
table, as their AI application predicts students’ achievements in a full science 
program and is not used in a specific course. From the other 21 studies, the 
majority of the AI applications are used in in the context of geoscience (n = 5) or 
physics (n = 9) lessons. Despite a strong influence/authority of these two 
domains, the teaching content of the AI applications reviewed is diverse, as is 
evidenced by the large variety in subtopics of the physics and geoscience 
learning activities in Table 4. Less frequent teaching content in the reviewed 
literature are science, biology, and AI.

Regarding the learning objectives accompanying the teaching content, the 
AI applications are used to either teach domain-specific knowledge to students 
or to develop scientific argumentation skills. For example, the automated 
assessment and feedback application by Zhu et al. (2017), and further devel-
oped versions of the application by Mao et al. (2018) and Lee et al. (2019, 2021), 
aimed to improve the scientific argumentation skills of students. These applica-
tions provided a curriculum during which students were asked to give multiple 
scientific argumentations. After submitting an argument, students received 
automated assessment and feedback on how to improve these arguments. 
Subsequently, the students were provided with an opportunity for revisions 
on which they would again receive a score and feedback. Overall, the automatic 
assessment and feedback system trained and improved the argumentation skills 
of students.

The intelligent tutoring system by Dolenc et al. (2015), illustrates applications 
focusing on knowledge transfer. This tutoring system taught the Gears subject 
matter, which serves as the last chapter of the Technology and Science Course 
in the eighth grade of an elementary school in Slovenia. By providing students 
with the content of this subject matter, and proposing individually adapted 
learning paths based on students’ cognitive abilities, students were able to 
master the content of this Technology and Science Course chapter.

In the reviewed literature, the learning materials of AI applications were often 
derived from already existing learning materials based on the national curricula. 
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Hence, AI is being used to teach content that was already being taught. AI 
applications are often merely used to digitalize or automate existing learning 
materials, instead of searching for a new and innovative way of teaching and 
learning that utilizes the opportunities AI brings to the educational field.

4.3. RQ3: what is the impact of AI applications on teaching and learning 
school science?

In this section, we synthesize the impact of the AI applications school science as 
reported by the reviewed literature. Common evaluation strategies to measure 
the impact of the AI applications were a control group and experimental group, 
pre-test and post-test, log data analysis, or human-machine agreement analysis. 
In a few cases (n = 6), the impact was additionally examined with qualitative 
data obtained from surveys, interviews, video recordings, or audio recordings.

The articles are, based on the nature of their impact, subcategorized into four 
themes: impact on i) students’ learning achievements; ii) students’ scientific 
argumentation skills; iii) students’ learning experiences; and, iv) teaching. These 
four subsections elaborate more on the subcategorized type of impact and 
present tables in which all related studies are summarized.

4.3.1. Impact on students’ learning achievements
Seven studies reported an impact on students’ learning achievements (Table 5). 
Overall, the impact of AI applications integrated into science curricula was 
satisfactory on students’ learning achievements, meaning that students 
achieved the learning objectives of the curriculum in which the AI applications 
were integrated. In a few cases (n = 4), authors argued that the educational 
approaches using AI applications could impact students’ learning achievements 
as good as, or better than, conventional teaching approaches. No reports of 
negative influences on learning achievements were discussed or observed in 
the reviewed literature.

4.3.2. Impact on students’ scientific argumentation skills
Four articles reported a positive impact on students’ scientific argumentation 
skills through the use of an automated assessment and feedback system. The 
relevant articles are presented in Table 6. All articles either used a pre-test/post- 
test comparison, or a log data analysis to illustrate the impact on students’ 
scientific argumentation skills. In one case, it was argued that a scientific 
argumentation curriculum with AI features facilitated better learning improve-
ments than the same curriculum without AI features. Again, no negative impact 
or lower impact compared to other teaching methods were reported.
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4.3.3. Impact on students’ learning experiences
It is worth noting that only six studies provided empirical evidence related 
to the students’ learning experiences while working with the AI applica-
tions. Although almost all studies strive to evaluate their AI application, this 
evaluation is often focused on accuracy or effectiveness, and little attention 
is given to the impact on the learning experiences of students.

