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Sample Answer Key for Photosynthesis Level 9-12 

ELC-4047 

 

Level 1 

Card 1 

•  Sunlight and leaves: Draw the sun shining light onto green leaves, using bright yellow rays to 

show the energy coming in. This illustrates that the plant uses sunlight as a key ingredient for 

making food. 

•  Water and roots: Include images of roots absorbing water from the soil (maybe blue arrows 

from ground to the plant). This shows that water from the ground travels up into the plant to be 

used in photosynthesis. 

•  Carbon dioxide and air: Show the leaf taking in air with carbon dioxide – for example, draw 

arrows or bubbles labeled "CO₂" going into the leaf. This emphasizes that the plant needs a gas 

from the air to make its food. 

•  Sugar and oxygen outputs: Depict the leaf producing something – perhaps little sugar cubes 

or fruit to represent plant food (glucose), and arrows or bubbles labeled "O₂" going out of the 

leaves. Use green or another color to indicate the new food, and maybe a different color (like 

clear or white) for oxygen. This visual shows that the plant’s food is created and oxygen is 

released for us to breathe. 

•  Overall layout: Arrows can connect these components in order (sunlight + water + CO₂ → 

sugar + O₂) to clearly sequence the process. Colors (yellow for sunlight, blue for water, green 

for leaves) can make it easy to follow. The poster as a whole would demonstrate the cycle of 

how a plant makes energy for itself and oxygen for others, using only nature’s inputs. 

Card 2 

•  Key terms in lyrics: A good song would use important words like sunlight, water, carbon 

dioxide, oxygen, and glucose. For example, a rhyme might include lines about leaves taking in 

carbon dioxide and water, using sunlight to make sugar, and letting oxygen out. Including 

chlorophyll (the green pigment in leaves) in the lyrics can also highlight how plants capture 

sunlight. These terms ensure the song covers all parts of photosynthesis. 

•  Example lyric idea: “Sunlight in the leaves, making energy so sweet; water from the ground, 

helping make the plant food to eat. CO₂ comes in, O₂ goes out – that’s what photosynthesis is all 

about!” This kind of simple rhyme covers the process in a memorable way. 
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•  Memory through melody: Putting facts to a catchy tune or rhythm makes them easier to 

remember. The melody and repetition act like a memory trick – when students hum the song, 

they recall the science. For instance, a upbeat chorus about “sunlight to sugar, the plant’s 

cooking up food” can help students recall that sunlight turns into plant food. Music engages 

auditory learning and makes learning fun, so key concepts stick in students’ minds through the 

song’s catchy repetition. 

Card 3 

•  Experiment setup: One approach is to take two identical plants (or two leaves on the same 

plant). Cover one leaf with black paper or foil so it gets no sunlight, and leave the other leaf 

uncovered. Alternatively, place one whole plant in a dark room and keep another similar plant 

in sunlight. Over a week, observe any changes. 

•  Predicted observations (leaf cover): The leaf that is covered will likely lose its green color 

or look paler over time because it can’t perform photosynthesis under the cover. Without light, 

that covered spot won’t produce sugar or starch, which normally keep the leaf healthy. In classic 

experiments, scientists showed that the covered part of a leaf has no starch because no 

photosynthesis happened there (students might not test starch directly, but they would notice the 

covered area doesn’t thrive). 

•  Predicted observations (whole plant): The plant kept in the dark will grow weak, yellow, or 

stunted. It may stop growing new leaves and existing leaves might wilt or yellow, because the 

plant used up stored energy and couldn’t make more food without light. The plant in sunlight, 

meanwhile, should stay green and healthy, since it continues to photosynthesize and make food. 

•  Explanation: These results happen because sunlight is essential for photosynthesis. Without 

light, the plant can’t convert water and carbon dioxide into sugar. The covered leaf doesn’t get 

light, so it can’t make food (starch) and thus it starts to deteriorate. The contrast between the two 

plants or leaves would demonstrate that a plant needs sunlight to stay healthy and produce its 

food. 

Card 4 

•  Calculation: If one tree supplies ~4 people with oxygen for a day, for 20 people you would 

need about 5 trees, because 20 ÷ 4 = 5. (In general, for every 4 people you need 1 tree supplying 

oxygen. So for 20 people, 20/4 = 5 trees.) This simple division shows the scale: a small number 

of people need multiple trees. 

•  Explanation of result: The math tells us that we rely on many plants to produce the oxygen 

we breathe. For an entire class of 20 students, roughly five big trees would be working all day to 

supply oxygen! This highlights why forests (with thousands of trees) are so important – they act 

as Earth’s lungs, making oxygen for all living things. 
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•  Extended insight: You could also extend the math: if one tree’s daily oxygen output is for 4 

people, then for 20 people over one day it’s 5 trees, or for a week (7 days) you’d need 35 “tree-

days.” While the exact numbers can vary by tree size, the key idea is that the more people (or 

animals) we have, the more plants we need producing oxygen and food. It shows in numerical 

terms how plants and humans depend on each other, and why planting trees and having plenty 

of green plants is crucial for a healthy environment. 

Card 5 

•  Morning – collecting sunlight: “Dear Diary, today the sun came up and I turned toward its 

warm rays. My chlorophyll woke up with the light! I started drinking in sunlight like it was 

breakfast.” The leaf would describe using sunlight to kick off photosynthesis, perhaps feeling 

energy when the sun hits. It might mention that early morning light allows it to start making 

sugar (its “work” for the day). 

•  During the day – making food: “All day I mix water from my roots and carbon dioxide from 

the air to cook up sugar.” The leaf can explain that it takes water from the tree’s roots and 

carbon dioxide from the air. In its “leaf kitchen,” it uses sunlight energy to turn those into 

glucose (sugar), which feeds the plant. The diary might say it’s like the leaf is a chef cooking 

food for the whole plant. The leaf could express pride that it’s creating nourishment. 

•  Releasing oxygen – helping others: “As I made food, I also puffed out oxygen. I heard a little 

caterpillar nearby take a breath of the fresh air I helped make!” The leaf might describe 

releasing oxygen as a happy or refreshing part of the job, knowing that animals (like the 

caterpillar or even humans) can breathe because of it. The leaf could feel like an important helper 

to other creatures. 

•  Evening – sun goes down: “By sunset, I’ve made plenty of food for my tree. As it gets dark, I 

slow down and rest.” The leaf might note that without sun at night, photosynthesis pauses. It 

might feel tired but satisfied that it filled the tree’s “pantry” with food (sugars stored) during the 

day. It could end by looking forward to tomorrow’s sunshine. 

•  Reflections on importance: Throughout the entry, the leaf’s tone can be proud or caring: “It 

feels good to know that my work feeds my tree and gives oxygen to the world. Even though I’m 

just one leaf, I’m helping my whole tree grow and giving breathable air to my animal friends. 

