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Biogeochemical Cycles Research Questions
Answer Key

Teacher Suggested
Sample Answers

4085 Biogeochemical cycles

The answers provided here are suggested points that the teacher or guide can use in order
to evaluate the answers of the students. The questions are open ended questions that
involve research and the student’s own interpretation of data. Please use accordingly. They
are by no means to be used as a standard but rather a reference.

Each of these questions integrates science with creative thinking and other subject areas.
They encourage students to analyze scenarios, synthesize information in new formats (stories,
dialogues, drawings, models), and evaluate the outcomes of changes in the various cycles.
By supporting multiple intelligences — visual diagrams, linguistic stories, kinesthetic activities,
logical calculations, naturalistic connections, and even interpersonal collaboration — these
research questions make the cycles accessible and engaging while reinforcing key science
concepts about how the various elements of each cycle circulate through our planet’s
systems.
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Biogeochemical cycles
The Water Cycle

Water Cycle

Water Cycle-1

- Evaporation: 1 began in the ocean as a liquid drop of water. The sun warmed me up and gave me energy to evaporate
into the air as water vapor. I rose up from the ocean’s surface, leaving the liquid ocean and floating into the sky.

- Condensation: Higher in the sky, the air grew colder. I condensed from vapor back into a tiny liquid droplet, joining
countless other droplets to form a cloud. In my diary I wrote about bumping into other droplets and forming a big, fluffy
gray cloud.

* Precipitation: As the cloud became heavy with millions of droplets, I eventually fell back to Earth as precipitation
(rain). I rained down over land, describing in my diary how it felt to leave the cloud and splash down.

- Collection: Finally, I landed on the ground in a puddle that flowed into a stream. The stream carried me to a river, and
1 traveled down the river until I returned to the ocean. I noted that I ended up back where I started — a full cycle!

- What-If Scenario: If part of the cycle were missing, my journey would be very different. For example, if the sun didn’t
heat me enough to evaporate, I would stay in the ocean and never become vapor — no clouds or rain would form. With-
out evaporation (and the suns energy), the water cycle would stall and there would be no clouds to give rain. Likewise, if
precipitation never happened, I might remain stuck in a cloud and never return to earth. In my diarys “what-if” entry, 1
reflected that with no rain, rivers and lakes would dry up and living things would not get the water they need.

Water Cycle -2

* 1 described an experiment focusing on evaporation. I would take two identical shallow cups of water and place one in a
sunmny spot and one in a shady or covered spot.

* Materials: Two cups, water, a marker (to mark water level), a ruler (to measure water level), and a timer or clock. I'd
Jill each cup with the same amount of water and mark the starting level.

* Procedure: I'd put one cup on a windowsill in direct sunlight and the other in a dark or shaded area at room tempera-
ture. I would observe them over time (for example, checking the water levels twice a day for several days). I predict the wa-
ter in the sunny spot will evaporate faster than the water in shade, because heat from the sun gives energy for evaporation.

* Observations/Measurements: I would measure how much the water level drops in each cup every day. For instance, after
one day, the sunny cup might lose a few millimeters of water, while the shaded cup loses much less. I might also note any
condensation: if I covered the cups with clear wrap, I could see water droplets condensing on the wrap above the warm cup.

- Expected Results: Over a few days, the cup in the sun should lose a larger volume of water due to evaporation, demon-
strating that heat speeds up evaporation. The shaded cup would still evaporate but more slowly. This experiment shows that
evaporation (liquid water turning into vapor) happens more quickly with heat — just like in the water cycle where the sun’s
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energy powers evaporation. Our measurements and notes would confirm the concept that sunlight (heat) makes water go
into the air faster.

* From the results, [ would conclude and explain that this is why puddles dry up faster on hot days: the sun provides energy
for water to evaporate into the atmosphere, a key step of the water cycle.

Water Cycle -3

* First, I recognize the conversion: 1 millimeter of rain on 1 square meter equals 1 liter of water. This is a useful fact in
meteorology.

* Our school roof is 100 m?. If 5 mm of rain falls, thats 5 liters per m? (because 5 mm is five times 1 mmy). Over 100 m?,
the total volume is 5 x 100 = 500 liters of water. (500 liters is about the volume of 250 big soda bottles!)