The six studies that examined students’ learning experiences used surveys, 
interviews, or video data, to gather a broad idea of how students themselves 
perceived their experience in terms of engagement, enjoyment, and motivation. 
However, no validated tools were used to measure learning-related constructs 
such as motivation, interest, and attitudes. Moreover, the studies did not use 
experimental research designs to distinguish effects on learning experiences by 
the actual AI features from the effects of the curriculum in which the AI features 
were generated, hence it is not clear if the impact on students’ learning 
experiences can be attributed to the AI features or from other features of the 
curriculum students participated in.

In Table 7, we provide an overview of the impact of the AI applications on 
students’ learning experiences as reported by the reviewed literature because 
these initial, limited findings may propose some useful insights for future 
research.

4.3.4. Impact on teaching
In this subsection, we present the findings of seven studies that described a 
potential impact of AI applications on teaching (Table 8). An important caveat is 
that none of the seven studies examined the impact on teaching in particular or 
teachers’ practices. Instead, the studies provide evidence for the potential 
impact and discuss how teachers, in theory, could use this in the classroom. 
Hence, the research so far is limited to design studies, where the focus lays on 
developing and validating AI applications. Although researchers seem optimis-
tic about the impact on teaching, there is no concrete evidence of the impact of 
AI on the nature of science teaching.

Overall, the studies reported three different ways to impact teaching. 
Firstly, AI applications can support teachers by taking over time-consuming 
tasks. This can save time for teachers, which can relieve work pressure on 
teachers, or give them more time to spend on individual teaching. 
Secondly, automatic assessment based on machine learning techniques 
can help teachers assess students on skills that were previously too time- 
consuming to assess. And finally, the third way to impact teaching is via 
predictive modeling which can support teachers in planning teaching inter-
vention for more optimal impact.
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5. Discussion

Based on the review of the 22 selected studies, our first conclusion is that the 
literature on AI applications in school science follows similar trends as the 
review studies on AI application in education, in general. Similar to the corpus 
of Zawacki-Richter et al. (2019), who reviewed 146 studies on AI applications in 
higher education, the majority of the studies took placed in the United States 
and Asia. Moreover, the three most dominant themes of AI applications identi-
fied in our review are: automated assessment and feedback, personalized 
learning, and predictive modeling. These are well aligned with previously 
identified themes and trends in research on AI in education (Bozkurt et al., 
2021; Feng & Law, 2021; Guan et al., 2020). The similarities between the research 
themes identified in broad review studies on AI in education and the themes in 
this more specific systematic review focused on AI in school science education, 
possibly imply that researchers have a similar approach to integrating AI in 
school science education as in other educational domains.

A second conclusion we draw from the corpus analysis is that the impact of AI 
applications on school science shows great potential in tackling three major 
challenges in science education. First, AI applications can help lighten the heavy 
workload of science educators by taking out time-consuming tasks such as 
assessment and feedback. Secondly, AI applications can enhance students’ gen-
eral low interest in science by providing them with engaging and entertaining 
intelligent tutors, or non-traditional personalized learning environments. Finally, 
AI applications can help optimize teaching processes to improve the general low 
learning achievements in science subjects. Applying a more critical lens towards 
these findings, showcases that AI applications have been used either for more 
practical reasons (i.e., reducing workload, automatizing feedback) or for support-
ing students’ interest and conceptual understanding. Missing remains engage-
ment with goals related to how students interact with AI applications, how AI 
applications might transform learning environments to promote inclusivity goals, 
as well as how AI tools might be used to enhance socio-emotional learning.