What a day!” This shows an understanding that photosynthesis is vital for the plant’s growth and 

for other living beings. 
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Card 6 

•  oseph Priestley’s discovery (1771): Priestley was an English scientist who ran a famous 

experiment with a candle, a mouse, and a mint plant. He found that a plant can “purify” the air 

in a closed jar that a burning candle or breathing animal had made “bad.” In his experiment, a 

candle went out in a sealed jar (using up oxygen), and a mouse would suffocate in that bad air. 

But when he placed a mint plant in the jar and let it grow for several days, the air was restored 

enough that a new candle could burn and the mouse could survive. Priestley had discovered that 

plants produce something (later known to be oxygen) that refreshes the air for animals. This was 

the first clue that plants make a vital substance for breathing. 

•  Jan Ingenhousz’s discovery (1779): Ingenhousz, a Dutch scientist, built on Priestley’s 

findings. He showed that light is necessary for plants to purify air. Ingenhousz did experiments 

by putting plants in clear containers underwater and observing bubbles. He noticed that a plant in 

the sunlight gave off lots of tiny bubbles (which we now know were oxygen). But when the 

plant was moved to the dark, the bubbles stopped. He also saw that only the green parts of the 

plant (like green leaves) produced the bubbles. From this, he concluded that plants only make 

oxygen (restore air) in sunlight and that green leaves are required for the process. This was 

essentially the discovery of photosynthesis: light + green plants produce oxygen. 

•  How these discoveries matter: Together, Priestley and Ingenhousz showed that plants are 

doing something critical – they take in “bad” air (carbon dioxide, though they didn’t know the 

gas names then) and release good air (oxygen) through a process that needs light. These 

historical experiments helped people understand that photosynthesis is how plants make food 

and oxygen, which is essential for animal and human life. It connected biology and chemistry in 

a new way and explained why having plants is necessary for healthy air. Today, we appreciate 

that their discoveries were early steps toward the full science of photosynthesis, illustrating the 

importance of experimentation and observation in science history. 

Card 7 

•  Similarity – capturing sunlight: Both plants and solar panels absorb sunlight energy and 

convert it into a different form of energy. A green leaf’s chlorophyll absorbs sunlight and uses 

that energy to build sugar molecules (chemical energy for the plant). A solar panel (with 

photovoltaic cells) also takes in sunlight and converts that energy into electricity. In essence, 

both are solar energy converters – they start with the same source (the sun) to produce 

something useful (food or electricity). 

•  Difference – form of energy produced: Plants convert sunlight into chemical energy 

(stored in glucose sugar). This is a fuel that living things can use – the plant uses the sugar to 

grow, and animals (or humans) can eat the plant to get energy. Solar panels, on the other hand, 

convert sunlight into electrical energy. Solar panels produce a flow of electrons (electricity) that 

can power machines, but they don’t create food or oxygen. Another difference is that 

photosynthesis also uses raw materials (water and carbon dioxide) and yields oxygen as a by-

product, whereas solar panels just use light – they don’t “inhale” CO₂ or “exhale” O₂. 
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•  Difference – living vs. man-made: A smaller point is that a leaf is part of a living organism 

and self-regenerating, while a solar panel is a human-made device. For example, if a leaf gets 

damaged, the plant can grow a new one (using the energy from photosynthesis), whereas a 

broken solar panel has to be fixed by people. Also, solar panels work whenever there is light 

(even on some level in cloudy light), whereas plants need specific conditions (enough light, CO₂, 

water) and only perform photosynthesis in light but respire all the time. 

•  Conclusion: Both systems show how sunlight can be harnessed. The leaf feeds the living 

world by turning sunlight into food and oxygen, while the solar panel helps our technology by 

turning sunlight into electricity. Comparing them helps students understand that the idea of 

capturing energy from the sun is used in both biology and technology, though in different ways. 

Card 8 

•  Oxygen depletion: Without photosynthesis, plants would no longer release oxygen. That 

means the oxygen in our atmosphere would slowly get used up (by animals breathing, fires, 

decomposition, etc.) and not replaced. Eventually, there wouldn’t be enough oxygen for humans 

and animals to breathe. Life as we know it would suffocate because oxygen-dependent 

creatures couldn’t survive once the O₂ runs out. (It wouldn’t happen in just a day, but over time 

the air would become unbreathable.) This highlights that we rely on plants to constantly 

replenish the oxygen in the air. 

•  No food at the base of the food chain: If plants can’t photosynthesize, they can’t make 

sugars or grow. Plants would eventually die off without food. Then all the herbivores (plant-

eating animals) would have nothing to eat and would also starve. Following that, carnivores 

(meat-eating animals) would run out of prey. In short, the entire food chain collapses. Virtually 

every living thing depends on the energy that plants produce (either by eating plants or eating 

animals that ate plants), so without photosynthesis, nearly all life would perish. 

•  Other impacts: Carbon dioxide would build up in the air (since plants normally take CO₂ out 

of the atmosphere). This could make the planet much hotter over time (runaway greenhouse 

effect), but long before that, the lack of oxygen and food would be the more immediate crisis. 

The climate and ecosystems would change drastically without plants – soils would erode without 

plant roots, and water cycles would be disrupted. 

•  Why photosynthesis is essential: This thought experiment shows that photosynthesis is truly 

the foundation of life on Earth. It produces the oxygen we need to breathe and the food energy 

that every organism needs to survive. Without it, Earth would be a lifeless planet. So, 

photosynthesis isn’t just a plant process – it’s a life-support process for the whole world, which 

is why preserving plants and ecosystems is so important for the future of all living things. 
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Level 2 

Card 1 

•  Without photosynthesis, plants couldn’t make food (sugars) for themselves and would 

eventually die, removing the base of most food chains. 

•  If plants die, animals that eat plants would have nothing to eat, and predators would also 

run out of food – this would cause a collapse of ecosystems and widespread starvation. 

•  Oxygen levels would drop since plants wouldn’t release oxygen anymore, making it difficult 

for animals (including humans) to breathe. 

•  Humans would lose important crops and foods, and many other organisms would perish. 

This shows that photosynthesis is essential for providing food and oxygen, making life on Earth 

possible. 

Card 2 

•  Desert cactus adaptations: Cacti often have thick, fleshy stems that store water and very 

small or no leaves (to prevent water loss). Many cacti do photosynthesis in their green stems. 

They have wide-spreading roots to quickly soak up rainwater and spines that provide shade and 

protect them from animals. 

•  Rainforest plant adaptations: Rainforest plants usually have large, broad leaves to catch the 

limited sunlight under the canopy. Their leaves often have drip tips to shed excess water from 

heavy rain. These plants may have shallow roots to quickly absorb nutrients from the topsoil, 

and some have special roots (like buttress roots) for support in thin soil. 

•  Similarities: Both plants need sunlight and water for photosynthesis and have chlorophyll to 

make food. They are green and rely on the same process to produce energy. 

•  Differences: Desert plants focus on water storage and conservation (thick stems, few 

leaves), while rainforest plants focus on maximizing light capture (huge leaves) and dealing 

with lots of water. Each plant’s leaf size, root system, and other features are adapted to its 

environment, but both adaptations serve to help the plant photosynthesize and survive. 