* This calculation shows that even a seemingly small rainfall delivers a lot of water. 500 liters of water from one brief rain
on the roof is significant — and thats just one building. I would explain that this water doesn’t just vanish; it flows and
cycles:

O Some water will run off the roof into gutters, then perbaps to the ground or a storm drain (joining streams or
seeping into soil). This demonstrates the collection stage of the water cycle — water gathers in rivers, lakes, or under-
ground.

O Some water might evaporate again from wet surfaces once the sun comes out, returning to the atmosphere to con-
tinue the cycle.

O Ifthe roof has a rain barrel, we might collect and measure the water, tying into real-life water conservation. For
example, collecting 500 L can water a school garden. This shows the practical importance of rainfall.

* In summary, I calculated the rainfall volume and found its quite large. I noted that this water becomes part of the water
cycle: it either infiltrates the ground to recharge groundwater, runs off to rivers, or evaporates back into the air. Even a
small rain is important because it refills our water sources and supports life.

Water Cycle -4

* In a tropical rainforest, it rains a lot. For example, many rainforests receive over 2000 mm (2 meters) of rain each year.
All that rainfall is a key part of the water cycle there. The abundant trees and plants put a huge amount of water back into
the air through transpiration (water evaporating from leaves). In fact, a rainforest can produce up to 75% of its own rain
by recycling water via evaporation and transpiration from its lush plant life. This means rainforests have a self-sustaining
water cycle: frequent rains, high humidity, and constant evaporation.

* In contrast, a desert has a very dry water cycle. Deserts often get less than 250 mm of rain in an entire year — thats only
about 10% of the rainfall a rainforest gets! With so little precipitation, the ground is often dry and there are few clouds. The
hot sun in deserts causes what little water there is to evaporate quickly, and there are far fewer plants, so transpiration is
minimal. Often, any rain in a desert falls in short bursts and can cause flash floods (because the hard ground doesnt absorb
water well), but then the water dries up or drains away and it may not rain again for montbs.

* Plants and animals adaptations: In rainforests, plants have adaptations to handle lots of water (like drip-tip leaves that
shed excess rain). Animals have plenty of water to drink, and rivers and streams are abundant. People living in rainforests
often build homes on stilts or in areas that stay dry because heavy rains can cause flooding. They can collect drinking water
easily from rainfall and rivers. In deserts, by contrast, plants and animals must conserve water. Cacti store water in their
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stems, and some desert animals get water from the food they eat or only come out at night to avoid heat. People in desert
regions adapt by digging wells for groundwater, collecting the rare rain in cisterns, or building irrigation systems to bring
in water. They also schedule activities around cooler times of day to reduce water loss (just like how the environment mini-
mizes evaporation).

Water cycle challenges: The rainforests challenge is often too much water at once — flooding or soil erosion from heavy
rain. But the rich water cycle supports dense life (huge trees, diverse wildlife). In the desert, the challenge is too little water
— drought is common. Water cycle events are infrequent, so life there is sparse and has to be very efficient with water. This
comparison shows how the water cycles balance (lots of rain vs. almost none) shapes each ecosystem and how humans and
other organisms have to adjust to those conditions.

Water Cycle -5

Warmer global temperatures are expected to speed up parts of the water cycle. Heat causes more evaporation of water
Jfrom oceans, lakes, and soil. With a warmer climate, water will evaporate faster into the atmosphere.

* Increased evaporation leads to more water vapor in the air, which can feed more frequent and intense storms. Many cli-
mate models predict heavier rainfall in some areas because a warmer atmosphere holds more moisture. This means when it
does rain, it can pour much harder, causing flooding. We are already seeing examples: some regions experience record-break-
ing downpours and floods because warmer air “wrings out” more water during storms.

* At the same time, climate change can cause droughts in other areas. Because weather patterns are shifting, some places
that used to get regular rain may get less now. Also, if storms dump rain in one region, other regions might miss out. As a
result, areas far from storm tracks could have longer dry periods. Higher evaporation rates can dry out soils more quickly,
worsening drought conditions. For example, farmers in drought-prone areas are seeing soils and crops dry up faster than

before.