A third conclusion that can be drawn from our synthesis of the findings of the 
reviewed studies is that the overall positively reported impact of AI application 
on school science education lacks concrete empirical evidence. In the reviewed 
literature AI applications are declared as successful or the impact of the applica-
tion is determined to be positive when the application works sufficiently. 
However, in the reviewed literature “working sufficiently” was narrowed down 
to a certain level of accuracy, or certain values of the post-test. A more holistic 
approach to learning experiences which would enable a more in-depth under-
standing of how AI applications might be used to transform school science is 
missing in the literature. For example, the studies on predictive models reported 
positive outcomes since the predictions of the models were accurate. However, 
the researchers tended to assume that these accurate prediction models will 
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automatically have a positive impact on student learning and achievement. 
Moreover, missing remains an understanding of how AI tools might support 
science engagement and learning of all learners, which directly connects to 
sustainability goals related to inclusivity

This brings to light a first major limitation of the reviewed corpus: a lack of 
qualitative empirical studies that would provide insights into the ways in which 
AI tools might support science teaching and learning as well as multiple types of 
interactions that take place in the classroom: students with AI applications, 
students with other students, students with teachers, and teachers with AI 
applications. Instead, the majority of the studies reviewed have used quantita-
tive methods that lack depth and attention at the microlevel aspects of learning 
(e.g., discourse analysis, interaction). Moreover, students’ and teachers’ experi-
ences have not been examined thoroughly. Few studies used a mixed-method 
approach, where little additional qualitative data were collected, often from a 
very short period and/or limited sample size. This lack of qualitative and long-
itudinal studies was also observed in the literature on AI applications in higher 
education by Zawacki-Richter et al. (2019).

A second limitation that we identified in reviewing the existing knowledge 
base on the use of AI in school science is attention to issues related to bias and 
ethics, especially in relation to race and gender. This is a striking finding con-
sidering the increasing attention on trustworthy and ethical AI from researchers 
and policymakers globally. Ethical considerations should not only be taken into 
account during the implementation of AI tools but also during the development 
and implementation to ensure safe and fair AI applications for school science.

Finally, the last conclusion that we draw from our corpus analysis is that in 
the past 11 years, AI applications have been used in school science to automate 
or optimize already existing educational practices. Clear examples of this auto-
matization are AI applications such as automated assessment and feedback, 
which are specifically designed to take over tasks from teachers. Examples of 
optimization include predictive models, which provide teachers with informa-
tion on students’ behavior or achievements to schedule an effective interven-
tion. Other less obvious examples of automatization and optimization are AI 
applications such as intelligent tutoring systems, or adaptive learning systems. 
These personalized learning tools try to optimize students’ learning process and 
help them achieve the learning objectives of the curriculum. The teaching 
content that these applications are used for is almost exclusively existing 
science curricula. Teaching content from textbooks is transferred to an online 
learning environment with some personalized learning features. In all instances, 
the essence of the teaching content and the learning objectives remained the 
same, only the delivery of the teaching content to the students changed. Thus, 
AI applications are being integrated into the existing science curriculum without 
any change in the learning objectives, which is both fragmented and limited
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We argue that a sole focus on optimizing and automating educational 
processes is a third limitation of the corpus. Missing remains an understanding 
of how teachers and AI tools might work in synergy to support science engage-
ment and learning. We recommend that researchers, policy-makers, and edu-
cators should aim for a new human-machine alliance, where teachers’ abilities 
to recognize emotions, communicate, and offer mental support to students are 
combined with AI features focusing on analyzing student behavior, assessing, 
evaluating, etc. To do this, interdisciplinary approaches to research are needed 
to investigate how AI can truly support and extend the way teachers teach and 
redefine school science education. Or, as Miao, Holmes, Huang, and Zhang 
argued (2021), we should investigate how we can use “the unique affordances 
of AI to reimagine teaching and learning” (p. 19).

