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Abstract 
Biology is one of those subjects that genuinely matters because it helps us understand life itself. From 

how our bodies work to why living things behave the way they do, it builds a foundation that students 

carry with them long after school. That is exactly why the way it is taught matters so much. Some ideas 

in Biology are hard to visualize, you cannot see a cell dividing or a hormone travelling through blood 

stream just by reading about it, that is where things like working models, videos and other hands-on 

tools come in. When students can see something in action, it clicks in a way that words on a page often 

don’t. And now, with AI becoming a bigger part of everyday life, there is a real opportunity to take this 

event further, AI is not just a buzz word, when used thoughtfully, it can make learning more personal, 

interactive and a lot more interesting for students who find it difficult to understand during a traditional 

lesson. Things like gene expression, how we inherit traits or how the endocrine system works, these are 

not exactly easy to picture just by reading a textbook. A lot of students struggle not because they are not 

trying but because there is no way to see what is actually happening inside a cell or a molecule. Regular 

classroom teaching does its job, but it often leaves a gap between the theory on the page and actually 

understanding what it means.This paper looks at how AI tools are starting to change the way Biology is 

taught especially at the secondary and higher secondary school level. Using classroom observations and 

real teaching situations as a base, it explores how things like AI simulations, adaptive learning platforms, 

chatbots and virtual labs can actually help students understand difficult concepts better. What came out 

of this exploration is that when these tools are used alongside proper guided teaching not as replacement, 

students tend to understand more and stay more interested and it makes them remember things for longer. 

The paper also connects this conversation to the bigger picture of sustainable and inclusive education 

and it wraps up with some practical suggestions for teachers who want to bring AI into their science 

classrooms in a way that is responsible and actually works for the students. 

Keywords: AI in education, biology teaching, AI simulations, virtual laboratories, adaptive learning, 

conceptual understanding. 

1. Introduction 

Every biology teacher knows the moment a student stares at a DNA replication diagram, 
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everything labelled correctly, and then looks up and says, “I still don't get how this actually 

happens.” That moment captures something real about the challenges of teaching Biology. The 

subject asks students to understand things they can never directly see –events happening at the 

molecular level, in time frames too fast or too slow to observe, requiring layers of background 

knowledge just to begin making sense of them. Topics like meiosis, protein synthesis, enzyme 

reactions, and nerve signal transmission are not hard just because they have many steps, they 

are hard because students are expected to mentally picture something that is, for all practical 

purposes, invisible. Traditional tools like diagrams, textbooks, chalk and board explanations 

have worked for generations, and they still have value. But there is only so far, a static image 

can take a student before they need something that moves, response, and let's them interact. Over 

the last decade or so digital tools have started feeling that gap. Artificial Intelligence in particular 

has moved out of research labs and into classrooms. Today, AI powered platforms can adjust 

content based on how a student is doing, run interactive simulations answer questions in plain 

language, and show biological events in ways a classroom simply cannot replicate. That is a 

meaningful shift, and its worth examination carefully. This paper tries to do exactly that– look 

at how AI tools are being used to teach biology, specifically for topics like Gene expression, cell 

division, and Human Physiology. The argument here is not that AI should replace teachers it's 

that AI used with a clear purpose, can be a genuinely useful partner in the classroom. 

2. Objectives of the Study 

The following goals shaped this paper: 

1. To go deep into the specific mental roadblocks students hit when trying to learn complex 

biological processes and to see how this struggles stem from the limits of traditional 

teaching methods. 

2. To look at the AI tools currently out there for biology education, paying special attention 

to how they are designed for learning and their ability to build deeper understanding. 

3.Literature Review 

The link between technology and teaching is nothing new. For a long time, researchers have 

made the case that we learn best when the process is active, contextual and social. Constructivist 

thinkers, building of the classical work of Piaget, Vygotsky have constantly stressed that 

students do not just passively absorb information, they actively construct knowledge by 

interacting with the world around them. This theory is huge for how we view classroom 

technology and it helps explain why AI tools show so much promise in fields like biology. 
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Early research into technology- enhanced learning leaned heavily into multimedia. Mayer’s 

cognitive theory of multimedia learning showed that students pick things up much better when 

information uses both words and images at the same time, especially when they are well-sinked. 

