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 In recent years, the use of artificial intelligence (AI) has become increasingly 

widespread and has attracted significant attention worldwide. In this study, a 

systematic review was conducted to determine the use of AI in biology education 

and the prevailing trends in its application. The study aimed to conduct a 

comprehensive review of articles published between 2010 and 2024 that employed 

artificial intelligence in biology education. In line with this aim, a total of 49 

keywords were searched from Web of Science, SCOPUS, ERIC and IEEE Xplore 

databases. The entire process was summarized in the PRISMA diagram. 39 articles 

were deemed eligible for inclusion in the systematic review. The selected articles 

were analyzed in terms of publication year, research method, country of conduct, 

study group, number of participants, subject area, artificial intelligence 

technologies used, artificial intelligence applications used, and their outcomes. An 

evaluation of the articles according to the main topics in biology revealed that 

there is a lack of sufficient research on the evolutionary history of biodiversity and 

the models and processes of evolution. It was also found that there is a lack of 

sufficient research in the literature on artificial intelligence-supported educational 

games and simulations in biology education. In this context, it is recommended 

that the use of artificial intelligence technologies in biology education be expanded 

to include educational games, which are frequently used to motivate students and 

encourage learning, and simulations, which are suitable for development in many 

areas of biology education.  
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Introduction 

 

First, in 1950, Alan M. Turing proposed considering the question “Can a machine think?” in his article titled 

“Computing Machinery and Intelligence.” In this context, he presented a thought experiment called the “Turing 

test” to bring together the concepts of thinking and machines in order to demonstrate that a machine can think or, 

in other words, exhibit human-like intelligence (Turing, 1950). In 1959, Prof. Dr. Cahit Arf, in his article “Can a 

Machine Think and How Can It Think?”, presented and explained examples of machine design demonstrating that 

machines can think. According to Arf, machines can be designed to perform analytical and logical operations such 

as establishing analogies, using language, calculating, and eliminating. Therefore, there are similarities between 

the human brain and machine functioning. However, Arf argued that the most fundamental differences between 

the human brain and a machine stem from the human brain's ability to function with aesthetic awareness, to make 

decisions, and to feel free to choose whether or not to carry out a given task (Arf, 1959). It is reported in the 

literature that the difficulty in determining the parameters of artificiality or in identifying the reasons why 

machines differ from human intelligence makes it difficult to define artificial intelligence, and the following 

statement is made regarding this issue;    

 

“They are much less than human intelligence—they can only calculate. And they are much more—they can 

calculate larger numbers and faster than humans. We have cause to be in awe at the super-human brilliance of 

their feats of calculation.” (Cope et al., 2021). 

 

As can be understood, machines are emphasized as possessing superhuman intelligence in calculations. Artificial 

intelligence can be defined as the ability of machines to exhibit and simulate human-like intelligent behavior. In 

other words, it can be defined as software used to perform tasks or produce outputs that are considered to require 

human intelligence (Oxford University Press, n.d.).  

 

There are several significant milestones in the historical development of artificial intelligence. The first of these 

was Marvin Minsky (1969) and John McCarthy (1971), who laid the foundations of the field based on 

representation and reasoning. McCarthy, the founder of the term artificial intelligence, received the Turing Award 
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for his contributions. Later, Allen et al. (1975) established the foundations of artificial intelligence with their study 

on symbolic models of human cognition and problem solving; Ed Feigenbaum and Raj Reddy (1994) pioneered 

the development of expert systems that aim to solve real-world problems by encoding human knowledge; Judea 

Pearl (2011) developed probabilistic reasoning techniques and integrated them into artificial intelligence; and 

finally, Yoshua Bengio, Geoffrey Hinton, and Yann LeCun (2019) made deep learning an essential part of modern 

technology. These prominent figures, who significantly contributed to the development of artificial intelligence, 

were also awarded the Turing Award (Erman, Hayes-Roth, et al., 1980; Feigenbaum, & McCorduck, 1983; LeCun 

et al., 2015; Luckin, et al., 2016; McCarthy, 1987; Minsky & Papert, 1969; Newell, & Simon, 1976; Pearl, 2009). 

 

Artificial intelligence can be described as an umbrella term encompassing numerous technologies and 

applications. Language models, one of the AI technologies, facilitate tasks such as grammar assistance, question 

answering, search engine response optimization, text generation, and translation. However, it is often difficult and 

complex to distinguish the texts generated by language models from those produced by humans. This can lead to 

academic fraud, deliberate misuse, and plagiarism. Therefore, while language models offer significant benefits, 

they also present challenges (Brown, et al., 2020). If AI is used effectively, all the challenges brought about by 

AI technologies can be overcome with the power of human intelligence (Akintande, 2024).  

 

Cognitive tutors, one of the AI applications, support students' learning processes by providing personalized 

feedback and contribute to long-term learning. In this regard, cognitive tutors can be considered a powerful 

educational tool. However, it should be noted that AI can never replace real teachers, as the functioning and 

operations of AI are fundamentally different from human intelligence (Koedinger & Corbett, 2005). Machines 

cannot substitute for teachers, but they can serve as supportive tools (Crovello, 1974). 

 

In their study, Lu, et al. (2024) found that chatbots (ChatGPT), an application of artificial intelligence, can be 

used to score students' short-answer questions and demonstrate good-to-moderate consistency when compared to 

teacher scorings. Similarly, Jukiewicz (2024) used ChatGPT to evaluate student assignments and found positive 

correlation between these AI-based evaluations and teacher evaluations. The study concluded that ChatGPT can 

be used as an effective tool for grading student assignments, considering its high-quality assessment, unbiased 

grading, time-saving, and feedback-generating capabilities. Elgohary and Al-Dossary (2022) determined that the 

use of artificial intelligence-supported virtual classrooms significantly improved the field training and teaching 

skills of female teacher candidates (84.40%). Almeda, et al. (2018) developed artificial intelligence-supported 

models that predict students' course success on an online learning platform. The study found that these models 

performed quite well in predicting student success. Predicting student success is crucial for providing support to 

students identified as being at-risk. Accordingly, Mubarak et al. (2022) developed a machine learning-based 

prediction model for early identification of students at risk of dropping out. As a result of the study, the use of this 

model enabled the identification of at-risk students with an accuracy rate of 84%. Benhamdi et al. (2017) presented 

a recommendation approach that provides personalized learning materials for e-learning environments based on 

students’ preferences, memory capacities, interests, and readiness. They found that this recommendation approach 

increases the quality of learning. Ijaz et al. (2017) combined artificial intelligence and virtual reality to create a 

virtual replica of the city of Uruk and used AI-controlled 3D avatars to recreate daily life. They found that this 

application, which allowed students to walk the streets of this city and talk to its residents, resulted in increased 

motivation and interest in their learning experiences. Aluthman (2016) examined the effects of the AI technology–

based Criterion® system, which employs natural language processing (NLP), on the writing performance of 

students enrolled in an academic writing course in the English Language Department at a university. This system, 

which provides instant feedback, evaluation, and automatic scoring, was found to improve students' writing 

mechanics, with moderate progress in style, grammar, and usage. Koć-Januchta et al. (2020) developed a digital 

biology textbook using AI-supported question-and-answer technologies and visuals. The study revealed that 

students' engagement in asking questions and interacting with visuals was positively correlated with retention. 