6. Implications

In the introduction, we identified AI as a potential technology that can improve 
science education. Though we cannot predict exactly the future types and uses 
of AI applications in science education, it is clear that AI has already transformed 
teaching and learning. The synthesis of the literature holds important implica-
tions for future research on AI in science education, both for theory and practice. 
These implications also point to the possible future use of AI in science educa-
tion and the potential risks associated with it especially in relation to fairness 
and ethics.

6.1. Examining students’ and teachers’ experiences through explorative 
qualitative studies

The large majority of the literature studies are quantitative of nature and 
focused on validating the AI application in terms of accuracy or efficiency. For 
AI in school science to move forward, we need more explorative qualitative 
studies on students’ and teachers’ experiences with AI applications in the class-
room, in order to get a better understanding of how AI applications might 
support science engagement and learning.

6.2. Addressing the ethical risks on AI in science education through 
guidelines and AI education

Despite the growing attention to the ethical challenges related with artificial 
intelligence, none of the reviewed studies discussed ethical issues that were 
considered during the design or implementation phase. To ensure safe, fair, and 
impartial AI applications in school science we urge AI science curriculum 
designers to take into account the seven key requirements that AI system 
should meet to be trustworthy, according to the report “the Ethics guidelines 
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of Trustworthy AI” developed by the High-Level Expert Group on Artificial 
Intelligence, and that was set up by the European Commission in 2018. This 
will not only encourage researchers to actively take this ethical approach to AI 
but also increase transparency for readers on how ethical the design and 
implementation process was.

6.3. Innovating science education with AI through interdisciplinary 
collaborations

As stated earlier, the reviewed studies mainly use the new technology to 
automate existing learning practices. However, to make full use of all the 
opportunities AI has for school science, we need to start thinking outside the 
box and start formulating new learning objectives and new teaching materials 
that were, before the upcoming of AI, unreachable. Instead of thinking about 
how we can use AI to educate, we have to start asking ourselves how can we 
educate using AI for a socially just and fair future. Hence, we argue that more 
interdisciplinary collaborations must be developed between the fields of 
Computing Science and Educational Research. Computing scientists have the 
means to develop AI applications, while educational researchers have the 
theory to make designs pedagogically appropriate, theoretically-sound and 
socially just.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The work was supported by the European Commission [MAMMOTH].

ORCID

Dagmar Mercedes Heeg http://orcid.org/0000-0002-0929-109X
Lucy Avraamidou http://orcid.org/0000-0001-9693-4438

References

Bosch, N. & D'Mello, S. K. (2021). Automatic Detection of Mind Wandering from Video in the 
Lab and in the Classroom. IEEE Transactions on Affective Computing, 12(4), 974–988. https:// 
doi.org/10.1109/TAFFC.2019.2908837 

Bozkurt, A., Karadeniz, A., Baneres, D., Guerrero-Roldán, A. E., & Rodríguez, M. E. (2021). 
Artificial intelligence and reflections from educational landscape: A review of ai studies 
in half a century. Sustainability, 13(2), 800. https://doi.org/10.3390/su13020800

EDUCATIONAL MEDIA INTERNATIONAL 147

https://doi.org/10.1109/TAFFC.2019.2908837
https://doi.org/10.1109/TAFFC.2019.2908837
https://doi.org/10.3390/su13020800


Chassignol, M., Khoroshavin, A., Klimova, A., & Bilyatdinova, A. (2018). Artificial intelligence 
trends in education: A narrative overview. Procedia Computer Science, 136, 16–24. https:// 
doi.org/10.1016/j.procs.2018.08.233 

Chu, H. C., Hwang, G. J., & Tsai, C. C. (2010). A knowledge engineering approach to developing 
mindtools for context-aware ubiquitous learning. Computers & Education, 54(1), 289–297. 
https://doi.org/10.1016/j.compedu.2009.08.023 

Dolenc, K., Abersek, B., & Abersek, M. K. (2015). Online functional literacy, intelligent tutoring 
systems and science education. Journal of Baltic Science Education, 14(2), 162–171. https:// 
doi.org/10.33225/jbse/15.14.162