* These changes mean extremes in the water cycle: flooding in some regions and extreme drought in others. Heavier
rainfall can lead to overflowing rivers, property damage, and soil erosion (a challenge for communities and wildlife). More
droughts mean water shortages for drinking and farming; crops can fail and wildfires can become more common in dried
landscapes. Scientists have observed that with climate change, wet areas tend to get wetter (visking floods) and dry areas get
drier (risking drought).

* Impact on people and ecosystems: I explained that stronger storms (powered by extra evaporation) can damage homes,
roads, and habitats through flooding. For example, communities near rivers might need to build higher flood defenses. On
the other hand, in drying regions, people could face water scarcity — farmers might struggle to irrigate crops, and cities may
have to restrict water use. Ecosystems also suffer: fish and aquatic life can be hurt by floods that wash pollution into rivers,
while plants and animals in drought areas may die or migrate due to lack of water. In summary, climate change is intensi-
Jying the water cycle, causing more extreme highs and lows in water availability. Society will need to adapt by improving
water management — like conserving water during droughts and building resilient infrastructure for floods.

Water Cycle -6
Titan, a moon of Saturn, actually has a cycle very much like Earths water cycle — but with methane playing the role
of water. On Titan, there are lakes and seas of liquid methane and ethane. When the sun (or just Titan’s energy balance)

warms these liquid hydrocarbons, they evaporate into methane gas, rise into the atmosphere, condense into clouds, and fall
back as rain — except it’s raining methane instead of water!
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* The similarities are that Titan’s cycle has the same stages: liquid turning to gas (evaporation), gas forming clouds (con-
densation), and then precipitation (methane rain) coming down, filling lakes. Scientists describe it as Titans version of
the hydrologic cycle. So if I compare: Earth’s sun-driven water cycle and Titan’s cold methane cycle both circulate a liquid
through atmosphere and back to surface.

- *The differences come from the substances and conditions:

0 Temperature: Titan is extremely cold (around -179 °C on the surface), so water there is frozen solid and can't
cycle; instead, methane, which is normally a gas on Earth, acts like a liquid on Titan. Earth’s cycle is driven
by water, which needs a warmer temperature range (liquid water exists between 0-100 °C). Titan’s cycle
requires much lower temperatures for methane to be liquid.

0 Energy Source: Earth’s water cycle is powered by the Sun’s heat. Titan is far from the Sun, receiving much
less solar energy. Titan’s evaporation might happen more slowly, and it likely relies on seasonal changes and
maybe internal heat or just the very weak sunlight. The cycle on Titan might be slower and more influenced
by Titan’s longer year (orbit) and thick atmosphere.

0 Gravity and Atmosphere: Titan’s gravity is weaker than Earth’s, and its atmosphere is dense. Methane clouds
and rain on Titan might form and behave differently (for example, drops could be larger or fall more slowly
in the thick air and low gravity). Also, Titan’s rain might take a long time to evaporate again in the cold envi-
ronment, whereas on Earth water can evaporate fairly quickly in warmth.*

* In summary, I would compare an Earth rainstorm to a Titan “methane storm.” On Earth we have water rain that feeds
rivers and oceans; on Titan, methane rain fills lakes and then eventually evaporates back. The idea shows students that the
concept of a cycle (liguid-gas-liquid) isn’t limited to water or Earth — it can happen with other liquids and on other worlds,
Just under different conditions. Its a great way to analyze the essential parts of a cycle and which parts depend on specific
materials or temperatures.

Water Cycle -7

* [ chose a short poem about rain (for example, Langston Hughes' ‘April Rain Song”). The poem describes gentle rain
Jalling at night and how it makes the speaker feel peaceful. This conveys a feeling of renewal and calm. The author portrays
rain as something beautiful and soothing, which hints at the idea that rain nurtures life (plants, the environment) and
brings relief. This connects to the water cycle because precipitation (rain) is seen as positive and life-giving. In class, we
noted that many poems and songs associate rain with emotions — sometimes sadness or loneliness, but often renewal — show-
ing how people emotionally connect to the water cycle (rainy mood vs. sunny mood,).

* For art, I mentioned a painting called “Rain, Steam, and Speed” by J.M.W. Turner (an example of art with rain). The
artist painted blurry rain over a steam train — it gives a feeling of motion and atmosphere. The rain in the painting shows
how weather (water in the air) can change how everything looks and feels. It relates to the water cycle because its depicting
rainfall (precipitation) and its interaction with human activity (the train). This sparked a discussion that artists often use
water (like rain or rivers) to symbolize emotions or the passage of time.

