2.2. Biology: Vibe Coding
Simulations In the Classroom

Predator—Prey Dynamics (Lotka—Volterra
model)

Subject: Biology - Grade: 9 (age 14-15) - Duration: 1 double lesson (90 min) - Al: Learning
WITH Al

Al-related competencies Subject-specific learning objectives - student/learner level

(DUAL.AIL. TEACHer Framework) - teacher

level

AF-TL-2b By the end of the lesson, students can:

(Al foundations and applications x Teaching & « describe the key variables (prey population, predator

Learning, Level 2 - Reflective Implementation): population) and parameters (growth rate, predation rate,
conversion efficiency, mortality rate) of the

“Teachers can organise lesson elements that Lotka-Volterra model:

embed Al use with clear pedagogical roles and e form and test hypotheses about population dynamics

strategies to verify the output elements.” using an interactive simulation;

o extend an existing simulation with additional layers of
ecological complexity (e.g. a carrying capacity, a second

AF-FC-2b species, a seasonal factor) by writing structured prompts
(Al foundations and applications x Facilitating for an Al language model;

Learners’ (Al) Digital Competence, Level 2 -

critically evaluate the model’s assumptions and
Reflective Implementation): limitations (Nature of Science), including why introducing

randomness or an additional factor can destabilise it.
“Teachers can implement guidance that helps

learners developing practical Al skills, adapting
the tasks to learners’ prior knowledge and the
Al tools available.”

44 Take-home message: Students don't need to code from scratch. Reading and
testing an existing simulation, then using an LLM to add one layer of ecological
realism at a time, is enough to build genuine understanding of a dynamic
biological model — and, sooner or later, to discover for themselves exactly
where that model reaches its limits.




Predator—Prey Simulation
Lotka-Volterna Model

| uploaded the simulation.
Please add a slider for the
biotic factor 'food availability’
of the prey population.
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Sure. I'll represent food
availability as the carrying
capacity K and add

the slider.

Fig 1. Image generated with ChatGPT (GPT Image 2), August 27, 2026.

Content

Mathematical models and computer simulations are especially valuable tools in ecology, because
they can express highly complex systems through mathematical equations. This makes it possible
to run experiments in silico and test hypotheses on the model in situations where a real
experiment would be too costly, too slow, ethically difficult, or outright dangerous. Manipulating a
real predator population, for instance, is rarely an option. At the same time, every model is
necessarily a simplification of reality, and this is exactly where its weaknesses lie: real ecosystems
are far more complex than any model can fully capture.

The Lotka-Volterra model is a classic example of such a simplification applied to predator-prey
dynamics. It represents the system using two state variables (the prey and predator population
sizes) and four parameters (the prey’s intrinsic growth rate, the predation-rate coefficient, the
predator’s reproduction rate per prey consumed, and the predator’s mortality rate). Under its
idealized assumptions, the model predicts sustained, periodic oscillations in which changes in the
predator population lag behind those in the prey population. This behavior arises from a feedback
loop: as the prey population increases, more food becomes available to predators, allowing the
predator population to grow. Increased predation then causes the prey population to decline, which
reduces the predators’ food supply and leads to a decline in the predator population. With fewer
predators, the prey population can recover, and the cycle begins again.

To produce this clean cycle, the model makes several strong assumptions. It is deterministic (the
same starting values always produce exactly the same curve); it is a closed two-species system
that excludes every abiotic factor (temperature, precipitation, season) and every other biotic factor
(food plants for the prey, a third species, disease); and it makes each population's growth depend
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on nothing except the size of the other population.

Real populations rarely meet these assumptions. Births, deaths and encounters are subject to
chance, and a stochastic (randomised) version of the same model tends to drift away from the
clean cycle and can even collapse (e.g. the predator population dying out) in cases where the
deterministic version predicts stable oscillation. Likewise, adding just a single missing factor (e.g. a
temperature-dependent growth rate, or a limit on the prey's own food supply) is often enough to
break the clean two-variable cycle. This is not a flaw to hide from students, it is the central Nature-
of-Science lesson of the activity. A model can be genuinely useful, while still being a deliberately
narrow approximation of reality and using it well means knowing exactly which factors it leaves
out. In this lesson's main activity, students discover this for themselves by trying to add exactly
these kinds of factors.