European Commission. (2020, 19 February). White paper on Artificial intelligence – a European 
approach to excellence and trust. Author European Commission. https://ec.europa.eu/info/ 
publications/white-paper-artificial-intelligence-european-approach-excellence-and-trust_en 

Feng, S., & Law, N. (2021). Mapping artificial intelligence in education research: A network- 
based keyword analysis. International Journal of Artificial Intelligence in Education, 31(2), 
277–303. https://doi.org/10.1007/s40593-021-00244-4

Gaudioso, E., Montero, M., & Hernandez-Del-Olmo, F. (2012). Supporting teachers in adaptive 
educational systems through predictive models: A proof of concept. Expert Systems with 
Applications, 39(1), 621–625. https://doi.org/10.1016/j.eswa.2011.07.052 

Gerard, L., Matuk, C., McElhaney, K., & Linn, M. C. (2015). Automated, adaptive guidance for k- 
12 education. Educational Research Review, 15, 41–58. https://doi.org/10.1016/j.edurev. 
2015.04.001

Gonzalez, A. J., Hollister, J. R., DeMara, R. F., Leigh, J., Lanman, B., Lee, S.-Y., Parker, S., Walls, C., 
Parker, J., Wong, J., Barham, C., & Wilder, B. (2017). AI in informal science education: 
Bringing turing back to life to perform the turing test. International Journal of Artificial 
Intelligence in Education: Official Journal of the International AIED Society, 27(2), 353–384.  
https://doi.org/10.1007/s40593-017-0144-1

Guan, C., Mou, J., & Jiang, Z. (2020). Artificial intelligence innovation in education: A twenty- 
year data-driven historical analysis. International Journal of Innovation Studies, 4(4), 134– 
147. https://doi.org/10.1016/j.ijis.2020.09.001

Huang, C.-J., Wang, Y.-W., Huang, T.-H., Chen, Y.-C., Chen, H.-M., & Chang, S.-C. (2011). 
Performance evaluation of an online argumentation learning assistance agent. 
Computers & Education, 57(1), 1270–1280. https://doi.org/10.1016/j.compedu.2011.01.013 

Hutt, S., Krasich, K., Mills, C., Bosch, N., White, S., Brockmole, J. R., & D’Mello, S. K. (2019). 
Automated gaze-based mind wandering detection during computerized learning in class-
rooms. User Modeling and User-Adapted Interaction: The Journal of Personalization Research, 
29(4), 821–867. https://doi.org/10.1007/s11257-019-09228-5

Lee, H.-S., Gweon, G.-H., Lord, T., Paessel, N., Pallant, A., & Pryputniewicz, S. (2021). Machine 
learning-enabled automated feedback: Supporting students’ revision of scientific argu-
ments based on data drawn from simulation. Journal of Science Education and Technology, 
30(2), 168–192. https://doi.org/10.1007/s10956-020-09889-7 

Lee, H.-S., Pallant, A., Pryputniewicz, S., Lord, T., Mulholland, M., & Liu, O. L. (2019). Automated 
text scoring and real-time adjustable feedback: Supporting revision of scientific arguments 
involving uncertainty. Science Education, 103(3), 590–622. https://doi.org/10.1002/sce.21504 

Maestrales, S., Zhai, X., Touitou, I., Baker, Q., Schneider, B., & Krajcik, J. (2021). Using machine 
learning to score multi-dimensional assessments of chemistry and physics. Journal of Science 
Education and Technology, 30(2), 239–254. https://doi.org/10.1007/s10956-020-09895-9 

Mao, L., Liu, O. L., Roohr, K., Belur, V., Mulholland, M., Lee, H.-S., & Pallant, A. (2018). Validation 
of automated scoring for a formative assessment that employs scientific argumentation. 
Educational Assessment, 23(2), 121–138. https://doi.org/10.1080/10627197.2018.1427570