Card 3 

•  Setup: Use two groups of the same kind of plant. Give one group plenty of light each day 

(e.g. near a sunny window or under a lamp) and keep the other group in low light or partial 

darkness. Keep all other conditions the same (same type of plant, soil, water, etc.) so the 

experiment is fair and light is the only difference. 
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•  Measurements: Observe and measure the plants’ growth over time. For example, measure 

their height with a ruler every few days, count the number of new leaves, or note the color of the 

leaves (healthy green vs. pale). Recording data in a table would help keep track of results. 

•  Predictions: The plants in bright light will likely grow faster or fuller – they might have 

greener leaves, more leaves, or be sturdier because they can photosynthesize more. The plants in 

low light will likely grow slower; they might become tall and thin (stretching toward any light 

source) or have yellowish leaves due to less photosynthesis. 

•  Results & Presentation: After a few weeks, compare the two groups. You could show the 

results in a simple bar graph or line graph – for instance, a graph of plant height over time for 

each group, or total number of leaves. This visual would make it clear that the well-lit plants 

grew better. The data would support the idea that more light leads to more photosynthesis and 

thus healthier growth. 

Card 4 

•  Trees absorb CO₂: When trees perform photosynthesis, they take in carbon dioxide from 

the air and use it to make food (sugars), storing the carbon in their wood, roots, and leaves. In 

the process, they release oxygen back into the air. 

•  More trees = less CO₂: Planting more trees means more CO₂ is pulled out of the 

atmosphere. For example, if one mature tree can absorb about X pounds of CO₂ in a year, then 

100 trees could absorb about 100 × X pounds in a year. (Teachers might expect students to 

illustrate this with an example number, like one tree ~48 pounds CO₂/year, so 100 trees ~4,800 

pounds/year.) This shows how math helps quantify the impact. 

•  Climate benefits: Carbon dioxide is a greenhouse gas that traps heat. By removing CO₂ from 

the air, widespread photosynthesis can help slow down the greenhouse effect, reducing global 

warming. In other words, more trees can help balance the climate by lowering CO₂ levels. 

•  Better environment for people: More photosynthesis means more oxygen for us to breathe 

and often cooler, shaded areas (trees can lower local temperatures and provide shade). Planting 

trees can also prevent soil erosion and provide habitats for animals. Overall, using 

photosynthesis as a tool (through planting trees) can improve air quality and make the 

environment healthier for communities. 

Card 5 

•  Students might suggest writing a catchy song or rap that lists the ingredients of 

photosynthesis (sunlight, water, carbon dioxide) and the outcomes (sugar/food and oxygen). The 

song could have a chorus about the plant “making its own food.” This musical approach can help 

listeners memorize the steps through rhythm and rhyme. 
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•  They might describe drawing a comic or cartoon where the sun, water, and carbon dioxide 

are characters. For example, in the comic a sunbeam might high-five a leaf, and inside the leaf 

“factory,” workers mix water and CO₂ to produce sugar and oxygen balloons. This visual 

storytelling makes the process more understandable and fun. 

•  Another idea is performing a short play or dance: one student could act as the sun (shining 

light), others as water or CO₂ molecules entering the plant, and another as the plant releasing 

oxygen (maybe with blue streamers for oxygen). A narrator (or the plant itself) could explain 

what’s happening. This kinesthetic approach engages the body and senses to illustrate the 

concept. 

•  Why art and music help: Using art, music, or movement makes learning interactive and 

memorable. A song or drawing can simplify complex ideas and stick in people’s minds. It helps 

because not everyone learns best from just reading facts – seeing a picture, hearing a fun song, or 

acting it out can make the science of photosynthesis easier to understand and remember for both 

kids and adults. 

Card 6 

•  Every food links to plants: Almost any food can be traced back to a plant. For instance, if a 

student had a turkey sandwich, the bread came from wheat (a plant that grew via 

photosynthesis), the lettuce and tomato are plants, and the turkey ate corn or grain which also 

came from photosynthesis. 

•  Example (cheese pizza): The crust is made from flour that came from wheat plants 

(photosynthesis enabled the wheat to grow). The tomato sauce came from tomatoes (a plant) that 

needed sunlight to grow. The cheese came from milk, which was produced by a cow that ate 

grass or feed (plants) grown by photosynthesis. Without photosynthesis, none of those 

ingredients would exist. 

•  Energy flow: This shows that the energy in our food originates from the sun. Plants capture 

sunlight and turn it into chemical energy (food); then animals either eat those plants or eat other 

animals that have eaten plants. 

•  People rely on photosynthesis: Even if we eat mostly meat or processed foods, the animals 

and ingredients ultimately got their energy from plants. So, people and all animals are 

indirectly solar-powered by plants. Without plants doing photosynthesis, we would have no 

crops, no fruits, no vegetables, and even no meat or dairy, because the animals would have 

nothing to eat. It demonstrates that photosynthesis is the first step in almost every food chain, 

including the ones that feed us. 

Card 7 

•  Nutrient-poor soil: Carnivorous plants often live in places like bogs or swamps where the soil 

doesn’t have many nutrients (important plant “vitamins” and minerals, such as nitrogen). 



Photosynthesis Level 9-12 

© 2026 ETC Montessori   9 

•  Photosynthesis vs. nutrients: Photosynthesis gives the plant sugar (energy) from sunlight, 

but it doesn’t provide minerals like nitrogen or phosphorus. Most plants normally get those 

from rich soil. In nutrient-poor soil, the plant needs another source. 

•  Eating insects for nutrients: By catching and digesting insects, the Venus flytrap or pitcher 

plant can absorb nutrients from the bugs (for example, nitrogen from their bodies). The insects 

are essentially like a fertilizer or a nutrient supplement for the plant. 

•  They still do photosynthesis: The plant might say, “I make my own food with sunlight like 

other plants, but I eat insects as a snack to get the extra nutrients my environment lacks.” This 

adaptation of trapping insects helps the plant survive in places other plants struggle to grow. 

•  Survival advantage: This unusual insect-eating strategy means the plant can live in habitats 

where the soil is acidic or low in nutrients. The plant’s ability to do photosynthesis and get 

nutrients from insects gives it a double way to stay alive. It’s an innovative solution that evolved 

so the plant can thrive where others cannot. 

Card 8 

•  Storing up energy: Both the tree and the bear prepare for winter by storing energy. During 

summer, the tree grows lots of leaves and makes extra food (sugars/starch) which it stores in its 

roots. The bear eats a lot in the fall to build up fat reserves in its body. 

•  Reducing energy use: In winter, the bear hibernates – it sleeps for a long time, which greatly 

lowers its energy needs (it doesn’t have to eat during this time). Similarly, the tree goes dormant 

– by dropping its leaves, it basically “shuts down” its food-making factories to conserve energy 

and water. Without leaves, the tree doesn’t photosynthesize, which is okay because there’s not 

much sun or liquid water in winter anyway. 