The usability of this digital textbook was perceived positively by students. The use of artificial intelligence in 

education is becoming increasingly widespread (Holmes et al., 2023). In the field of education, artificial 

intelligence can measure knowledge, support learning, and enable automatic transfer between numbers and 

meaning. In this context, AI holds promise for the future in education and assessment. However, educators should 

be aware of the inherent limitations of AI (Cope et al., 2021). It is evident that AI has a significant impact on 

teaching and learning both within the educational sector and in educational institutions (Chen et al., 2020). 

 

Artificial intelligence is used in a wide range of fields, including industry, marketing, financial services, 

engineering, medicine, pharmacy, physical education, physics education, chemistry education, science education, 

biology education, mathematics education, and language teaching (Broussard et al., 2019; Cooper 2023; Ding et 

al., 2023; Fernández, 2019; Hamet & Tremblay, 2017; Hessler & Baringhaus, 2018; Holmes et al., 2004; 

Iyamuremye et al., 2024; Jarek & Mazurek, 2019; Miller et al., 2025; Nasution, 2023; Parunak, 1996; Pham & 
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Pham, 1999; Xu et al., 2022). Artificial intelligence technologies such as deep learning are used to examine and 

categorize biological data (Webb, 2018). In general, artificial intelligence in biology is used in areas including 

disease detection and diagnosis, medication management, personalized medicine, biological data analysis, 

synthetic biology, investigating and integrating complex mechanisms at various scales, bioinformatics, 

radiography, image processing, and genetic data analysis (Aripin et al., 2024; Bhardwaj et al., 2022; Hassoun et 

al., 2021). The use of artificial intelligence is considered to potentially cause a revolutionary change in biology in 

the 21st century (Hassoun, 2021).  

 

The use of computers in biology education helps improve teaching, makes it possible to teach difficult topics, 

increases students' interest in the course, reduces tedious tasks related to simple topics, and allows students to 

learn at their own pace and review course materials as often as they wish In this context, the use of computers in 

biology education can improve teaching quality. However, excessive use should be avoided, and optimization 

should always be ensured in computer use (Crovello, 1974).  

 

There are numerous systematic reviews on the use of artificial intelligence: AI in education (Wang et al., 2024; 

Zhai et al., 2021), AI in student assessment (González-Calatayud et al., 2021), AI and learning analytics in teacher 

education (Salas-Pilco et al., 2022), AI technologies in K-12 education (Martin, Zhuang, & Schaefer, 2024), the 

use of ChatGPT in K-12 education (Zhang & Tur, 2024), AI applications in online higher education (Ouyang, 

Zheng, & Jiao, 2022), AI in English language teaching (Sharadgah & Sa'di, 2022), AI in science education 

(Almasri, 2024), AI in science teaching and learning (Heeg & Avraamidou, 2023), AI in biology and biology 

learning (Aripin et al., 2024), and bibliometric analyses on the quality and role of AI in improving biology 

education (Lidiastuti et al., 2025). However, studies specifically focusing on the use of AI in biology education 

are relatively limited. Therefore, compiling and presenting the literature on the use of artificial intelligence in 

biology education, which has become increasingly widespread in recent years and has made a significant impact 

worldwide, is considered important in determining the status and trends in the use of AI in biology education. 

This study aimed to conduct a systematic review by comprehensively examining articles published between 2010 

and 2024 to determine the current status and trends in the use of artificial intelligence in biology education. 

Accordingly, the present study is expected to provide a general overview of AI use in biology education and 

contribute to the existing literature. 

 

 

Purpose of the Study and Sub-Problems 

 

The purpose of this study is to determine how artificial intelligence is used in biology education and to identify 

trends related to its use. Accordingly, answers were sought to the following sub-questions: 

 

1) Which artificial intelligence technologies are used in studies on the use of artificial intelligence in biology 

education? 

2) Which artificial intelligence applications are used in studies on the use of artificial intelligence in biology 

education? 

3) What are the outcomes of studies on the use of artificial intelligence in biology education? 

4) What is the distribution of studies on the use of artificial intelligence in biology education by year? 

5) What is the distribution of studies on the use of artificial intelligence in biology education by research method? 

6) What is the distribution of studies on the use of artificial intelligence in biology education by country? 

7) What is the distribution of studies on the use of artificial intelligence in biology education by study group and 

the number of participants? 

8) What is the distribution of studies on the use of artificial intelligence in biology education by the number of 

participants? 

9) What subject areas do studies on the use of artificial intelligence in biology education focus on? 

 

 

Method 
 

A systematic review is a method that allows for the comprehensive and systematic screening of published studies 

in a given field, using various inclusion and exclusion criteria to answer research questions and problems. What 

distinguishes systematic reviews from other types of literature reviews is that they are comprehensive, objective, 

and reproducible. Their reproducibility stems from the fact that the researcher explicitly specifies the search terms, 

databases, and the inclusion and exclusion criteria at the beginning of the study. This also indicates that the 

systematic reviews are evidence-based. Systematic reviews are therefore regarded as important studies that 

minimize bias and yield reliable findings (Higgins & Green, 2008; Karaçam, 2013; Page et al., 2021; Zawacki-
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Richter, 2020). In this study, a systematic review was conducted to determine the use of artificial intelligence 

technologies, which are becoming increasingly widespread in education, in biology education and to identify the 

current trends in this field. A five-phase systematic review process was followed to address the research problems: 

 

 

Phase 1: Article Collection, Review, and Initial Selection 

 

Databases and Search Terms, Article Collection 

 

To review the relevant literature, four international databases (Web of Science, SCOPUS, ERIC, and IEEE 

Xplore) were searched for articles. For each database, the terms "artificial intelligence" and "biology education" 

were searched in the entire text (all fields). These terms were searched by combining them using AND or +. To 

access all the data, the search strings were expanded. Seven different alternative terms for "artificial intelligence" 

and seven different alternative terms for "biology education" were added. By crossing these strings with each 

other, a total of 49 searches were conducted in each database. All search strings used are presented in Table 1. 