* For my own creative piece, I decided to write a short poem titled “Journey of a Water Droplet.” In my poem, I described
a droplet rising as vapor from a lake (evaporation), dancing among clouds, then falling back down as rain to make flowers
grow. I used playful language to give the droplet a personality, and I aimed to show joy and wonder about the water cycle
— how the same drop travels and brings life to different places. The science idea I included was basically the cycle stages, but
in a creative way (e.g., “Sunlight lifts me skyward as a misty memory of the lake” to hint at evaporation, and “I reunite
with earth in a splash of silver” to describe precipitation). After sharing, I explained to the class that my poems theme is the
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renewal that the water cycle provides: the droplets journey illustrates how water keeps going around to support life.

* Another student did a drawing instead — a comic strip of a water droplet character going through the cycle. That worked
too! The key is that our creative works showed we understand the sequence and importance of water cycle steps, and we
also expressed how we feel about water (grateful, excited, etc.). This interdisciplinary exercise connected science with art and
language, and it let us see the water cycle not just as facts, but as inspiration.

Water Cycle -8

* Our group chose to build a miniature water cycle model using household items. We took a large bowl and filled it with
a bit of water (this represented the ocean). In the center of the bowl, we placed an empty cup (to act as a land collection
point). We covered the top of the bowl tightly with clear plastic wrap and sealed it, then put a small rock on the plastic
wrap directly above the cup. We placed the bowl in a warm sunny spot. Soon we observed the stages of the water cycle in
action:

0 Water in the bowl evaporated due to the warmth (we could tell because after a while, the water level in the
“ocean” bowl went down).

O  7he water vapor hit the plastic wrap (which was cooler), and condensed into tiny droplets on the inside of the
wrap — it looked like a cloud forming on the ceiling of our mini-world.

0 When enough droplets gathered, they precipitated — the droplets merged and fell off the plastic wrap, dripping
right into the empty cup like rain. Over time, the cup collected water that originally evaporated from the bowl.

O  7his was the collection stage: the “‘rain” dripped into the cup (our land). In a real water cycle, this would be like
rain collecting in lakes or groundwater. We even saw “runoff” when we tilted the plastic slightly: drops rolled down
the underside of the wrap to the side of the bowl.

 We also tried a skit version. Each person in our group acted out a role: one was the Sun, standing with a bright yellow
cut-out and ‘shining” on the others. Several of us were water droplets in the “ocean” (we crouched on the floor). When the
Sun gave us energy, we wiggled and rose up as evaporating water vapor. Another student was the cool atmosphere; when
we reached her, we all clumped together to form a cloud (condensation). Then, at a cue, we “rained” down by wiggling
our fingers and falling to the ground as precipitation. One student on the ground was acting as a mountain, so some of
us flowed down his arms like runoff to a lake (a bowl of water we had set as a prop). Others “soaked” into the ground
(we pretended to sink into the floor) to show groundwater. Finally, we all made our way back to the “ocean” area to show
collection. We did this skit for the class, narrating each step.

* *In our explanation, we made sure to identify each stage and its importance:

0 Evaporation (powered by the Sun) is crucial because it's how water moves up into the sky, cleaning the water
(since impurities are left behind) and forming clouds. Without evaporation, the cycle wouldn't start.

0 Condensation forms clouds. This step is important for gathering the water vapor into liquid drops so it can
eventually fall as rain. Clouds also help regulate Earth’s temperature and distribute water over the globe.

0 Precipitation (rain, snow, etc.) is how water in the air comes back down, replenishing fresh water on land.
This stage provides drinking water for animals and plants, fills rivers and lakes, and even creates glaciers in
cold climates. Without precipitation, land would dry out completely.