•  Surviving on stored resources: The leafless tree survives by using the food it stored in its 

roots and trunk during the warm months (kind of like living off a pantry of food). The bear 

survives by living off its stored fat while it sleeps. Neither is taking in much new food or energy 

during winter; they’re both using up what they saved. 

•  Avoiding damage: Shedding leaves is helpful because winter’s cold and frost could damage 

the leaves and the water inside them. If the tree kept its leaves, they might lose water or get hurt 

by snow and ice. By dropping them, the tree protects itself (like a person taking down a tent 

before a storm). The bear similarly avoids the harsh winter by staying in a sheltered den and not 

wandering in the cold where it’s harder to find food. 

•  Comparing strategies: In the imagined conversation, the tree might say, “I drop my leaves 

and nap through the winter,” and the bear might reply, “I curl up and sleep through it too!” Both 

are strategies to survive a tough season. The difference is the bear is an animal that can move 

and find shelter, while the tree is rooted in place and endures winter by temporarily shutting 

down growth. Both show how living things adapt: the bear sleeps to save energy, and the tree 

waits for spring to grow new leaves when sunlight and warmth return.  
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Level 3 

Card 1 

•  Photosynthesis as CO₂ Removal: Emphasizes that trees absorb carbon dioxide to make their 

food, which directly helps reduce greenhouse gases. For example, one mature tree can absorb 

around 48 pounds of CO₂ per year, helping to lower atmospheric CO₂. With a trillion trees, the 

cumulative carbon uptake would be enormous, potentially slowing the pace of global warming 

by storing carbon in wood and soil. This shows evidence-based reasoning that more 

photosynthesis can mitigate climate change by acting as a carbon “sink.” 

•  Oxygen Production and Ecosystem Benefits: Notes that as a by-product, forests would 

release oxygen and support wildlife. (One large tree can provide a day’s supply of oxygen for up 

to four people, highlighting how planting trees benefits air quality and life.) New forests could 

restore habitats, increase rainfall locally, and improve biodiversity, tying environmental science 

to global well-being. 

•  Challenges – Land, Water, and Time: Presents the perspective that planting a trillion trees is 

not simple. It requires vast land areas – roughly the size of many countries – which could conflict 

with land needed for agriculture or cities. Growing forests also needs water and care; in some 

regions, water scarcity or poor soil could limit tree growth. This point might include logical 

math: e.g., calculating land area or the decades needed for seedlings to mature, showing systems 

thinking about how long-term the solution is. 

•  Ongoing Emissions and Limits: Argues that while trees absorb CO₂, it may not be sufficient 

alone. Human activities emit billions of tons of CO₂ annually, and even a trillion trees would 

take years to absorb a significant fraction. Some evidence or outside research might be cited here 

(e.g. “Trillion trees could sequester a large amount of carbon, but without cutting emissions, 

we’ll still overwhelm what forests can absorb”). This perspective warns that we must also reduce 

fossil fuel use – planting trees is just one part of a solution. 

•  Multiple Perspectives (Debate): Incorporates different viewpoints. Pro-Plan: 

Environmentalists and scientists support the idea as a positive, natural climate solution that also 

beautifies the planet and involves global cooperation. They might use historical examples of 

reforestation improving ecosystems. Skeptical View: Others raise ethical and practical concerns: 

who will maintain these forests, and could planting non-native trees or vast monocultures harm 

existing ecosystems? There’s also social context – e.g. indigenous communities’ land rights or 

farmers who could be affected by large new forests. A well-rounded answer would acknowledge 

these trade-offs, perhaps suggesting a balanced approach (plant many trees and cut emissions). 

•  Conclusion/Opinion: Finishes with an evaluative stance. A strong student answer might 

conclude that planting trees is a valuable strategy to harness photosynthesis for good – 

providing evidence of climate benefits – but it’s not a standalone fix. They might say something 

like, “It’s a crucial part of the solution, but we also need renewable energy and conservation,” 

demonstrating high-level synthesis of science, economics, and ethics. The reasoning is clearly 
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explained, showing that the student can connect the science of photosynthesis to real-world 

global policy decisions. 

Card 2 

•  How Artificial Photosynthesis Works (Science & Tech): Explains that artificial 

photosynthesis devices use catalysts and sunlight to convert water and CO₂ into fuels, much like 

a plant makes sugar. For example, a research team created a prototype that produces methane 

fuel from CO₂, water, and sunlight, effectively storing solar energy as a chemical fuel. This 

demonstrates advanced science comprehension, showing the student knows the technology 

imitates the natural process (sunlight → chemical energy). 

•  Environmental Benefits (Optimistic Perspective): From a global environmental science 

viewpoint, highlights big benefits if scaled up. These devices could reduce greenhouse gases by 

pulling CO₂ from the air and turning it into useful products. They provide clean energy: when we 

use the fuel (like methane or hydrogen) produced, it could be in a carbon-neutral cycle (CO₂ 

was taken out to make it, and is released again when fuel is used, instead of adding new CO₂). 

This could slow climate change and reduce pollution. Students might use evidence such as, 

“Scientists report success in converting CO₂ into fuels with promising efficiency,” to show real 

progress. They may also compare it to solar panels, but with the advantage of producing storable 

fuel rather than electricity. 

•  Technological and Practical Challenges: Provides a critical perspective on feasibility. A 

sophisticated answer notes that current artificial photosynthesis systems are still improving and 

not yet widely available. Efficiency is a key issue – natural photosynthesis isn’t 100% efficient, 

and artificial devices currently convert sunlight to fuel with relatively low efficiency, so we’d 

need large, costly setups to meet energy demands. The student might mention engineering 

challenges (the need for rare materials or catalysts, devices working only under certain 

conditions, etc.) and the time/expense to implement this globally. This shows evaluation, not 

just cheerleading the idea. 

•  Multiple Perspectives – Promise vs. Caution: Articulates both excitement and skepticism. 

Optimistic view: “High-tech artificial leaves could power cities with renewable fuel, especially 

in sunny regions; developing countries could leapfrog to this tech and it might reduce the need 

for deforestation or mining since we generate fuel from air and sun.” Skeptical view: “The 

technology might be too expensive or complex to deploy everywhere; if it produces fuels like 

methane, there’s a risk (for example, methane is a greenhouse gas if it leaks).” Also, some might 

argue that relying on a tech fix could make people less focused on reducing energy consumption 

or preserving natural ecosystems (an ethical argument about tech solutions vs. lifestyle 

changes). 

•  Societal and Ethical Considerations: Connects to social studies or economics – who would 

control or have access to artificial photosynthesis technology? A student could reason that if 

wealthy nations or companies patent it, there might be equity issues; or perhaps widespread 

adoption could create new industries and green jobs, transforming economies. Ethically, they 

might consider if investing in “machine trees” is better than investing in real trees and 
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conservation. This shows systems thinking about how technology interplays with society and 

nature. 