The database search and downloading of relevant studies were completed between May and June 2025. 

 

Table 1. Search strings used to search databases 

Topic Search string 

Artificial intelligence "artificial intelligence" OR "machine learning" OR "AI" OR "natural 

language processing" OR "deep learning" OR "artificial neural 

networks" OR "expert systems" 

AND  

Biology education 

"biology education" OR "biology learning" OR "biology teaching" OR 

"biology instruction" OR "biology curriculum" OR "biology laboratory" 

OR "biology textbook" 

 

 

Article Review and Initial Selection 

 

All articles retrieved after searching the databases were uploaded to Zotero. A separate collection was created for 

each database in Zotero. All collections were then compiled into a single collection under the name "Combined 

Folder." The articles in this collection were reviewed, and duplicate articles were excluded. The remaining articles 

were then evaluated for eligibility according to the predefined inclusion criteria. The articles were first reviewed 

by their titles, then by their abstracts, and finally by their full texts, independently by two authors. Disagreements 

between the two authors were resolved through discussion. 

 

 

Initial Inclusion Criteria 

 

Six criteria were applied to determine the eligibility of studies for inclusion in this study: (1) Being appropriate 

for biology education content; (2) Not being a book, book chapter, conference proceeding, or thesis; (3) Being 

empirical research; (4) Being written in English; (5) Having been conducted between 2010 and 2024. Therefore, 

articles that were not published between 2010 and 2024, were not empirical, were not written in English, and were 

not appropriate for biology education were not included in this study. In addition, books, book chapters, 

conference proceedings, and these were not included in this study.  

 

The inclusion and exclusion procedures employed in this systematic review were summarized using the The 

PRISMA diagram (Moher et al., 2009) (Figure 1). The articles retrieved from Web of Science (n=220), SCOPUS 

(n=9,121), ERIC (n=68), and IEEE Xplore (n=77) databases were combined into one folder. 3,335 duplicate 

articles encountered in different databases were excluded, leaving 6,151 articles. First, the titles of these articles 

were screened, and 4,934 articles deemed outside the scope of the study were excluded. Then, the abstracts of the 

remaining articles were screened, and 1,002 articles were excluded for being irrelevant to the scope of the study. 

Finally, the full texts of the remaining 215 articles were examined in detail and evaluated according to the initially 

determined eligibility criteria. As a result of the evaluation, 176 articles were excluded based on the eligibility 

criteria: (1) 102 articles identified as being from fields such as physical education, medicine, nursing, pharmacy, 

chemistry, and physics; (2) 19 articles identified as being written for purposes such as systematic review, meta-

analysis, compilation, and program promotion, and therefore not empirical; (3) 6 articles identified as conference 

proceedings; and (4) 49 articles identified as being published between 1989 and 2025 were excluded. Since all 

reviewed articles were written in English, no exclusion was made based on language criteria. 
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Figure 1. PRISMA diagram 

 

As shown in the PRISMA diagram in Figure 1, a total of 9,486 articles were initially retrieved from the databases. 

After excluding duplicate articles encountered in different databases, the titles of the remaining 6,151 articles 

were independently screened by two authors. A 94% (5,790 / 5,790 + 361) agreement was reached between the 

authors regarding the articles to be included in the study. After the necessary eliminations, the abstracts of the 

remaining 1,217 articles were independently screened by the two authors, resulting in a 97% (1,185 / 1,185 + 32) 

agreement regarding the articles to be included in the study. Finally, the full texts of the remaining 215 articles 

were independently screened by two authors, resulting in a 99% (213 / 213 + 2) agreement regarding the articles 

to be included in the study based on the eligibility criteria. In order to ensure the reliability of the study, these 

agreement rates were calculated according to the formula of Miles and Huberman (2016).    

 

 

Phase 2: Final Article Selection 

 

Artificial intelligence is a broad field encompassing a wide range of technologies, including machine learning, 

natural language processing, computer vision, generative AI, expert systems, robotic systems, deep learning, large 

language models, and natural language generation. Each technology is further divided into sub-applications. In 
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this study, 39 articles selected for full-text review were examined in detail and classified according to their AI 

technologies. 

 

 

Phase 3: Data Determination 

 

For the 39 articles included in the study, a table was created in Excel to determine the following characteristics: 

(1) publication year, (2) research method, (3) country of conduct, (4) study group, (5) number of participants, (6) 

subject area, (7) AI technologies used, (8) AI applications used, and (9) outcomes. The authors independently 

listed the characteristics to be examined in the articles. Any disagreements between the authors were then 

reviewed, and the lists were revised accordingly. Ultimately, agreement was reached between the authors 

regarding the dataset to be used in the study.  

 

 

Phase 4: Data Extraction and Audit 

 

Following the selection of articles to be included in the study and the determination of data, all excluded articles 

were removed from Zotero through the joint effort of the two authors. Additionally, the dataset was reviewed by 

a professor specializing in the field of biology education to ensure data accuracy. Finally, the data were verified, 

and the final dataset was prepared. 

 

 

Phase 5: Analysis 

 

This study aimed to address nine sub-problems. Descriptive analysis was used to analyze articles on the use of 

artificial intelligence in biology education based on the AI technologies used, publication year, research method, 

country of conduct, study group, and number of participants. In descriptive analysis, the dataset is categorized 

according to pre-determined themes. Descriptive analysis is carried out in four stages: (1) creating a framework 

for descriptive analysis, (2) processing the data according to the thematic framework, (3) defining the findings, 

(4) interpreting the findings (Yıldırım & Şimşek, 2016, pp. 239-240).  

 

Content analysis was used to analyze articles on the use of artificial intelligence in biology education according 

to the artificial intelligence applications used, the outcomes, and the subject area. Content analysis is carried out 

in four stages: (1) coding the data, (2) identifying themes, (3) organizing codes and themes, and (4) defining and 

interpreting the findings (Yıldırım & Şimşek, 2016, pp. 242-252). The data set used in this study was coded by 

generating codes directly from the data using inductive analysis in accordance with the “coding based on concepts 

extracted from the data” type (Strauss & Corbin, 1990). Excel, IBM-SPSS 24, and MAXQDA 2018 programs 

were used in the analysis and presentation of the data. 