148 D. M. HEEG AND L. AVRAAMIDOU

https://doi.org/10.1016/j.procs.2018.08.233
https://doi.org/10.1016/j.procs.2018.08.233
https://doi.org/10.1016/j.compedu.2009.08.023
https://doi.org/10.33225/jbse/15.14.162
https://doi.org/10.33225/jbse/15.14.162
https://ec.europa.eu/info/publications/white-paper-artificial-intelligence-european-approach-excellence-and-trust_en
https://ec.europa.eu/info/publications/white-paper-artificial-intelligence-european-approach-excellence-and-trust_en
https://doi.org/10.1007/s40593-021-00244-4
https://doi.org/10.1016/j.eswa.2011.07.052
https://doi.org/10.1016/j.edurev.2015.04.001
https://doi.org/10.1016/j.edurev.2015.04.001
https://doi.org/10.1007/s40593-017-0144-1
https://doi.org/10.1007/s40593-017-0144-1
https://doi.org/10.1016/j.ijis.2020.09.001
https://doi.org/10.1016/j.compedu.2011.01.013
https://doi.org/10.1007/s11257-019-09228-5
https://doi.org/10.1007/s10956-020-09889-7
https://doi.org/10.1002/sce.21504
https://doi.org/10.1007/s10956-020-09895-9
https://doi.org/10.1080/10627197.2018.1427570


Mead, C., Buxner, S., Bruce, G., Taylor, W., Semken, S., & Anbar, A. D. (2019). Immersive, 
interactive virtual field trips promote science learning. Journal of Geoscience Education, 
67(2), 131–142. https://doi.org/10.1080/10899995.2019.1565285

Miao, F., Holmes, W., Ronghuai, H., & Zhang H. (2021). AI end education: Guidance for policy- 
makers (UNESCO), 45. https://doi.org/10.54675/PCSP7350 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group. (2009). Preferred reporting 
items for systematic reviews and meta-analyses: The prisma statement. Annals of Internal 
Medicine, 151(4), 264–269. https://doi.org/10.7326/0003-4819-151-4-200908180-00135 

Ntemngwa, C., & Steve, O. J. (2018). The implementation of Integrated Science Technology, 
engineering and mathematics (STEM) instruction using robotics in the middle school 
Science classroom. International Journal of Education in Mathematics, Science and 
Technology, 12–40. https://doi.org/10.18404/ijemst.380617 

Nye, B. D., Davis, D. M., Rizvi, S. Z., Carr, K., Swartout, W., Thacker, R., & Shaw, K. (2020). 
Feasibility and usability of MentorPal, a framework for rapid development of virtual 
mentors. Journal of Research on Technology in Education, 53(1), 21–43. https://doi.org/10. 
1080/15391523.2020.1771640

Nye, B. D., Davis, D. M., Rizvi, S. Z., Carr, K., Swartout, W., Thacker, R., & Shaw, K. (2021). 
Feasibility and usability of MentorPal, a framework for rapid development of virtual 
mentors. Journal of Research on Technology in Education, 53(1), 21–43. https://doi.org/10. 
1080/15391523.2020.1771640 

OECD. (2021). OECD digital education outlook 2021 : Pushing the frontiers with artificial 
intelligence, blockchain and robots. OECD Publishing. https://doi.org/10.1787/589b283f-en

Parsia, J., Leo, B., Al-Emari, U., Sattler, S., & Al-Emari, S. (2020). A systematic review of automatic 
question generation for educational purposes. International Journal of Artificial Intelligence 
in Education, 30(1), 121–204. https://doi.org/10.1007/s40593-019-00186-y

Ponticorvo, M., Rubinacci, F., Marocco, D., Truglio, F. & Miglino, O. (2020). Educational Robotics 
to Foster and Assess Social Relations in Students' Groups. Frontiers in Robotics and AI, 7. 
https://doi.org/10.3389/frobt.2020.00078 