This laid the groundwork for the interactive simulations and virtual environments we now see 

in science classes. Studies from the early 2000s even prove that students using computer 

simulations to learn biology concepts like genetics or cell division routinely scored better than 

those who just read textbooks, particularly when tested on actual understanding rather than just 

memorizing facts. 

As AI technology grew more sophisticated, researchers started looking at how it could be used 

directly in schools. For the past 10 years, there has been a lot of focus on adaptive learning 

systems, which use machine learning to monitor how a student is doing and tweak the content 

to match. Vanlehn and his team looked into intelligent tutoring systems and found something 

pretty amazing–students using AI tutors performed about as well as those working with human 

tutors one-on-one, this caught a lot of attention in the education technology world. More recent 

studies have applied this to science education, and the results are looking really good. 

When it comes to biology, research shows that AI-generated visuals are incredibly effective for 

molecular and cellular topics. For instance, students exploring protein synthesis with interactive 

3D model end up with a much stronger grasp of the concept compared to those looking at 

standard diagrams. Virtual dissections and AI lab simulations also help reduce mental overload 

while keeping students engage especially those who might feel stressed out in a traditional lab. 

This is a huge deal for schools that do not have great lab facilities which is pretty common in 

India and other developing countries. 

Research into AI chatbots in schools is newer but catching up fast. Studies indicate that AI 

conversational agents work great as on-demand tutors. They give quick, personalised answers, 

which takes away the pressure of raising a hand to ask the teacher. This is a lifesaver in packed 

classrooms where one-on-one time is scarce. For biology students drowning in heavy 

terminology and feeling too shy to ask “basic” questions, having a totally non-judgmental AI 

to talk to can be incredibly liberating. 

People are also talking about AI in the context of experiential and inquiry- based learning. 

Researchers looking at Kolb’s experiential learning cycle argue that AI simulations act as a 

great stand-in for real-life experience. They let students’ “experiment” with biological systems 

that would otherwise be out of reach. If a student can tweak the substrate concentration in a 
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virtual enzyme lab and instantly see the reaction rate change, that’s a level of active learning 

one just cannot get from reading a textbook chapter. 

That said, researcher definitely has some warnings. Many experts point out that educational 

technology only works if you use it right. If you just throw tools at students without a clear 

teaching goals, teacher guidance or support for kids with different tech backgrounds, it won’t 

lead to real learning. The digital divide is still a massive issue, especially when you cannot 

guarantee that every kid has a device or good internet. We have kept these concerns in mind for 

the recommendations later in this paper. 

4.Research Methodology 

This paper uses a qualitative and descriptive approach blending classroom observations, 

teaching scenarios, and a solid review of existing research. The methodology leans heavily on 

experience. This means we are pulling insights from actual teaching situations rather than just 

relying on strict, controlled lab experiments. 

We gathered data in three main ways. First, classroom observations during actual teaching gave 

us real-time evidence of how students handle biology content under different teaching styles. 

We specifically looked at those moments when students get confused and noted which strategies 

actually helped clear things up. Second, we built hypothetical teaching scenarios to see how 

specific AI Tools could be used in a biology class for topics like cell division and gene 

expression. These scenarios were grounded in everyday classroom realities and based on the 

AI platforms available today. Third, we did a systematic review of published research on AI in 

science education to build the analytical framework for the whole paper. 

The angle here is intentionally practical, not just theoretical. The goal is to give working 

teachers and educators insights they can actually use, rather than trying to prove casual claims 

that would require a rigid experimental setup. For a field that is evolving this swiftly, we believe 

that this kind of reflective, practice-based inquiry makes the most sense right now. 