 

 
Figure 2. Artificial intelligence technologies used in the reviewed articles 
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Results 
 

Descriptive analysis was employed to analyze articles on the use of artificial intelligence in biology education 

according to the AI technologies used. Some articles employed more than one AI technology (Ariely et al., 2023; 

Chaudhri et al., 2013; Ha et al., 2011; Jho & Ha, 2024; Royse et al., 2024; Sripathi et al., 2023; Zhang & VanLehn, 

2016). Therefore, all AI technologies were evaluated separately. As a result, the total number obtained represented 

the total number of AI technologies used (f = 46). The distribution of AI technologies used according to the 

analysis results is shown in the doughnut chart (Figure 2). As shown in Figure 2, "Natural Language Processing 

(NLP)" (f=20; 43%) was the most frequently used AI technology in articles using AI in biology education, 

followed by "Machine Learning (ML)" (f=16; 35%) and "Large Language Models (LLM)" (f=5; 11%). The least 

frequently used AI technologies in these studies were "Natural Language Generation (NLG)" (f=1; 2%) and 

"Generative AI" (f=1; 2%).  

 

In this study, content analysis was used to analyze articles on the use of artificial intelligence in biology education 

according to the AI application used. The AI applications used in 39 articles were listed. In some articles, more 

than one AI application was employed (Aleksandrovich et al., 2024; Ceylan & Karakuş, 2024; Chaudhri et al., 

2013; Chen & Liu, 2024; Cogliano et al., 2022; Koć-Januchta et al., 2020; Koć-Januchta et al., 2022; Peffer et al., 

2020; Zafeiropoulos & Kalles, 2024; Zhang & VanLehn, 2016). Therefore, all AI applications were evaluated 

separately, and the total number obtained represented the total number of AI applications used. The AI 

applications used in the reviewed articles were coded independently by the two authors. A total of 56 codes were 

generated. At this stage, 95% (53 / 53 + 3) agreement was reached between the authors (Miles & Huberman, 

2016).  

 

Table 2. Artificial intelligence applications used in the reviewed articles 

Themes Codes f % 

Chatbots and Question-

Answer Systems 

Educational Chatbots (f =11) 

Question-Answer Technology (f =2) 

Educational Question-Answer Systems (f =1) 

Web-Based Question Compilation (f =1) 

Knowledge-Based Question Generation (f =1) 

16 
28,5

7 

Automated Assessment and 

Feedback 

Automated Assessment Systems (f =9) 

Automated Computer-Scoring Model ACSM) (f =1) 

Constructed-Response Classifier-CRC (f =1) 

Summarization Integrated Development Environment 

(SIDE) (f =1) 

An Online Formative Assessment Tool Called 

"Evograder" (f =1) 

13 
23,2

1 

Basic Artificial Intelligence 

Techniques and Algorithms 

Neural Networks (f =2) 

Data Clustering and Network Analysis (f =2) 

Genetic Algorithms (f =1) 

Text Mining (f =1) 

Computerized Lexical Analysis (f =1) 

Text Classification (f =1) 

Bayesian Structure Learning (f =1) 

9 
16,0

7 

Knowledge-Based Systems 

Knowledge Representation (f =3) 

Knowledge-Acquisition (f =2) 

Knowledge Base (f =2) 

7 
12,5

0 

Learning Analytics and 

Predictive Models 

Learning Analytics (f =2) 

Predictive Learning Analytics (f =1) 

Predictive Modeling (f =1) 

4 7,14 

Image Processing and 

Multimodal Interaction 

Image Recognition Technologies (f =3) 

Multimodal Interaction Design (f =1) 
4 7,14 

Intelligent Tutoring Systems 

and Personalized Learning 

Virtual Tutors (f =1) 

Personalized Assistants (f =1) 
2 3,57 

Educational Games Educational Computer Game (f=1) 1 1,79 

Total 56 100 

 

Similar codes were combined to create themes. The themes were determined as follows: (1) Chatbots and 

Question-Answer Systems, (2) Automated Assessment and Feedback, (3) Basic Artificial Intelligence Techniques 

and Algorithms, (4) Knowledge-Based Systems, (5) Learning Analytics and Predictive Models, (6) Image 
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Processing and Multimodal Interaction, (7) Intelligent Tutoring Systems and Personalized Learning, and (8) 

Educational Games. Expert opinion was consulted to ensure the accuracy and consistency of the codes with the 

themes. The expert was provided with two separate lists: one containing the codes and the other containing the 

themes and was asked to match the codes with the themes. According to the results, the agreement was calculated 

as 96% (54 / 54 + 2) (Miles & Huberman, 2016). For codes and themes where disagreements occurred, agreement 

was reached through discussion. All codes, themes, and their frequencies are presented in Table 2. 

 

An examination of Table 2 reveals that in articles on the use of artificial intelligence in biology education, AI 

applications are clustered under eight themes, each consisting of 28 codes with a total frequency of 56. The theme 

with the highest frequency was "Chatbots and Question-Answer Systems" (f=16), followed by "Automated 

Assessment and Feedback" (f=13), and "Basic Artificial Intelligence Techniques and Algorithms" (f=9). The 

highest-frequency code within the "Chatbots and Question-Answer Systems" theme was "Educational chatbots" 

(f=11). Articles using educational chatbots used platforms such as ChatGPT, Bard/Gemini, BingChat/Microsoft 

Copilot, and YouChat. The code "Automated assessment systems" for the theme "Automated Assessment and 

Feedback" represented articles that did not specifically specify the name of the program used, but simply included 

the general phrase "Automated assessment systems." If a program, such as EvoGrader, was explicitly mentioned, 

the program name itself was used as the code. The theme with the lowest frequency was “Educational Games”, 

represented by only one article. This article discussed the use of a machine learning-based educational computer 

micro-game as a teaching tool (Brom et al., 2011).  

 

Table 3. Outcomes of the reviewed articles 

Themes Codes f % 

Educational Technology & 

Tool Development Outcomes 

Feedback & Smart Guidance (f=8) 

Usability (f=2) 

Smart Microscope Design (f=1) 

Smart Textbook Development (f=1) 

Digital Textbook Use (f=1) 

Textbook Analysis (f=1) 

Creating a Virtual Collection (f=1) 

Creating a Virtual Laboratory (f=1) 

Digital Assistance/Guidance (f=1) 

Visual Analysis/Measurement Automation (f=1) 

Supporting Fieldwork (f=1) 

Modeling Learning Progress (f=1) 

20 
32,7

9 

Cognitive Learning 

Outcomes 

Student success (f=3) 

Knowledge acquisition and retention (f=3) 

Conceptual understanding and changes (f=2) 

Detection of misconceptions (f=1) 

Learning gain (f=1) 

Students' knowledge retention and transfer (f=1) 

Systems thinking skills (f=1) 

12 
19,6

7 

Affective & Motivational 

Outcomes 

Motivation (f=5) 

Student perception (f=2) 

Student engagement and satisfaction (f=1) 

Student attitude (f=1) 

Epistemological beliefs about science-(EBAS) (f=1) 