Lesson plan
Pha Ti Activity
se m
e
Intro 8 The teachers shows an unlabelled graph of a real predator-prey data series (e.g. lynx/hare); students
ducti mi describe the pattern and form first hypotheses.
on n

Inpu 12 The teacher introduces the model’s variables and parameters using a simple diagram (no differential
t mi equations needed).

Expl 15 Students test their hypotheses in pairs on a ready-made HTML simulation and record their observations.
orati mi

on n

Ada 35 In pairs, students work through 2-3 rounds of predict - prompt - test —» diagnose (guiding questions
ptati mi below), each time asking the LLM to add one more layer of ecological realism to the simulation (a limit
on n on the prey's food supply, a second species, a seasonal/abiotic factor) until the clean two-variable cycle

visibly breaks down.

Refl 20 Whole-class discussion, guided by questions such as: At which round did the simulation stop producing a
ectio mi clean, repeating cycle? What does the original model deliberately leave out, and why? What makes it a
n n useful simplification rather than simply a wrong one?

Guiding questions: layering complexity

Pairs work through as many of the following rounds as time allows in the 35 minutes (most manage
two; the third is an extension for early finishers). Each round follows the same four-step cycle:

1. Round 1 — limit the prey's food supply (a carrying capacity):

e Predict: Before you start prompting, aks yourself: what do you expect to happen to
the cycle if the prey's growth slows down once the population gets large, instead of
growing without limit? Sketch the curve you expect.

e Prompt: Ask the Al to add a maximum sustainable prey population to the simulation,
and to explain in its own words how it changed the growth equation to do this.



e Test & compare: Run the new simulation with the same starting values as before.
Compare the previous simulation with the new one: how did the variables change?
Why is that?

e Diagnose: Which assumption of the original model (unlimited food for the prey) did
you just remove? Is this factor biotic or abiotic?

2. Round 2 — add another (biotic or abiotic) factor:

Predict: If a third species now competes with the prey for food, or preys on it as well,

or if prey growth now depends on temperature what do you expect this to do to the

original two-species cycle?

e Prompt: Choose another factor and write a prompt asking the Al to add it as a new
variable linked to the existing ones — specify exactly how it should interact with the
prey or predator population.

e Test & compare: Observe the simulation over several cycles. Does the original two-
species rhythm survive, get distorted, or disappear?

e Diagnose: The original model assumed each population depends only on the other. Is
that still true after this round? What real ecological relationship does your new factor

represent.
3. Optional round 3 — introduce randomness:

e Predict: If one parameter (e.g. the predation rate) is no longer fixed but drawn
randomly within a range at each time step, what do you expect for the long-term
stability of the populations?

e Prompt: Ask the Al to replace one constant parameter with a randomised value and
to keep track of whether either population reaches zero.

e Test & compare: Run the simulation several times with the same settings. Do you
get the same result every time? Does either population ever collapse?

e Diagnose: Why can the same “average” parameter values sometimes lead to
extinction here, when the deterministic model never predicted that?

Closing question (for the Reflect phase): At which round did the simulation stop producing a
clean, repeating cycle — and what does that tell you about how many real-world factors the
original Lotka-Volterra model has to leave out in order to stay solvable and easy to interpret?

Materials

e One laptop per student pair, with a browser

e Access to an LLM chat interface via the internet, or a locally installed model if internet
access is restricted at school

e Ready-made HTML predator-prey simulation (single file, sliders for selected parameters)

e A short prompting / worksheet template for the “layering complexity” rounds (predict —»
prompt — test -» diagnose)

e Guiding questions for the exploration phase and the Nature-of-Science reflection (model
purpose vs. model limits)
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