5.Discussion and Analysis 

5.1Teaching gene expression by using AI tools 

If we ask almost any biology teacher, they will tell us that gene expression is genuinely tough 

to teach well. The central dogma of molecular biology, which is a concept that genetic 

information flows from DNA to RNA and then to protein, sounds beautifully simple as a 

summary but the actual nuts and bolts of transcription and translation involve a huge amount of 

molecular players, spatial dynamics, and strict sequences. In class, we can see that students 



 International Journal of Dynamic Educational Research Society April – June -2026 

                                                                                                                                            ISSN 2584-041X(P)  
                                                                                                                                            ISSN 3048-7730(E)  

                                                                                                                                         VOL.07 ISSUE 02 

162 
 
 
 
 

perfectly copy the sequence of events into a test paper without actually having any feel or 

interest for what is going on. 

AI-powered 3D visualization tools completely change the game here. Platforms like Labster 

and other virtual labs let students actually watch transcription at the molecular level. They can 

see RNA Polymerase sliding down through the DNA template and building a matching mRNA 

sequence. They can pause it, spin the 3D model sound, zoom in on specific bonds and rewind 

parts they did not catch. That kind of interactive learning is very different than a teacher drawing 

arrows on a whiteboard, and research backs up that students remember and learn way more 

from it. 

A common issue for teachers is when students mix up the coding strands and the template of 

DNA during transcription. In a normal classroom, clearing this up takes a lot of repetitive 

explaining. With an AI simulation, a student watches the template strand being read and the 

mRNA being built in real time, making the difference incredibly obvious. AI chatbots are super 

helpful here, too. If a student asks to the chatbot why mRNA is complementary to the template 

strand instead of an exact copy, the bot can give an answer which will match to the student’s 

current level, it can ask questions to make sure they get it, and also help pointing them to a 

specific part of the simulation, if required. It is almost impossible for a teacher to give that kind 

of custom support to all the students in the classroom at once. 

5.2 Cell Division: Making the invisible visible 

Mitosis and meiosis are some of the most visual processes in biology but it is problematic to 

teach with flat, static diagrams. The phases of mitosis- Prophase, Metaphase, Anaphase and 

Telophase have a natural flow that makes way more sense when you see them moving. Students 

frequently struggle to grasp why spindle fibers form or why chromosomes line up. It is not that 

they cannot memories the vocabulary, they just do not have a gut feeling for why things happen 

in that specific order. 

AI animations and simulations tackle this problem head-on. There are plenty of free platforms 

that let students watch cell division at different speeds, highlights specific parts during each 

phase, and interact by answering questions right inside the simulation. When a student can slow 

down anaphase and watch the chromosomes pull apart as the spindle fibers shrink, the 

mechanics of it finally click. This builds deeper understanding because they actually have a 

visual memory to tie their knowledge to, which a basic diagram or a drawing on the board just 

cannot offer. 
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In practice, we will often see confusing between meiosis I and meiosis II especially when it 

comes to figuring out when homologous chromosomes separate versus when sister chromatids 

separate. Adaptive AI platforms are perfect for catching these mistakes because they track 

patterns in a student’s answer and can also offer specific help. If a students keeps picking the 

wrong phase for homologue separate, the AI can guide them to another mini lesson on that exact 

topic, complete with custom visuals and practice questions to lock in the right answer. 

5.3 Human Physiology and System-level Understanding 

Physiology brings a totally different teaching challenge to the table. While molecular biology 

is a bit hard, physiology is harder because it is incredibly interconnected. Students have to 

understand how multiple organ system works together to keep the body balanced. The heart, 

the hormones, and the brain do not work in isolation they are constantly talking to each other 

and adapting. Grasping this enormously large-scale coordination is genuinely tough and 

reading separate textbook chapters on each system will not always help students connect the 

dots. 

AI tools bring some very good options here. Adaptive platforms that teach physiology as an 

integrated system rather than just going organ by organ help students see the whole picture. 

Interactive body maps are an excellent example. A student can click around and see how 

tweaking one system causes the domino effect in the others. When they realize and see that 

spiking virtual blood sugar causes the pancreas to release insulin, which then hits multiple 

tissues all at once, they are learning physiology as a live dynamic network rather than just 

memorizing. 

5.4 Molecular Biology and AI-generated Visualisations 

Things like enzyme kinetics, receptor-ligand binding and signal transduction pathways are 

usually introduced in colleges and might be a bit difficult for some students at school level. 