Feeling and thought analysis (f=1) 

11 
18,0

3 

Teacher & Institutional 

Outcomes 

Teacher Workload & Assessment Quality (f=8) 

Effectiveness & Sustainability of the 

Program/Department (f=2) 

10 
16,3

9 

Metacognitive & Strategic 

Outcomes 

Cognitive load (f=2) 

Cognitive strategy use (f=1) 

Self-regulation (f=1) 

4 6,56 

Assessment & Feedback 

Outcomes 

Assessing Question Answering Performance (f=3) 

Assessing Question Writing Quality (f=1) 

 

4 6,56 

Total 61 100 

 

In this study, content analysis was conducted to analyze articles on the use of artificial intelligence in biology 

education according to their outcomes. The outcomes of these articles were identified and noted. Since some 
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articles aimed at multiple outcomes (Aleksandrovich et al., 2024; Ceylan & Karakuş, 2024; Chen & Liu, 2024; 

Jho & Ha, 2024; Kim & Kim, 2022; Koć‑Januchta et al., 2022; Koć-Januchta et al., 2020; Uhl et al., 2021; Wang, 

et al., 2019; Yin et al., 2024; Zafeiropoulos & Kalles, 2024), all outcomes were evaluated separately. Therefore, 

the total number reached at the end of the analysis represents the total number of outcomes, not the total number 

of articles. All reviewed articles were coded in terms of outcomes by two authors. A total of 61 codes were 

generated. A 98% (60 / 60 + 1) agreement was reached between the authors (Miles & Huberman, 2016). The 

generated codes were grouped among themselves to create themes. The themes were (1) Educational Technology 

and Tool Development Outcomes, (2) Cognitive Learning Outcomes, (3) Affective and Motivational Outcomes, 

(4) Teacher and Institutional Outcomes, (5) Metacognitive and Strategic Outcomes, and (6) Assessment and 

Feedback Outcomes. To validate the code–theme compatibility, expert opinions were obtained from two 

professors working at the faculty of education in a state university. Each expert was provided with separate lists 

of codes and themes and asked to match the codes with the themes so that none remained unmatched. Accordingly, 

the experts' agreement was determined as 97% (59 / 59 + 2) and 98% (60 / 60 + 1), respectively. In the final 

analysis, agreement was reached through discussion for the codes and themes where disagreements occurred. All 

codes, themes, and their frequencies obtained from the analysis are presented in Table 3.   

 

An examination of Table 3 revealed that the outcomes of articles on the use of artificial intelligence in biology 

education were grouped under 6 themes, consisting of 32 codes with a total frequency of 61. The theme with the 

highest frequency was “Educational Technology and Tool Development Outcomes” (f=20), followed by 

“Cognitive Learning Outcomes” (f=12) and “Affective and Motivational Outcomes” (f=11). The themes with the 

lowest frequency were “Metacognitive and Strategic Outcomes” (f=4) and “Assessment and Feedback Outcomes” 

(f=4). The code with the highest frequency within the theme “Educational Technology and Tool Development 

Outcomes” was “Feedback & Intelligent Guidance” (f=8). This code represented articles that used 

platforms/applications that provided instant personalized feedback to students, and articles that guided students 

in using an AI-supported smart microscope that included a physical interaction kit (Ariely et al., 2023, 2024; Jho 

& Ha, 2024; Wang et al., 2019; Yin et al., 2024; Zafeiropoulos & Kalles, 2024). The most frequently observed 

outcomes in the “Cognitive Learning Outcomes” theme were “Student success” (f=3) and “Knowledge acquisition 

and retention” (f=3), while the most common outcome in the “Affective and Motivational Outcomes” theme was 

“Motivation” (f=5). In the theme “Teacher and Institutional Outcomes”, the code with the highest frequency was 

“Teacher Workload & Assessment Quality” (f=8), which represented articles that specifically aimed to reduce 

teacher workload in assessing written responses from large student populations by using AI-based tools (Beggrow 

et al., 2014; Beigman et al., 2017; Ha et al., 2011; Haudek et al., 2012; Jescovitch et al., 2021; Jho & Ha 2024; 

Moharreri et al., 2014; Sripathi et al., 2023). Finally, within the “Assessment and Feedback Outcomes” theme, the 

code “Evaluating Question-Answering Performance” (f=3) represented articles evaluating the scientific question 

answering performance of chatbots such as ChatGPT (Dao & Le, 2023; Elmas et al., 2024; Crowther et al., 2023). 

A descriptive analysis was conducted to determine the distribution of the 39 articles reviewed in this study by 

publication year. Based on the results of this analysis, a column chart was created to show the distribution of the 

articles by publication year (Figure 3). 

 

 
Figure 3. Distribution of reviewed articles by publication year 

2
1 1

2
1 1 1

2

5
4

6

13

0

2

4

6

8

10

12

14

2011 2012 2013 2014 2016 2017 2019 2020 2021 2022 2023 2024



323 

 

J Educ Sci Environ Health 

As shown in Figure 3, the number of articles on the use of artificial intelligence in biology education has steadily 

increased over the years, with a sharp rise observed in 2021.  In particular, 2024 witnessed more than a twofold 

increase compared to the previous year. Therefore, 2024 was the year with the highest number of studies (f=13; 

33.33%). However, no studies were found in 2015 and 2018. A descriptive analysis was conducted to determine 

the distribution of reviewed articles by research methods. Based on the analysis results, a pie chart was created to 

show the distribution of articles by research method (Figure 4). 

 

 
Figure 4. Distribution of reviewed articles by research method 
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Figure 4 shows that quantitative methods were generally used in articles on the use of artificial intelligence in 

biology education (f=29; 74.36%). Mixed research methods were the second most preferred method (f=6; 

15.38%). The least commonly used research method in these studies was qualitative research methods (f=4; 

10.26%). A descriptive analysis was conducted to determine the distribution of the reviewed articles by country. 

Based on the analysis, the countries where the articles were conducted and their frequencies were visualized on a 

world map. On the map, the number of articles conducted in each country was highlighted using different shades 

of color, and the frequencies of articles conducted in each country were also presented descriptively (Figure 5). 

Figure 5 shows that articles on the use of artificial intelligence in biology education were conducted in 13 countries 

(USA, China, Taiwan, Israel, Sweden, Turkey, Czech Republic, Indonesia, South Korea, UK, Kazakhstan, 

Vietnam, and Greece). The country with the most articles was the US (48.72%), followed by China (10.26%) and 

Taiwan (7.69%). 