Popenici, S. A. D., & Kerr, S. (2017). Exploring the impact of artificial intelligence on teaching 
and learning in higher education. Research and Practice in Technology Enhanced Learning, 
12(1), 22–22. https://doi.org/10.1186/s41039-017-0062-8

San Pedro, M. O., Baker, R. S. & Rodrigo, M. M. (2014). Carelessness and Affect in an Intelligent 
Tutoring System for Mathematics. International Journal of Artificial Intelligence in Education, 
24(2), 189–210. https://doi.org/10.1007/s40593-014-0015-y 

Sung, S. H., Li, C., Chen, G., Huang, X., Xie, C., Massicotte, J., & Shen, J. (2021). How does 
augmented observation facilitate multimodal representational thinking? applying deep 
learning to decode complex student construct. Journal of Science Education and 
Technology, 30(2), 210–226. sung. https://doi.org/10.1007/s10956-020-09856-2

Topal, A. D., Eren, C. D., & Geçer, A. K. (2021). Chatbot application in a 5th grade science 
course. Education and Information Technologies, 26(5), 6241–6265. https://doi.org/10.1007/ 
s10639-021-10627-8

Udandarao, V., Gupta, T., Agarwal, A., & Chakraborty, A. (2021). Inphynet: Leveraging atten-
tion-based multitask recurrent networks for multi-label physics text classification. 
Knowledge-Based Systems, 211, 211. https://doi.org/10.1016/j.knosys.2020.106487

Van Griethuijsen, R. A. L. F., van Eijck, M. W., Haste, H., den Brok, P. J., Skinner, N. C., Mansour, 
N., Gencer, A. S., & BouJaoude, S. (2015). Global patterns in students’ views of science and 
interest in science. Research in Science Education, 45(4), 581–603. https://doi.org/10.1007/ 
s11165-014-9438-6 

EDUCATIONAL MEDIA INTERNATIONAL 149

https://doi.org/10.1080/10899995.2019.1565285
https://doi.org/10.54675/PCSP7350
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.18404/ijemst.380617
https://doi.org/10.1080/15391523.2020.1771640
https://doi.org/10.1080/15391523.2020.1771640
https://doi.org/10.1080/15391523.2020.1771640
https://doi.org/10.1080/15391523.2020.1771640
https://doi.org/10.1787/589b283f-en
https://doi.org/10.1007/s40593-019-00186-y
https://doi.org/10.3389/frobt.2020.00078
https://doi.org/10.1186/s41039-017-0062-8
https://doi.org/10.1007/s40593-014-0015-y
https://doi.org/10.1007/s10956-020-09856-2
https://doi.org/10.1007/s10639-021-10627-8
https://doi.org/10.1007/s10639-021-10627-8
https://doi.org/10.1016/j.knosys.2020.106487
https://doi.org/10.1007/s11165-014-9438-6
https://doi.org/10.1007/s11165-014-9438-6


Ward, W., Cole, R., Bolaños, D., Buchenroth-Martin, C., Svirsky, E., & Weston, T. (2013). My 
science tutor: A conversational multimedia virtual tutor. Journal of Educational Psychology, 
105(4), 1115–1125. https://doi.org/10.1037/a0031589 

Wen, C.-T., Chang, C.-J., Chang, M.-H., Fan Chiang, S.-H., Liu, C.-C., Hwang, F.-K., & Tsai, C.-C. 
(2018). The learning analytics of model-based learning facilitated by a problem-solving 
simulation game. Instructional Science: An International Journal of the Learning Sciences, 46 
(6), 847–867. https://doi.org/10.1007/s11251-018-9461-5

Wu, P.-H., Hwang, G.-J., & Tsai, W.-H. (2013). An expert system-based context-aware ubiqui-
tous learning approach for conducting science learning activities. Educational Technology & 
Society, 16(4), 217–230.