•  Conclusion – Evaluation: Ends with a nuanced judgment. For instance, a strong answer 

might conclude: “Artificial photosynthesis holds exciting potential to address climate change by 

harnessing human ingenuity – it’s like giving our world millions of extra 'mechanical plants' to 

clean the air. However, it’s not a cure-all yet; we must continue to develop the technology and 

use it alongside other solutions like renewable energy and natural climate solutions. Evidence 

from current experiments suggests promise, but also that more work is needed to improve 

efficiency and cost.” Such a conclusion uses advanced vocabulary (e.g. ingenuity, solution, 

efficiency) while remaining accessible, and it reflects a synthesized understanding of science, 

technology, and ethics. 

Card 3 

•  Core Design – Plants Providing Oxygen: Proposes a clear design where plants or algae are 

central. For example, a student might suggest a “space greenhouse” with rows of fast-growing 

plants, or tanks of green algae water. They explain that through photosynthesis, these plants will 

absorb the CO₂ that astronauts breathe out and produce O₂ for them to breathe in. This shows 

understanding of the biological role of photosynthesis in gas exchange. A great answer could 

mention specific high-oxygen producers (for instance, algae or cyanobacteria might be very 

efficient – acknowledging that tiny ocean phytoplankton produce about half of Earth’s 

oxygen, so similarly algae in tanks could be powerhouse oxygen factories in space). 

•  Conditions and Requirements (Science + Engineering): Describes the necessary conditions 

to keep photosynthesis going in space. Key points include providing light (since sunlight on 

Mars or inside a spaceship is weaker or absent, they might propose using powerful LED lamps 

tuned to the right wavelengths for chlorophyll), providing water and nutrients (perhaps recycling 

water from the astronauts’ waste or using hydroponics to circulate nutrients to roots), and 

controlling temperature and air circulation. They might note challenges like low gravity – plants 

use gravity to orient growth, so astronauts might need to use rotating gardens or special planters 

to help roots and stems grow properly. Including these details shows an integration of biology 

and engineering. 

•  Scale and Calculations (Math connection): A strong response might estimate how many 

plants or what area of algae is needed per person. For instance, using evidence: “An average 

person uses about 550 liters of oxygen per day. If algae or plants produce that much per person, 

we might need a certain biomass or area of crops per astronaut.” They could reference Earth data 

like one tree supporting ~2 people, and argue that in a space habitat, you’d need a garden 

equivalent to several large plants per person. Showing this kind of rough calculation or reference 

to known figures demonstrates logical reasoning and math application to a real problem. 

•  Multiple Approaches – Plants vs. Machines: Discusses alternatives and why the plant-based 

system is chosen. For instance, Perspective 1: Using living plants has big advantages – they 

self-regenerate, provide food (vegetables or algae that astronauts can eat), and improve mood 

(greenery can reduce stress, an important psychology/health aspect on long missions). 
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Perspective 2: On the other hand, mechanical systems (like chemical oxygen generators) could 

be more compact or reliable in some cases. A thoughtful answer might mention that spacecraft 

today often use chemical scrubbers to remove CO₂, but those don’t produce food or the 

psychological benefits. This comparison shows evaluative thinking and understanding that 

technology and biology can complement each other. 

•  Challenges and Solutions: Acknowledges potential problems such as if the light system fails 

or plants die due to a disease. The student could suggest having a diverse ecosystem (different 

plant species or backup algae) to prevent a single point of failure, and sensors/alarms to monitor 

oxygen levels. They might also consider the time lag – seeds take time to grow, so initial 

missions might need stored oxygen until plants mature, or perhaps carrying algae that can start 

producing oxygen quickly. Including how to handle these scenarios shows systems thinking – 

understanding the life support system as an interdependent cycle (CO₂, O₂, water, waste 

recycling through compost for plants, etc.). 

•  Interdisciplinary Insight: Connects science with broader themes. For example, drawing a 

parallel to Earth’s biosphere, the student might say this Mars greenhouse is like a micro-Earth, 

highlighting how crucial photosynthesis is for any self-sustaining habitat. They might mention 

ethical or social implications too: “If we ever colonize other planets, we have a responsibility to 

create sustainable ecosystems – we can’t just consume oxygen, we must produce it.” This 

reflects a global citizenship perspective, even beyond Earth. 

•  Overall Evaluation: The answer would conclude that using photosynthesis in space is 

feasible and wise. For instance: “Plants and algae can form a reliable life-support backbone for a 

Mars colony – they not only recycle air and provide food, but also offer a touch of nature for 

humans far from home. While challenges exist (light, space, maintenance), careful design and 

backups can address these. This plan shows how understanding photosynthesis (science) and 

clever engineering can work together to support life beyond Earth.” Such a conclusion 

demonstrates a synthesized, optimistic outlook grounded in scientific reasoning. 

Card 4 

•  Potential Benefits – Feeding the World and Capturing Carbon: Describes how enhancing 

photosynthesis could significantly help humanity. A student might explain that if plants 

photosynthesize more efficiently, they can grow bigger or faster, leading to higher crop yields. 

This means more food from the same land area, which could alleviate hunger as the population 

grows. They might cite evidence of experimental successes – for example, scientists have 

managed to tweak plant genes resulting in 20–30% increased plant growth in field trials, 

showing it’s not just science fiction. Additionally, faster photosynthesis means plants take in 

more CO₂; an answer could reference a study or estimate (such as the IPCC projection that 

improving plants and soils could remove nearly 3.8 gigatons of carbon per year) to show 

climate impact. These facts underscore an evidence-based, interdisciplinary link: connecting 

genetic technology to global food security and climate science. 

•  Environmental and Ethical Concerns: On the other side, the answer should thoughtfully 

address the risks. Ecological perspective: If we release super-efficient plants into the wild, they 
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might become invasive, outgrowing other species and reducing biodiversity. Nature’s balance is 

delicate; an engineered plant might, for example, use more water or nutrients, inadvertently 

harming other plants or soil quality. Ethical perspective: brings up questions of playing “god” 

with nature – is it right to alter fundamental processes of life? Students may mention the GMO 

debate: some people worry about genetically modified organisms in food or ecosystems. An 

ethical insight could be, “We need to ensure these changes don’t harm pollinators or lead to 

unforeseen chain reactions in the food web.” This shows evaluation of consequences beyond 

immediate benefits. 

•  Multiple Stakeholder Perspectives: A high-level answer will include voices of different 

groups: 

• Scientist’s view: “We have a responsibility to use our knowledge to solve pressing 

problems – if we can safely make plants that soak up more CO₂ or yield more food, we 

should do it, with proper testing.” They might highlight that similar modifications have 

precedent (e.g., high-yield crops in the Green Revolution saved millions from famine). 

• Environmental activist’s view: “Be cautious – rather than high-tech fixes, we should 

protect and restore natural ecosystems. Relying on engineered plants could distract from 

preserving forests and reducing emissions.” 

• Farmer or indigenous perspective: “Who controls this technology? If super-seeds are 

patented, farmers might be dependent on big companies, raising social justice issues. 