0 Collection is the stage where water gathers back into oceans, lakes, and groundwater, ready to start the cycle
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again. This is important because it's where humans and other living things actually use the water — we drink
from these sources, and aquatic life lives in them. Collection also means eventually that water will evaporate

again, continuing the cycle.*

* Our model and skit both demonstrated the continuous loop of the water cycle. We noted in our discussion that each part
is interconnected — for example, more heat from the sun can increase evaporation, leading to more clouds and possibly more
rain. If any stage is changed or disrupted, the whole system adjusts. This hands-on activity helped us remember the stages in
order and understand why the water cycle never stops. We also found it fun — it appealed to those of us who learn better by
doing or seeing, not just by reading. By building and acting it out, we used creativity and teamwork to deepen our under-

standing of Earth’s water cycle.
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Carbon Cycle

Carbon Cycle-1

* Starts in the Atmosphere: Begins as carbon dioxide (CO,) gas in the air. For example, “I floated in the sky as part
of CO, in the atmosphere...”.

- Photosynthesis — Into a Plant: The carbon atom is absorbed by a plant through photosynthesis (plants take in
CO,, useitto make food and release oxygen). E.g., “A tree’s leaf pulled me in and turned me into part of a sugar
molecule.”

- Food Chain — Into an Animal: The carbon atom moves when the plant is eaten by an animal. “A rabbit ate the
leaf, and now I'm part of the rabbit’s body.” The story might mention the carbon helping the animal grow or giving
it energy.

* Respiration — Back to Air: The animal breathes out CO,, releasing the carbon back into the atmosphere. “The
rabbit exhaled, and I flew back out as CO, into the air.”

- Decomposition and Soil: Optionally, the story could include the plant or animal dying and decomposers breaking
them down, releasing carbon to the soil and air. “When the rabbit’s time was up, decomposer microbes turned me
into part of the soil and some of me went back to the air through decomposition.”

* Fossil Fuels and Combustion (Advanced): A higher-level extension might follow the carbon atom sinking into the
Earth as part of a fossil fuel over millions of years, then being burned in a factory or car, returning to the atmosphere
as CO,. This demonstrates the full cycle and human impact in the story.

Carbon Cycle -2

* Include Atmosphere and CO_: Show the atmosphere with CO, gas. For example, a section of the poster might
have a cloud or sky with the label “Carbon Dioxide (CO?2) in Air,” since the carbon cycle starts and ends with the
atmosphere.

* Plants and Photosynthesis: Draw plants or trees taking in CO, from the air. Explain on the poster that through
photosynthesis, plants absorb carbon dioxide to make their food, releasing oxygen. Why: This shows how carbon
leaves the air and becomes part of living organisms (a crucial carbon “sink”).

* Animals and Respiration: Include animals or humans breathing out CO,. A drawing of a child or animal exhaling
with a CO, arrow back to the air illustrates respiration. Why: It demonstrates carbon returning to the atmosphere
from living things.

* Soil and Decomposers: Show dead plants/animals breaking down in soil. You might sketch mushrooms or bacte-
ria with arrows indicating carbon going into the soil and air through decomposition. Why: Decomposition recycles
carbon from dead matter back into the ground and air.

* Oceans as Carbon Sink: If space allows, depict the ocean absorbing CO, from the air. Why: The ocean is a major
carbon sink that takes up a lot of carbon dioxide from the atmosphere, helping regulate CO, levels.

* Human Activities (Factories/Cars): Draw a factory, car, or fire releasing smoke/ CO, into the air. Label it with
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activities like burning fossil fuels (coal, oil, gasoline). Why: It shows carbon sources — processes that add extra CO, to
the atmosphere. This addition can upset the natural balance of the carbon cycle.

- Arrows and Explanations: Use arrows to connect all parts (air — plant — animal — air, etc.). Provide brief text
or captions near each arrow explaining the process (e.g., “CO, used in photosynthesis,” “respiration releases CO,”).
This helps viewers follow the cycle and understand each step.

Carbon Cycle -3

* Burning Fossil Fuels — More CO, Emissions: Explain that activities such as driving cars, using electricity from
coal-powered plants, or flying planes burn fossil fuels. This releases extra carbon dioxide into the atmosphere (on top
of natural amounts). Analysis: More CO2 in the air means the atmosphere has extra carbon that the natural cycle
may not reabsorb fast enough.

* Deforestation — Fewer Carbon Sinks: Cutting down forests reduces the number of trees and plants. Fewer trees
mean less CO, is absorbed from the air by photosynthesis. Analysis: With forests gone, carbon that would have been
stored in wood or cleared from the air is now staying in the atmosphere, causing CO, o build up.