 

Descriptive statistics were used to determine the distribution of the articles by study group. Brock et al. (2024) 

analyzed textbooks in their study, and therefore, the study group in their article was analyzed as “textbooks.” Dao 

and Le (2023) evaluated the performance of various large language models in answering biology exam questions, 

and the study group in their article was analyzed as “large language model applications (ChatGPT, Microsoft Bing 

Chat, Google Bard).” Crowther et al. (2023) examined the performance differences of chatbots based on large 

language models, and the study group in their article was analyzed as “chatbot versions (ChatGPT, Google Bard, 

YouChat).” Elmas et al. (2024) evaluated the validity of the responses produced by ChatGPT when asked 

scientific questions, and the study group in their article was analyzed as “ChatGPT.” Some articles were found to 

have been conducted on more than one study group (Dao & Le, 2023; Peffer, et al., 2020; Wang et al., 2019; 

Zafeiropoulos & Kalles, 2024). Therefore, all study groups were evaluated separately. Consequently, the total 

number obtained in the analysis represented the total number of study groups. The results of the analysis are 

presented in Table 4. 

 

Table 4. Distribution of reviewed articles by study group 

Study Group f % 

University students 22 47,83 

High school students 6 13,04 

Middle school students 4 8,70 

ChatGPT 3 6,52 

Google Bard 2 4,35 

Faculty members 2 4,35 

Biology graduates 1 2,17 

Teachers 1 2,17 

Textbooks 1 2,17 

YouChat 1 2,17 

Biology experts 1 2,17 

Post-secondary students 1 2,17 

Microsoft Bing Chat 1 2,17 

Total 46 100 

 

An examination of Table 4 revealed that the study group of articles on the use of artificial intelligence in biology 

education was composed primarily of university students (f=22; 47.83%), followed by high school (f=6; 13.04%) 

and middle school students (f=4; 8.70%). Artificial intelligence applications such as ChatGPT, YouChat were also 

considered as study groups and had a significant proportion (f=7; 15.21%). The distribution of articles by the 

number of participants was determined using descriptive statistics through the IBM-SPSS 24 program. In the 

study conducted by Brock et al. (2024), the number of textbooks reviewed was considered as the number of 

participants. Some articles evaluated the question performance of artificial intelligence technologies, so the 

number of questions was considered as the number of participants (Dao & Le, 2023; Elmas, Adiguzel-Ulutas et 

al., 2012). The results of the analysis are presented in Table 5.  

 

Table 5. Data on the number of participants in the reviewed articles 

 N Min. Max. Mean Std. Deviation 

Number of 

participants 
39 5 4937 498,62 1013,78 

 

Table 5 shows that the number of participants in articles on the use of artificial intelligence in biology education 

ranged from a minimum of 5 to a maximum of 4,937. On average, articles on the use of artificial intelligence in 

biology education had 499 participants.  
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Figure 6. Distribution of reviewed articles by subject area 

 

Content analysis was used to analyze articles using AI in biology education according to their subject areas. In an 

Excel table, the subject areas of the 39 reviewed studies were listed. Some articles focused on more than one 

subject area (Ariely et al., 2024; Beigman et al., 2017; Brock et al.2024; Ceylan & Karakuş, 2024; Chaudhri et 

al., 2013; Crowther et al., 2023; Dao & Le, 2023; Elmas et al., 2024; Koć‑Januchta et al., 2020; Koć-Januchta et 

al., 2022; Lin & Ye, 2023). Therefore, all subject areas were evaluated separately. Consequently, the total number 

obtained in the analysis represented the total number of subject areas, not the total number of articles. The subject 

areas in the analyzed articles were coded independently by both authors. A total of 58 codes were generated after 

negotiation. A 98% (57 / 57 + 1) agreement was reached between the authors (Miles & Huberman, 2016). Similar 

codes were grouped to form themes. The themes were organized according to basic topics in biology education. 
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The themes were composed of concepts that best represented the codes. The themes were determined as (1) 

Biology Education and Teaching, (2) Animal Biology, (3) Cell Biology, (4) Evolution, (5) Biochemistry, (6) 

Genetics, (7) Plant Biology, (8) Ecology, and (9) Biodiversity and Classification of Living Organisms. Two 

experts, both professors in the biology education department at a state university, were consulted to ensure that 

the codes accurately represented these themes. The professors were given lists of codes (listed alphabetically) and 

themes (with brief descriptions). They were asked to independently match the codes to the themes. The Miles and 

Huberman (2016) formula was used to determine reliability. Accordingly, the agreement of the experts was 

determined as 98% (57 / 57 + 1) and 95% (55 / 55 + 3), respectively. Agreement was reached on the theme and 

code matching where there was disagreement.  

 

The 58 codes and 9 themes identified as a result of the analysis were transferred to the MAXODA 2018 program. 

After completing the necessary coding, a map was created using MAXMaps. This map was based on the "Code-

Subcode-Departments model." In this model, the themes represented the codes, the codes represented the 

subcodes, and biology education represented the department. All analyzed articles were related to biology 

education. Therefore, inclusiveness was taken into account in the selection of the department name. In the created 

map, each theme and its related codes were shown in a different color. The line widths of all connections in the 

map reflected the frequencies (Figure 6). 

 

Figure 6 shows that studies on the use of artificial intelligence in biology education were grouped under 9 themes 

based on subject area, and these themes consisted of 29 codes with a total frequency of 58. The theme with the 

highest frequency was "Biology Education and Teaching" (f=13), followed by "Animal Biology" (f=10) and "Cell 

Biology" (f=8). In the "Biology Education and Teaching" theme, the codes with the highest frequencies were "To 

do practice," "Measurement and evaluation," and "Material development." In the "Animal Biology" theme, the 

code with the highest frequency was "Physiology." In the "Cell Biology" theme, the code with the highest 

frequency was "Structure and function of organelles." The theme with the lowest frequency was "Biodiversity and 

Classification of Living Organisms," which included two codes with the equal frequencies: "Classification of 

animals" and "Species." 

 

 

Conclusions and Recommendations 
 

In this study, a systematic review was conducted to determine the use of artificial intelligence in biology education 

and related trends. A total of 49 keywords were searched from the Web of Science, SCOPUS, ERIC, and IEEE 

Xplore databases. All articles retrieved from the search were stored in Zotero. Inclusion and exclusion procedures 

were applied based on the initially established criteria, first by title, then by abstract, and finally by full text. The 

entire process was summarized in the PRISMA diagram. 39 articles were included in the systematic review. The 

included articles were analyzed in terms of publication year, research method, country of conduct, study group, 

number of participants, subject area, artificial intelligence technologies used, artificial intelligence applications 

used, and outcomes. 