They are not just abstract; they are heavily math’s-based. Students have to juggle the mechanics 

of what is happening, read graphs and do the math all at the same time. AI tools that visualize 

these processes and instantly link them to real-time data give students a massive advantage. If 

we take an example of an enzyme kinetics simulation- a student changes the substrate 

concentration and watches the reaction rate shift, while a Michaelis-Menten curve updates live 

on the screen. This gives them a hands-on feel for the concept that is difficult to grasp just from 

looking at a graph. AI platforms that create these interactive visuals and give instant feedback 

are a completely new set of teaching tools. Students almost always struggle to understand what 
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the Km value actually means in real-life, that is exactly the kind of conceptual hurdle where an 

AI shines. It can instantly pull up a diagram, a graph, a text explanation, and a real-world 

analogy all at once to answer a single question. 

6.Findings 

Looking at the analysis, a few major takeaways jump out: 

● AI tools shine the brightest in biology when they are used to fix specific, well-known 

roadblocks, rather than just being thrown in as a general tech upgrade. Using targeted 

simulations for things like cell division or gene expression works way better than just 

bringing technology into the room without a strict pedagogical reason. 

● Students are noticeably more engaged when AI is part of the lesson especially when 

learning about microscopic stuff they cannot actually see. This kind of interactive and 

responsive feel of AI holds their attention much better than static reading material and 

that extra focus seems to translate directly into better retention of the concepts. 

● AI chatbots and adaptive platforms solve a huge lingering problem in biology classes: 

the need of personalized, instant help. In a big class, a single teacher literally cannot 

give attention to every single student and unable to provide deep customised 

explanations they need for interconnected topics. AI steps into this gap beautifully as 

long as it is designed well and woven into the lesson properly. 

● AI is only as good as the teacher guiding it. If students are left alone with the AI 

simulations, they will not nearly learn as much as when teachers actively set up the 

activity, ask guiding questions and help tie the virtual lab back to the big picture. This 

just proves that AI is an excellent teaching partner, not a substitute for a good teacher. 

7.Conclusion 

Teaching tough biological concepts has always demanded creativity, patience and a drive to 

make the invisible visible. AI does not magically make the job easy, but it definitely hands 

teachers a brand-new set of tools to get it done. When a student can actually watch something 

like transcription happening in front of their eyes, play around with varials in a virtual enzyme 

lab, or trace a hormone’s impact across multiple organs, their whole perspective towards the 

subject shifts. Biology stops being a list of vocabulary words to memorise and starts feeling like 

a series of real, understandable processes. 

This paper strongly pushes for a mindful guided approach to using AI in biology. All the 

evidence shows that AI works best when there is a clear purpose behind it, when knowledgeable 



 International Journal of Dynamic Educational Research Society April – June -2026 

                                                                                                                                            ISSN 2584-041X(P)  
                                                                                                                                            ISSN 3048-7730(E)  

                                                                                                                                         VOL.07 ISSUE 02 

165 
 
 
 
 

teachers are there to help students process what they are seeing, and when the tools are picked 

to hit specific learning goals. AI does not let teachers completely off the hook but it requires 

them to be even more thoughtful and skilled at what they do. 

8.Suggestions and Recommendations 

For teachers looking to bring AI into their biology classes, here are a few practical tips: 

● We should always start small with topics that students generally struggle with, like 

meiosis, gene expression or enzyme kinetics instead of trying to use AI for every single 

lesson. 

● Pick AI tools that are actually built for teaching. We should always be in a lookout for 

platforms which has built-in questions, helpful feedback, and actual interaction, not 

passive videos. 

● We should always be realistic about the digital divide. Not every student has a laptop or 

great Wi-Fi, and teachers need a back-up plan: If individual devices are scarce, running 

a simulation on a projector for the whole class is still a huge win. 

● Always put time into teacher training. Using AI well means teachers need digital skills 

on top of their teaching skills. Professional development that helps teachers pick and use 

AI tools should be on the top of the list. 

● Things like data privacy, AI bias, AI hallucinations and how it fits into grading are big 

deals. Teachers need to stay informed and treat these issues seriously rather than just 

blindly trusting the technology. 
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