- Imbalance and Climate Impact: These human actions tip the carbon cycle out of balance. Normally, the carbon
cycle keeps CO levels steady, but extra sources (emissions) and reduced sinks (fewer trees/oceans if polluted) lead to
rising atmospheric carbon. This can contribute to global warming and climate change (because CO, traps heat).

- Suggested Solutions — Rebalance the Cycle: To help restore balance, we can take action:

0 Reduce Fossil Fuel Use: Use clean energy (solar, wind) and conserve electricity so we burn fewer fossil fuels.
For example, biking or walking instead of driving can lower CO, emissions.

0 Increase Carbon Sinks: Protect and plant trees (reforestation) so more CO, is pulled from the air by plants.
Support healthy oceans and wetlands, which also absorb carbon.

0 Personal Actions: Students might mention turning off lights, recycling, or anything that saves energy. Each
action can slightly reduce the carbon released or help absorb it.

* Outcome: The answer should conclude that by lowering carbon sources and increasing sinks, humans can help
keep the carbon cycle balanced, which protects our atmosphere and climate.

Carbon Cycle -4

- Forest — Lots of Carbon Absorption: In a forest, there are many plants and trees. Plants act as carbon sinks, con-
tinually taking carbon dioxide out of the air through photosynthesis. The answer should note that the forest absorbs
more carbon than it releases (e.g., “Trees soak up CO, and store carbon in their wood and leaves”).

[ Forest animals breathe out CO, and dead leaves/trees decompose, releasing carbon, but the vast plant life
means overall the forest usually absorbs more CO, than it emits. This is why forests are often called “carbon
sinks.”

- City — Lots of Carbon Emission: In a big city, there are fewer plants and a lot of human activity. Cities tend to be
carbon sources, meaning they release more CO, than they absorb. For example:
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0 Cars, buses, and factories in a city burn fuel and add CO, to the atmosphere (a source of carbon emissions).
0 There are not as many trees or green spaces to absorb CO,, so less carbon is pulled out of the air locally.
0 Buildings and roads dont absorb carbon, and if the city isn't green, the carbon mainly stays in the air.

- Key Differences — Why They Differ: A strong answer will explain the contrast: “In a forest, nature is doing the
work — lots of plants mean lots of CO, uptake, so the carbon cycle there leans toward storage of carbon. In a city,

human technology (cars, power plants) emits CO,, and with few plants around, the carbon cycle leans toward release
of carbon into the air.”

* Possible Data or Examples: Students might give examples or imagine measuring CO, levels: lower in a forest
during the day (when plants are photosynthesizing), higher in a city or near traffic. They could also mention ini-

tiatives like city parks or rooftop gardens which try to add more plants to a city to help absorb CO,. This shows an
application of understanding the difference.

Carbon Cycle -5

- Role-Play the Cycle: A student might suggest turning classmates into the carbon cycle. For example, assign roles:
one student is the Sun, some are trees, others are animals, one as the atmosphere, and so on. Use a small ball or sign

labeled “CO,” as the carbon token.

0 Demonstration Steps: The “atmosphere” student holds the CO, ball and gives it to a “tree” student — repre-
senting the tree absorbing CO, from air via photosynthesis. The tree student can hold up a green paper leaf

to show they’re using CO, to make food (and they could hand back an “O,” sign to the atmosphere to show
oxygen release).

0 Next, a “animal” student pretends to eat the leaf (takes the carbon ball from the tree) — showing carbon

moving into an animal. The animal then “respires” by handing the CO, ball back to the atmosphere student,
symbolizing breathing out CO.,.

0 Addadecomposer role: a “microbe” student can take carbon from a dead plant/animal (maybe a dropped
ball from tree/animal) and send it to the atmosphere (decomposition releasing CO,) or to a “soil” container.

0 Optionally, include a “factory” or “car” role: a student as a factory takes a carbon ball from the soil (fossil
fuel) and burns it by handing it to the atmosphere — showing combustion of fossil fuels releasing CO,.

0 Explanation: Each student would explain their part (e.g., “I'm a tree, I take in CO, to help me grow!” or
“I'm the atmosphere, I receive CO, from animals and fires.”). This shows all pieces of the cycle connecting.