 

Natural Language Processing (NLP) was found to be the most frequently used AI technology in articles on the 

use of artificial intelligence in biology education, followed by Machine Learning (ML) and Large Language 

Models (LLM). In their study, Salas-Pilco et al. (2022) examined the studies conducted between 2017 and 2021 

on the use of artificial intelligence and learning analytics in teacher education. They reported that ML was the 

most commonly used artificial intelligence technology in the articles they reviewed. The results of this study are 

similar to the results of our study. In a study in which a systematic literature review was conducted on the use of 

artificial intelligence in English language teaching, articles published between 2015 and 2021 were analyzed. The 

analysis revealed that the AI technologies used in the reviewed articles were NLP, data mining, deep learning, 

decision tree, ML, cloud computing and edge computing, support vector machine, expert system, neural network, 

and genetic algorithms (Sharadgah & Sa'di, 2022). The results of this study are similar to the results of the current 

study in terms of the use of NLP and ML. Ouyang et al. (2022) conducted a study aiming to provide an overview 

of AI applications in online higher education. Designed as a systematic literature review, this study included 

studies using artificial intelligence in online higher education between 2011 and 2020. The analysis of the selected 

articles revealed that Decision Tree, Neural Network, Naive Bayes, and Support Vector Machine were the most 

frequently used AI Technologies in these articles. The usage rate of NLP technologies was determined to be 

6.25%. The results of this study contradict the results of the present study. The different context and application 

areas focused on in the study by Ouyang et al. (2022) are considered to have a decisive impact on the types and 

usage rates of the AI technologies used. In studies using AI technologies in biology education, NLG and 

Generative AI are among the least preferred AI technologies. However, the use of Generative AI in educational 

contexts can offer many advantages. Specifically, it allows for the creation of personalized learning systems 
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customized to students' learning styles and individual needs (Holmes et al., 2023). Similarly, GenAI models can 

be effectively used to produce interactive educational materials, enrich learning experiences, and simulate 

educational scenarios (Sengar et al., 2025). Therefore, it was observed that Generative AI technologies are used 

in only a limited number of studies in biology education, indicating a need for further research in this area.  

 

The analysis of articles on the use of artificial intelligence in biology education according to the AI application 

used revealed that the theme with the highest frequency was "Chatbots and Question-Answer Systems," followed 

by "Automated Assessment and Feedback" and "Basic Artificial Intelligence Techniques and Algorithms" within 

the "Chatbots and Question-Answer Systems" theme, the code with the highest-frequency was "Educational 

chatbots." Articles using educational chatbots used platforms such as ChatGPT, Bard/Gemini, 

BingChat/Microsoft Copilot, and YouChat. Research on the use of ChatGPT in teaching and learning indicates 

that it offers numerous advantages, including advanced communication capabilities, versatility, natural language 

processing, performance evaluation, and text generation enhancement. However, the use of ChatGPT in teaching 

and learning also has several disadvantages, including error detection issues, plagiarism and originality concerns, 

privacy and data security risks, dependency, response quality, and bias (Ali et al., 2024). Another study 

investigating the use of ChatGPT in K-12 education similarly emphasized that ChatGPT offers significant 

advantages, such as facilitating educators' roles and responsibilities, creating instructional materials, lesson 

planning, and optimizing student learning experiences through personalized learning, but also drawbacks related 

to ethics, data privacy, and academic dishonesty. Additionally, the use of ChatGPT in K-12 education is 

considered potentially promising (Zhang & Tur, 2024). ChatGPT is seen as an effective AI tool for designing 

units, assessment criteria and exams in the field of science (Cooper, 2023). In a study analyzing articles using AI 

technologies in K-12 education between 2017 and 2022, it was reported that the AI technology applications used 

in the articles included virtual reality devices, machine learning modeling tools, chatbots, AI robots, and smart 

teachers (Martin et al., 2024). The results of this study are similar to the results of the current study. In a systematic 

review of studies on AI use in science education between 2014 and 2023, Almasri (2024) found that AI was used 

in areas such as exam creation, assessment, improving the learning environment, and predicting academic 

performance. 

  

The results of the study conducted by Almasri (2024) are consistent with the themes identified in the current study 

(Chatbots and Question-Answer Systems, Automated Assessment and Feedback, Learning Analytics and 

Predictive Models). Aripin et al. (2024), in their study on the use of artificial intelligence in biology and biology 

learning, identified AI technology models used in biology education as adaptive modeling, experience point data 

modeling, interactive books, smart classrooms, and virtual laboratories. In this context, they indicated that AI in 

biology learning encompasses assessment and evaluation, instructional media, virtual classrooms, enrichment of 

learning, teaching assistance, and learning aids. These categories determined by Aripin et al. (2024) are consistent 

with the themes identified in the current study (Educational Games, Intelligent Tutorial Systems and Personalized 

Learning, Knowledge-Based Systems, Automated Assessment and Feedback). Similarly, in a systematic review of 

studies on AI use in science teaching and learning between 2010 and 2021, it was found that the most frequently 

used AI applications were automated assessment and feedback, predictive modeling, and personalized learning 

(Heeg & Avraamidou, 2023). These categories align with the themes identified in the present study (Automated 

Assessment and Feedback, Learning Analytics and Predictive Models, and Intelligent Tutorial Systems and 

Personalized Learning). 

 

Based on the analysis of articles on the use of artificial intelligence in biology education within the scope of this 

study, the theme with the highest frequency was identified as "Educational Technology and Tool Development 

Outcomes," followed by "Cognitive Learning Outcomes" and "Affective and Motivational Outcomes". The themes 

with the lowest frequency were "Metacognitive and Strategic Outcomes" and "Assessment and Feedback 

Outcomes". The most frequent code under the “Teacher and Institutional Outcomes” theme was “Teacher 

Workload & Assessment Quality,” which included AI technologies used to reduce teacher workload in tasks such 

as reviewing students’ written responses (Beggrow et al., 2014; Beigman, et al., 2017; Ha et al., 2011; Haudek et 

al., 2012; Jescovitch et al., 2021; Jho & Ha, 2024; Moharreri et al., 2014; Sripathi et al., 2023). Teachers can 

increase efficiency and effectiveness in tasks such as grading student assignments and providing feedback through 

the use of AI, which in turn leads to improved teaching quality (Chen et al., 2020). In their systematic review of 

articles on AI use in science teaching and learning, Heeg and Avraamidou (2023) stated that AI applications can 

alleviate the workload of science educators, increase students’ interest in science through personalized learning 

environments, and optimize teaching processes to improve low learning outcomes in science classes. The 

categories identified by Heeg and Avraamidou (2023) are consistent with the themes identified in the current 

study (Teacher and Institutional Outcomes, Affective and Motivational Outcomes, Cognitive Learning Outcomes, 

Educational Technology and Tool Development Outcomes).   