Also, traditional knowledge of local crops might be undervalued if a few engineered 

species take over.” 

• Global policy maker’s view: Possibly weighs both, saying we need international 

regulations to ensure safety and fairness if we proceed. 

Including these perspectives shows systems thinking about how a scientific innovation 

interacts with society and ethics. 

•  Real-World Examples & Evidence: Strong responses might mention specific research. For 

instance: “Project RIPE in Illinois improved photosynthesis by inserting genes to speed up a 

slow enzyme, and the modified plants grew significantly larger.” Another example: “Scientists 

are trying to introduce traits from algae or cyanobacteria into crops to boost carbon capture.” 

These examples make the answer concrete and show the student did outside research. They may 

also cite cautionary tales (like invasive species problems or past GMO controversies such as 

superweeds) as evidence that careful testing is needed. 

•  Conclusion – Balanced Evaluation: The best answers conclude with a balanced, evaluative 

judgment. For instance, a student might say: “Genetically engineering photosynthesis is a 

powerful tool that could help solve global warming and hunger, if used responsibly. The 

evidence suggests we can make plants more efficient, but we must proceed with caution: 

rigorous testing, environmental safeguards, and international oversight are essential. In my view, 

we should pursue it because the potential benefits (a healthier planet, food security) are 

enormous – but we need to be transparent and ethical to avoid harming ecosystems or human 

livelihoods.” This wraps up the debate, using advanced vocabulary like rigorous, oversight, 

potential, safeguards in a way a 6th grader could grasp with some explanation, and ties together 

science, ethics, and global policy insights. 
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Card 5 

•  Human Energy Needs vs. Photosynthesis Limits: Begins by analyzing the core scientific 

reality. A top answer will note that humans require a lot of energy (around 2,000 food calories 

per day, which is roughly 8,400 kJ). Photosynthesis on a human-sized surface would not capture 

enough energy to fully meet that need. For evidence, a student might say, “Even if our skin could 

perform photosynthesis, the energy it could capture is tiny compared to eating. One estimate 

suggests a human would need about two tennis courts worth of surface area of chlorophyll skin 

in the sun for an hour just to meet one day’s food energy!” This vivid comparison (imagine a 

person unfurling skin like a huge solar panel) uses advanced concept humor to convey that it’s 

impractical for humans to rely solely on sunlight. Thus, biologically, we’d likely still eat most of 

our food, with photosynthesis only supplementing a bit – maybe we could skip a snack if we 

sunbathe, but not live on light alone. 

•  Lifestyle Changes: Describes how day-to-day life might change with partial photosynthesis. 

For example, people might schedule “sun sessions” to boost their energy – akin to charging a 

battery. Schools or offices could have rooftop gardens where people lounge during breaks to 

“recharge.” This appeals to visual and kinesthetic imagination (people physically positioning 

themselves for optimal sun). Some might embrace a more outdoor lifestyle, which could improve 

mental health (sunlight improves mood). However, the answer should also mention limitations or 

risks: “If everyone is trying to get sun, overcrowding in sunny public spaces could be an issue,” 

or health trade-offs like increased exposure to UV light could raise skin cancer risk – an 

interesting health science connection. The student might use advanced but accessible vocabulary 

like chlorophyll, epidermis, UV radiation, nutrients when describing these effects. 

•  Economic and Social Impacts: Explores how industries and societies might react. Food 

industry: If people need a bit less food, agriculture might shrink or shift focus – perhaps less 

demand for high-calorie crops, more focus on nutrient-rich foods since calories come from sun. 

Farmers might grow more trees and green spaces for people to use (a creative thought: “sun 

parks” could become as important as food markets). Global inequality: A perceptive answer 

could point out that regions with lots of sunlight (near the equator) might find this ability more 

useful, whereas in polar areas or places with long winters, people would still rely on 

conventional food. This could lead to interesting social dynamics – maybe seasonal “migration” 

of people who can afford it, chasing sunlight like snowbirds. Ethically, students might ask: 

would this ability be available to everyone or only the rich (if it’s a treatment or genetic 

modification)? This part connects science fiction to real-world ethics and social studies (who 

gets new technology, disparities between regions). 

•  Environmental Effects: Considers whether human photosynthesis helps the planet. On one 

hand, if billions of people eat a bit less, we might reduce intensive farming, which could mean 

less deforestation, pesticide use, and carbon emissions from agriculture – a positive 

environmental science outcome. Also, if humans partially feed on sunlight, we’re essentially 

directly using solar energy with no pollution. On the other hand, a creative perspective: if we 

photosynthesize, we’d be consuming CO₂ and releasing O₂ in daylight (like plants). Individually 

that’s small, but on a global scale humans might slightly augment the role of plants. However, at 

night humans still breathe oxygen and eat food, so the overall balance change might be minor. A 



Photosynthesis Level 9-12 

© 2026 ETC Montessori   16 

nuanced answer could conclude the environmental impact is mostly positive but not game-

changing unless the effect was very large. 

•  Multiple Perspectives & Ethical Reflection: Highlights how different people might feel. 

Some might love the idea (“free energy, yay!”), seeing it as a step toward sustainability and even 

self-sufficiency. Others might find it unnatural or worry about cultural impacts (food is a big part 

of culture and social life – would communal meals become less important if we rely on 

sunlight?). The student could mention that eating is also pleasure and tradition: even if not 

strictly necessary, people might still cook and share meals for enjoyment, so maybe human 

photosynthesis wouldn’t replace the rich social fabric around food. This demonstrates higher-

level thinking about human culture and psychology. 

•  Conclusion – Scientific Reality Check with Imagination: Wraps up by stating that while it’s 

fun to imagine humans as part-plant, realistically we can’t get enough energy from the sun to 

quit eating. They might say, “Photosynthesis is an amazing strategy for plants, but animals like 

us evolved to get energy from eating other organisms because it yields much more energy. Even 

if we were green, we’d be more like solar-powered phone chargers than full solar generators – a 

little boost, not complete sustenance.” They conclude that the scenario raises interesting ideas 

about our relationship with food, sunlight, and technology (perhaps referencing the **NIH 

experiment of implanting chlorophyll in human cells as a real-world step). Ultimately, such an 

answer balances creative synthesis (imagine all these changes) with scientific evaluation (is it 

realistic or beneficial), showing a gifted understanding of both science and human society. 

Card 6 

•  Role of Photosynthesis in Oxygen Production: Clearly explains that almost all the oxygen in 

Earth’s atmosphere is produced by photosynthesis. Green plants on land (forests, grasslands) and 

phytoplankton in the oceans use CO₂ and sunlight to create oxygen. A strong answer gives the 

approximate contribution: for example, phytoplankton (tiny ocean plants) produce about 

50% of Earth’s oxygen, with the rest mostly from terrestrial plants. This shows an evidence-

based grasp of the global oxygen cycle. 