* Building a Physical Model: Alternatively, an answer could describe a diorama or a rotating wheel diagram. For in-
stance, a poster with arrows and a spinning wheel that moves a carbon token through “Atmosphere — Plant — An-
imal — Soil — Atmosphere” cycles. Explanation of model: Each section of the model would be labeled with what
happens (photosynthesis, respiration, etc.) so that turning the wheel or moving a piece demonstrates carbon’s path.

- Simple Experiment Idea: A student might propose an experiment such as observing plant and animal interactions
with CO,:e.g., puta plant in a closed transparent container with a small animal or insect and observe condensation
or use an indicator to see CO, levels change. They should explain what they expect (the plant should absorb some
CO, and provide oxygen for the animal, illustrating balance). Another simple experiment: comparing two jars — one
with a plant and one without — to see how CO, levels differ over time (using a candle or indicator solution). The key
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is that the student describes how the experimental setup represents carbon cycle steps (plant jar simulates a carbon
sink, etc.).

* Clarity and Creativity: The sample answer should show the student understands each step they include. For ex-
ample, why the carbon moves from one place to another in their model. Creativity (like costumes for role-play or
inventive use of arrows and charts) is encouraged, but the explanation is essential — each part of the hands-on activi-
ty must tie back to a real carbon cycle process.

Carbon Cycle -6

* Breathing (Respiration): Every time we breathe out, we release carbon dioxide into the atmosphere. A student
should recognize “I exhale CO, when I breathe, which is my body sending carbon back into the air”. This is the same
process animals use — it’s a direct part of the carbon cycle (moving carbon from living things to the atmosphere).

- Eating Food: Our food contains carbon because it comes from plants and animals. For example, “When I eat an
apple (from a tree) or a burger (from a cow that ate grass), I'm taking in carbon that was in those living things.” That
carbon becomes part of our bodies. Later, we return some of it to the cycle (for instance, we breathe out CO,, or our
body releases carbon wastes). This shows how carbon moves through the food chain into us and out again.

- Using Electricity or Riding in a Car: Many everyday activities use energy that comes from burning fossil fuels
(unless we use green energy). A student might say, “When I turn on the light or play video games, a power plant might
be burning coal or gas to make electricity, which puts CO, in the air.” Similarly, “Driving to school in a car burns gaso-
line, creating CO, that goes into the atmosphere.” This links personal actions to the carbon cycle by showing we cause
carbon to move (from fuel underground into atmospheric CO,).

- Gardening or Planting Trees: If the student mentions helping in a garden or planting a tree: “When I water our gar-
den, I'm helping plants grow. Those plants take CO, from the air as they grow, which means I'm indirectly helping remove
carbon from the atmosphere.” This is a positive personal connection — being aware that plants in our yard or commu-
nity are part of the carbon cycle as carbon sinks.

- Trash and Composting: Another daily-life link is food waste or compost: “When food rots (decomposes) in a compost
heap or landfill, it releases carbon dioxide (and other gases like methane) as it breaks down.” This reminds us that even
throwing away stuff connects to the carbon cycle through decomposition.

- Reflection — Relationship with Environment: A thorough answer will conclude that everyone is part of the carbon
cycle. Our breathing, eating, and activities all exchange carbon with the environment. This tells students that what
they do can impact the cycle — for example, using less energy or planting trees can positively affect the balance, while
wasting energy or burning lots of fuel adds more carbon to the atmosphere. It highlights our responsibility in the
environment: we are not separate from nature’s carbon cycle; we're deeply involved in it every day.

Carbon Cycle -7

- Includes Key Stages (Scientific Facts in Creative Form): A good poem or song will mention the main parts of the
carbon cycle in a fun way. For example, it might have a line about carbon dioxide in the atmosphere being “sipped
by a leaf” (to represent photosynthesis), and later the carbon “floating away on the breeze from a creature’s breath”
(to represent respiration). The student should identify the facts behind these lines when explaining:

0 Facr I: Plants take in carbon dioxide to make food (photosynthesis) and give off oxygen. In the poem, this
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could be a verse about the plant “drinking sunlight and air” or similar.

0 Fact 2: Animals (including humans) release carbon dioxide by breathing out (respiration). The poem’s chorus
might be from a carbon atom’s view: “cycled out with every breath.”