 



328        Duran & Dikmenli 

The number of articles on the use of artificial intelligence in biology education has gradually increased over the 

years, with a particularly sudden rise in 2021, and the highest number of articles was conducted in 2024. Lidiastuti 

et al. (2025) analyzed studies published between 2000 and 2025 through a bibliometric analysis in order to 

investigate the role of artificial intelligence in improving biology education. According to the results of the study, 

the use of artificial intelligence in biology education shows an increasing trend over the years, with the most 

significant increase occurring since 2018. They found that the highest number of articles was conducted in 2023. 

In a study analyzing articles using artificial intelligence technologies in K-12 education between 2017 and 2022, 

it was determined that the use of artificial intelligence technologies in K-12 education increased after 2019, with 

the peak in 2021 (Martin et al., 2024). A systematic review of articles using AI in student assessment from 2010 

to 2020 indicated that the number of articles was higher between 2015 and 2020 (González-Calatayud et al., 2021). 

In a study conducted by Zhai et al. (2021), articles on the use of artificial intelligence in education between 2010 

and 2020 were examined and it was determined that the use of artificial intelligence has increased over the years, 

with the highest number of studies being conducted especially in 2020. Almasri (2024), in a systematic review of 

AI use in science education from 2014 to 2023, similarly found that AI applications in science education increased 

over time, with the peak in 2023. Therefore, the results of the current study were found to be consistent with the 

literature.  

 

In this study, it was determined that quantitative methods were generally used in the articles on the use of artificial 

intelligence in biology education, while qualitative methods were the least used research methods. Similarly, Zhai 

et al. (2021), in their study aiming to examine how artificial intelligence is applied in education and the trends in 

this area, analyzed studies using artificial intelligence in education between 2010 and 2020 and reported that 

quantitative research was predominant in studies on the use of artificial intelligence in education. In a study 

analyzing articles on the use of artificial intelligence technologies in K-12 education between 2017 and 2022, it 

was determined that qualitative methods were generally used in the articles, followed by quantitative methods 

(Martin et al., 2024). The results of the study by Martin et al. (2024) contradict the results of the current study. 

This is thought to be due to the difference in their focus areas. While the current study focused on biology 

education studies, Martin et al. (2024) focused on K-12 education. 

 

In a study examining the articles on the use of artificial intelligence and learning analytics in teacher education 

between in the current study, it was determined that the most articles on the use of artificial intelligence in biology 

education were conducted in the United States, followed by China and Taiwan. Lidiastuti et al. (2025), in their 

bibliometric analysis of AI applications in biology education between 2000 and 2025, similarly reported that the 

highest number of publications was conducted in the United States, followed by China and Germany. In a 

systematic review of articles on the use of AI for student assessment between 2010 and 2020, it was determined 

that most studies were conducted in the United States according to the origins of the article authors (González-

Calatayud et al., 2021). In a study analyzing articles on the use of AI technologies in K-12 education between 

2017 and 2022, it was reported that most studies were conducted in the United States, followed by Korea and 

Brazil (Martin et al., 2024). 2017 and 2021, it was found that most studies were conducted in China, followed by 

the United States, Germany, and Canada (Salas-Pilco et al., 2022). In a study examining the articles on the use of 

artificial intelligence in science, it was determined that the country where the most studies were conducted was 

the United States, followed by Germany (Almasri, 2024). Therefore, the results of the current study were found 

to be consistent with the literature. 

 

It was found that the study group of articles on the use of artificial intelligence in biology education mostly 

consisted of university students, followed by high school and middle school students. In a systematic review 

examining the articles on the use of artificial intelligence in education between 2010 and 2020, it was found that 

the study group in the articles mostly consisted of university students (Zhai et al., 2021). In another systematic 

review examining AI applications in education from 1984 to 2022, it was found that the study group of nearly 

half of the articles consisted of higher education students (Wang et al., 2024). In a study examining the articles 

using artificial intelligence in English language teaching between 2015 and 2021, it was found that the study group 

in the articles were generally higher education students (Sharadgah & Sa'di, 2022). In a study analyzing the articles 

on the use of artificial intelligence technologies in K-12 education between 2017 and 2022, it was determined that 

the study group of the articles consisted mostly of high school students (Martin et al., 2024). In a study examining 

articles on the use of artificial intelligence and learning analytics in teacher education between 2017 and 2021, it 

was determined that the study group of the articles generally consisted of pre-service teachers (PSTs) (Salas-Pilco 

et al., 2022). Almasri (2024), in a systematic review of AI use in science education between 2014 and 2023, found 

that studies were mostly conducted with undergraduate students, followed by high school and middle school 

students. Therefore, the results of the present study are consistent with the existing literature. 

 



329 

 

J Educ Sci Environ Health 

The number of participants in articles on the use of artificial intelligence in biology education was determined to 

be minimum 5 and maximum 4,937. The average number of participants in articles on the use of artificial 

intelligence in biology education was found to be 499. The studies on the use of artificial intelligence in biology 

education were categorized into 9 themes according to their subject areas [(1) Biology Education and Teaching, 

(2) Animal Biology, (3) Cell Biology, (4) Evolution, (5) Biochemistry, (6) Genetics, (7) Plant Biology, (8) 

Ecology and (9) Biodiversity and Classification of Living Organisms]. The theme with the highest frequency was 

"Biology Education and Teaching", followed by the themes "Animal Biology" and "Cell Biology". When 

evaluated according to the main topics included in the works "Campbell Biology" and "Life: The Science of 

Biology", which are accepted as fundamental in biology education and accepted worldwide, it was seen that there 

is insufficient research on the evolutionary history of biological diversity and the models and processes of 

evolution. (Sadava et al., 2014; Urry et al., 2022). 

 

Overall, it can be concluded that the use of artificial intelligence in biology education is becoming increasingly 

widespread; however, not all technologies and applications are being utilized yet, and studies generally focus on 

chatbot and response system applications. The literature lacks sufficient studies on AI-supported educational 

games and simulations in biology education. In this context, it is recommended that the use of AI technologies in 

biology education be expanded through educational games, which are frequently used to motivate students and 

encourage learning, and simulations, which can be developed for various topics in biology education. For instance, 

AI-supported activities can be created to illustrate historical processes and geological periods that people cannot 

directly experience in their daily lives, such as natural selection, adaptation, and evolution. Additionally, mass 

extinction events can be simulated using AI. Researchers aiming to conduct studies on the use of AI in biology 

education are encouraged to address the gaps identified in the literature, specifically focusing on the “evolutionary 

history of biodiversity” and the “models and processes of evolution.” 
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