Xiao, Y., & Watson, M. (2019). Guidance on conducting a systematic literature review. Journal 
of Planning Education and Research ,  39(1), 93–112. https://doi.org/10.1177/ 
0739456X17723971 

Yağci, A., & Çevik, M. (2019). Prediction of academic achievements of vocational and technical 
high school (VTS) students in science courses through artificial neural networks (compar-
ison of Turkey and Malaysia). Education and Information Technologies: The Official Journal of 
the IFIP Technical Committee on Education, 24(5), 2741–2761. https://doi.org/10.1007/ 
s10639-019-09885-4

Yağci, A., & Çevik, M. (2019). Prediction of academic achievements of vocational and technical 
high school (VTS) students in science courses through artificial neural networks (compar-
ison of Turkey and Malaysia). Educ Inf Technol, 24(5), 2741–2761. https://doi.org/10.1007/ 
s10639-019-09885-4 

Zawacki-Richter, O., Marín, I. V., Bond, M., & Gouverneur, F. (2019). Systematic review of 
research on artificial intelligence applications in higher education - where are the educa-
tors? International Journal of Educational Technology in Higher Education, 16(1), 1–27.  
https://doi.org/10.1186/s41239-019-0171-0

Zhai, X., Yin, Y., Pellegrino, J. W., Haudek, K. C., & Shi, L. (2020). Applying machine learning in 
science assessment: A systematic review. Studies in Science Education, 56(1), 111–151. 
https://doi.org/10.1080/03057267.2020.1735757 

Zhu, M., Lee, H.-S., Wang, T., Liu, O. L., Belur, V., & Pallant, A. (2017). Investigating the impact of 
automated feedback on students’ scientific argumentation. International Journal of Science 
Education, 39(12), 1648–1668. https://doi.org/10.1080/09500693.2017.1347303 

Zulfiani, Z., Suwarna, I. P., & Miranto, S. (2018). Science education adaptive learning system as 
a computer-based science learning with learning style variations. Journal of Baltic Science 
Education, 17(4), 711–727. https://doi.org/10.33225/jbse/18.17.711

Zulfiani, Z., Suwarna, I. P., & Miranto, S. (2021). Improving students’ academic achievement 
using the ScEd-ALS Android-based. International Journal of Instruction, 14(2), 735–756. 
https://doi.org/10.29333/iji.2021.14241a

150 D. M. HEEG AND L. AVRAAMIDOU

https://doi.org/10.1037/a0031589
https://doi.org/10.1007/s11251-018-9461-5
https://doi.org/10.1177/0739456X17723971
https://doi.org/10.1177/0739456X17723971
https://doi.org/10.1007/s10639-019-09885-4
https://doi.org/10.1007/s10639-019-09885-4
https://doi.org/10.1007/s10639-019-09885-4
https://doi.org/10.1007/s10639-019-09885-4
https://doi.org/10.1186/s41239-019-0171-0
https://doi.org/10.1186/s41239-019-0171-0
https://doi.org/10.1080/03057267.2020.1735757
https://doi.org/10.1080/09500693.2017.1347303
https://doi.org/10.33225/jbse/18.17.711
https://doi.org/10.29333/iji.2021.14241a

	Abstract
	1. Introduction
	2. What is Artificial intelligence?
	3. Methods
	3.1. Inclusion criteria
	3.2. Databases and included studies
	3.3. Coding

	4. Results
	4.1. RQ1: what types of AI applications are being used in school science?
	4.2. RQ2: for what teaching content are AI applications in school science used?
	4.3. RQ3: what is the impact of AI applications on teaching and learning school science?
	4.3.1. Impact on students’ learning achievements
	4.3.2. Impact on students’ scientific argumentation skills
	4.3.3. Impact on students’ learning experiences
	4.3.4. Impact on teaching


	5. Discussion
	6. Implications
	6.1. Examining students’ and teachers’ experiences through explorative qualitative studies
	6.2. Addressing the ethical risks on AI in science education through guidelines and AI education
	6.3. Innovating science education with AI through interdisciplinary collaborations

	Disclosure statement
	Funding
	ORCID
	References