•  Why We Likely Won’t “Run Out” Overnight: Discusses the scale of the atmosphere. The 

air currently has a huge reservoir of O₂ (~21% of the atmosphere). Even if photosynthesis on 

land slows, that O₂ level would decline very slowly. A student might reason with numbers: 

“Oxygen isn’t used up as fast as CO₂ is added – even burning all fossil fuels would only 

marginally dent oxygen levels, according to some scientists.” This perspective reassures that a 

total lack of oxygen is not an immediate threat, demonstrating critical analysis of exaggerated 

fears. They might compare it to historical events: oxygen levels have remained high for millions 

of years thanks to continuous photosynthesis and relatively slow geological changes. 

•  Climate Change and CO₂ Buildup: Emphasizes that the more pressing issue with losing 

forests is not immediate oxygen loss but excess CO₂. Less photosynthesis means less CO₂ is 

removed from the air, so CO₂ builds up faster, intensifying the greenhouse effect. Students can 

provide evidence or analogy: e.g., “A mature forest acts as a carbon sink, absorbing CO₂. If it’s 

cut, not only does that absorption stop, but burning or decomposing the trees releases CO₂, 
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doubling the impact.” This shows they understand deforestation’s contribution to climate 

change, linking photosynthesis to environmental science and geography (human land use 

impacts). 

•  Regional Oxygen Impacts and Ecological Effects: An insightful answer may mention that 

while overall oxygen in the whole atmosphere is robust, local and regional effects can occur. 

For instance, in the ocean, if algae are killed off (say by pollution or warming), local oxygen in 

water can drop, creating “dead zones” where fish suffocate. On land, areas downwind of 

deforestation might see changes in climate (forests recycle moisture and keep air cooler). Also, 

loss of forests means loss of biodiversity; fewer plants and animals can disrupt ecosystem 

services that indirectly keep the atmosphere balanced (like soils storing carbon). This systems 

view shows the student sees beyond just O₂ percentages to the interconnected effects of losing 

photosynthesizers. 

•  Multiple Perspectives – Scientific Debate: Incorporates viewpoints such as: 

• Atmospheric scientist: “Oxygen is so abundant that human activity is unlikely to deplete 

it significantly; the bigger worry is CO₂-driven climate change.” They might reference 

research or consensus opinions to back this. 

• Environmental biologist: “Deforestation could in the long run alter the atmosphere’s 

composition. Perhaps not a doomsday drop in O₂, but it could lower the efficiency of the 

Earth system to replenish oxygen and handle CO₂. And if combined with ocean changes 

(like phytoplankton declines due to warmer oceans), then we might see a more noticeable 

effect on O₂ over centuries.” 

• Ethicist or global citizen perspective: “Even if we won’t run out of oxygen next year, it’s 

ethically wrong to destroy the very forests that sustain life. Future generations have a 

right to healthy forests and stable climate. Plus, many medicinal, cultural, and aesthetic 

values are lost with forests.” 

This approach shows the student can synthesize multiple sources and values, 

recognizing that scientific and moral perspectives both matter. 

•  Use of Data/Evidence: A good answer uses some data: e.g., “Rainforests contribute perhaps 

~20-30% of the world’s oxygen production, while the oceans contribute most of the rest. So 

losing the Amazon alone won’t make us all suffocate, but it will significantly reduce Earth’s 

capacity to remove CO₂.” Or they might mention that current O₂ level is about 21% and has 

changed little in recent decades despite deforestation, citing studies. They may also use 

analogies: Earth’s oxygen is like a huge bank account – deforestation is like losing some income, 

which won’t bankrupt us immediately but is unsustainable long term. 

•  Conclusion – Global Responsibility: Ties the analysis back to human action and ethics. For 

instance: “While a total oxygen crash is unlikely, deforestation is clearly harmful – it accelerates 

climate change and weakens the natural systems that keep our air breathable. Global citizenship 

means recognizing that one country’s forest loss affects the whole planet’s climate and 

biodiversity. Therefore, we have a responsibility to protect and restore forests, and maybe even 

support ocean health (like reducing pollution) to ensure photosynthesis around the world 

continues powering the oxygen cycle. The science tells us the atmosphere’s balance is resilient 
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but not indestructible.” This conclusion uses advanced reasoning and reinforces the importance 

of photosynthesis as a planetary life-support process, showing the student’s ability to evaluate 

scientific information in a broader context of sustainability and ethics. 

Card 7 

•  Accurate Scientific Content in the Story: The diary or story should personify the leaf but 

include key photosynthesis facts. For instance, a good answer’s narrative might say, “At dawn, I 

feel the Sun’s rays warm my green surface. My chlorophyll wakes up, and I start mixing water 

from my roots with carbon dioxide from the air to cook up sugar for the tree.” In the reflection, 

the student notes this corresponds to the leaf performing photosynthesis – using sunlight energy 

to convert CO₂ and water into glucose (food) and releasing oxygen. The story likely mentions 

the leaf “breathing out” oxygen (perhaps as a sigh of relief or giving a gift to the world). The 

reflection would highlight: Sunlight, carbon dioxide, and water are the reactants, and oxygen is 

the by-product, demonstrating core science knowledge. 

•  Leaf’s Perspective and Sensory Details: The creative portion uses imagery and emotion to 

engage multiple learning styles. For example, the leaf might describe feeling thirsty at night 

(when photosynthesis pauses and it can’t make food until sunrise), or feeling joy when a breeze 

brings fresh CO₂. It might mention the green color (chlorophyll) as something like “my green 

coat that lets me capture sunlight.” It could describe the starch (sugar) being sent down to feed 

the tree (“I proudly send the sweet syrup I made down through the veins to our trunk – dinner for 

us all!”). These anthropomorphic details make the science memorable. The teacher would look 

for mentions of the process stages: absorbing sunlight, taking in CO₂ (perhaps through “tiny 

mouth-like openings” – stomata – though a 6th grader might not say stomata explicitly, 

describing it is great), releasing O₂. Including those shows comprehensive coverage of the 

concept in a creative way. 

•  Interdependence with Animals (Multiple Perspectives): In the diary, the leaf might have a 

conversation or encounter illustrating the plant-animal relationship. For example, a leaf could 

greet a squirrel or bird with, “Hello friend, enjoy the oxygen I made for you!” and the animal 

might figuratively thank the leaf by breathing out CO₂, which the leaf then uses. The dialogue 

could be playful: Bird: “I need a rest, and some fresh air!” Leaf: “Climb on – I’m making plenty 

of oxygen right now from this morning sun. By the way, thanks for that CO₂ in your breath, I’ll 

use it to cook up more food.” This dialogue, if explained in the reflection, shows understanding 

that animals and plants exchange gases (plants give O₂, animals give CO₂), an important life 

science concept. Another perspective might be the leaf’s view on humans – e.g., noticing a child 

playing in the shade and thinking how the oxygen it released is keeping that child alive, 

reinforcing the global citizenship idea that plants quietly support all life. 

•  Challenges or Threats in Story: Some students might add a bit of drama from the leaf’s 

viewpoint – maybe a cloud covers the sun (so photosynthesis slows and the leaf “yawns, feeling 

sleepy without sunlight”), or a logger cuts a nearby tree (the leaf might feel fear for its forest, 

introducing an environmental message). Or an insect eats part of the leaf (the leaf might 

complain but then note that even that caterpillar will breathe the oxygen it provided). These 
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elements show creative synthesis – blending life science with empathy and even environmental 

ethics in storytelling. 

•  Reflection – Scientific Explanation: The answer’s bullet points or paragraph after the story 

should translate the narrative back into scientific terms. It might say: “In my story, I wrote ‘I 

drank water through my veins.’ This refers to the roots absorbing water and it traveling up to the 

leaf through xylem (though I didn’t use the word xylem, that’s the science behind it). When I said 

‘cooking with sunlight,’ I meant the process of photosynthesis, using light to power the reaction 

that turns water and CO₂ into sugar. I included an exchange with a bird to show how animals 

need the oxygen that leaves produce, and how the CO₂ the bird exhales is not waste to the leaf – 

it’s an ingredient for more photosynthesis. This highlights the mutual dependence of plants and 

animals.” By providing this explanation, the student demonstrates they can identify the factual 

core of their creative work and articulate the science concepts (photosynthesis and respiration 

cycle) in a more straightforward way. 

•  Insight Gained: Finally, a strong answer might include a personal or big-picture insight: e.g., 

“Writing as if I were a leaf made me realize how hard plants ‘work’ all day doing 

photosynthesis. It gave me a new appreciation for trees – they quietly fill our world with oxygen 

and food. It’s almost like each leaf is a tiny factory keeping the whole planet alive. It also made 

me think about what happens at night (I hinted my leaf was sleepy without sun, which is because 

photosynthesis stops without light). It was a fun way to learn science, and it shows creative 

writing can deepen understanding of even complex processes like photosynthesis.” This kind of 

reflection ties the activity to learning outcomes, showing the student’s higher-order thinking 

about how form (a story) can convey function (scientific concepts), bridging ELA and science 

beautifully. 

Card 8 

•  Clear Hypothesis: States a testable hypothesis, e.g., “If plants are exposed to polluted air 

(with soot or high CO₂/low air quality), then their rate of photosynthesis will decrease, resulting 

in slower growth or less oxygen output, compared to plants in clean air.” This shows logical 

prediction based on knowledge that pollution can block sunlight or damage leaves, thus 

reducing photosynthesis. 

•  Experimental Design (Variables and Control): Outlines a specific plan: 

• Subjects: Perhaps uses identical potted plants or cuttings. Some might choose a common 

fast-growing plant like bean seedlings or a water plant like Elodea (aquatic plant) which 

is classic for observing O₂ bubbles. Using aquatic plants could be smart for measuring 

oxygen directly – the student might say, “Place aquatic plants in two aquariums: one with 

normal air bubbled in, one with car exhaust gas bubbled in, and count oxygen bubbles or 

use a dissolved oxygen sensor.” Alternatively, dusting leaves of one group of land plants 

with a thin layer of talc (to mimic soot) while keeping another group clean. 

• Controlled Variables: All plants get the same amount of light (perhaps under growth 

lamps or sunlight), the same water, soil, and temperature. The only difference is the air 

quality. This demonstrates understanding of fair test principles (changing one 
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independent variable – air cleanliness – and measuring its effect). They should explicitly 

mention these controls. 

• Measuring Photosynthesis: Several approaches could be mentioned, showing creativity 

and interdisciplinary thinking. They might measure oxygen production: for aquatic 

plants, counting bubbles or using a chemical indicator that changes color with oxygen or 

CO₂ levels (like how bromothymol blue indicates CO₂). For land plants, they might 

measure growth (height or number of new leaves over a few weeks) or even use leaf 

color as a proxy (greener leaves indicate healthier chlorophyll vs. yellowing in pollution). 

Some advanced ideas: using a smartphone app or sensor to measure carbon dioxide 

uptake or using starch testing in leaves (after a few days, test leaves with iodine solution 

to see if polluted ones made less starch, an indication of less photosynthesis). The key is 

that the student provides a feasible method for a 6th-grade level experiment to gauge 

photosynthesis. 

•  Expected Results and Reasoning: Predicts outcomes with reasoning. For example: “I expect 

plants in the polluted environment to produce fewer oxygen bubbles per minute than those in 

clean air, because pollutants like soot can block light from reaching the leaves and some 

chemicals might clog the leaf pores (stomata) that take in CO₂. Also, if CO₂ is extremely high but 

accompanied by toxic gases, it might not help because the toxins can damage the leaf.” This 

shows an understanding that while CO₂ is the raw material for photosynthesis, real polluted air 

contains harmful substances (like ozone, sulfur dioxide, or just particulate matter) that stress 

plants. They may mention that a moderate increase in CO₂ alone (like in greenhouses, farmers 

sometimes add CO₂ to boost growth) can help plants, but in polluted city air, the negatives 

outweigh the CO₂ benefit – demonstrating nuanced analysis. 

•  Real-world Connection: The answer should circle back to why this experiment matters. For 

instance: “If our experiment shows pollution significantly lowers photosynthesis, it’s evidence 

that city pollution can slow plant growth. This could mean urban trees absorb less CO₂ and 

produce less oxygen than they would in cleaner air. City planners might use this information to 

push for cleaner air policies or plant more pollution-tolerant species. It also shows the 

importance of having green zones (parks with cleaner air) in cities to keep photosynthesis 

going.” This links the experiment to environmental science and public policy, implying that 

evidence from a simple experiment mirrors larger global issues (like how industrial pollution can 

impact forests or crops, affecting carbon cycles and climate feedback loops). 

•  Multiple Perspectives or Extensions: A sophisticated answer might suggest comparing 

different pollutants or conditions: e.g., “One could test not just car exhaust, but also how dust 

alone vs. chemical fumes affect plants, or compare species (maybe pine trees vs. maple) to see if 

some are more resilient. This would add depth to the investigation.” While not required, it shows 

synthesis and curiosity. They might also acknowledge safety (working with actual car exhaust 

can be dangerous, so perhaps they’d simulate it with a mix of candle smoke for soot and exhaled 

breath for CO₂ – showing practical consideration). 

•  Conclusion of Findings: Finally, they’d summarize what a positive vs. negative result would 

mean. A possible conclusion: “Our experiment would likely confirm that clean air is important 

for optimal photosynthesis. It would provide tangible, observable evidence (like bubble counts or 



Photosynthesis Level 9-12 

© 2026 ETC Montessori   21 

growth differences) that air pollution can directly harm plant function. This hands-on inquiry 

connects to the bigger picture: just as we need plants for oxygen and climate regulation, plants 

need us to keep the air clean so they can do their job. It’s a two-way street in the environment.” 

This kind of concluding insight ties the experiment back to a systems perspective – everything 

is connected – and underscores the value of science in informing how we take care of our world. 

 

 

 