- Additional Cycle Elements in the Poem: Great answers may also weave in other parts:

0 Decomposition: e.g., a line about “when life ends, I don’t disappear — I sink into soil and then reappear,”
hinting that decomposers return carbon to the environment. The student can explain this fact: carbon in
dead organisms goes into soil and back to air as things rot.

0 Fossil Fuels/Burning: e.g., a verse like “Ancient carbon underground, released when humans come around
— burning fuels, I rise as smoke,” to include the idea of stored carbon (fossil fuels) being released by combus-
tion. Explained fact: burning coal, oil, or gas turns long-stored carbon into CO, in the air.

* Rhyme, Rhythm, or Melody (Creativity): The poem or song should be engaging. It might rhyme or follow a
known tune. For instance, a song could be to the tune of “Twinkle Twinkle Little Star” with lyrics like: “Carbon trav-
els near and far, in the air and plants and stars...” — this isn’t scientifically detailed, but a good student response will
mix creative phrases with correct science.

- Explanation of Content: After the creative piece, the student should clearly point out at least two scientific facts
they included. For example: “In my second line, I wrote green leaves gobble gas from air,” which refers to plants taking
CO, from the atmosphere for photosynthesis. In the fourth line, creatures sigh it back at night refers to animals releasing
CO, when they breathe.” This explanation lets the teacher verify that the student understands the carbon cycle con-
cepts behind their poetry.

- Interdisciplinary Aspect: This question blends science with language arts (poetry/songwriting) and even music. A
top-tier answer might note how making a song or poem helped them remember the cycle (using musical/rhythmic
intelligence), but the main focus is that the poem/song must still convey accurate carbon cycle information in an
age-appropriate, creative way.

Carbon Cycle -8

- Greenhouse Effect — Trapped Heat: The answer should start by linking carbon dioxide to global temperature.
“Carbon dioxide is a greenhouse gas, which means it traps heat from the Sun in Earth’s atmosphere.” If there is too much
CO, in the air, more heat gets trapped, making the planet warmer overall. This is the basic science behind global
warming: normally the carbon cycle keeps CO, levels in balance, but an overload means extra warming,

- Climate Change Impacts: With a warmer atmosphere, climate patterns change. Students might mention:

0 Rising Temperatures Globally: “Overall, Earth gets hotter. Weve measured that recent years are warmer than
ever.” (They may recall facts like the warmest years on record have been in the past decade, etc., if discussed
in class.)

0 Melting Polar Ice and Rising Sea Levels: “In cold places like the Arctic, warmer air melts ice caps and glaciers.
This causes sea levels to rise, which can flood coastal areas.” For example, they could say islands or cities near the
ocean are at risk due to higher seas.

0 Extreme Weather: “Weather can get more extreme. Some places might have more heatwaves, or stronger storms
and hurricanes, because extra heat and Cl O, in the air can affect weather patterns.” A student might give an
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example: stronger hurricanes hitting coastal regions, or droughts in areas that become drier.

0 Ecosystem Changes: “Ecosystems struggle — forests might dry out (leading to wildfires), oceans become more acidic
(from absorbing too much CO,; |\ .\ 1\ beas ise haitat when ice met» LTS ShOWs they can connect carbon cycle

imbalance to environmental effects.

- Regional Example: The question asks for an example in a part of the world, so a good answer will pick one scenar-
io:

0 Polar Regions: “In the Arctic, extra warming has caused sea ice to shrink, harming animals like polar bears
and opening new sea routes.”

0 Coastal Cities: “Places like Bangladesh or Pacific Island nations might experience flooding from higher seas.”

0 Local Climate: The student could even use a local example, e.g., “Our hometown could get hotter summers
or more heavy rainstorms because the climate is changing with the increased CO,.”

* Cause and Effect Clarity: The explanation should clearly trace cause: too much CO, from an unbalanced carbon
cycle — effect: greenhouse effect strengthens — global warming — specific consequences: climate and weather changes
around the world. They should show they understand that the carbon cycle imbalance (often due to human activity
adding CO) is driving these changes.

* Possible Solutions or Mitigation: A student might also mention that because we understand this link, people
around the world are working to reduce carbon emissions (e.g., using renewable energy, planting trees) to bring the
carbon cycle back toward balance. While not explicitly asked, it demonstrates higher-level thinking to consider how
to address the problem.

- Interdisciplinary Note: This question connects science (carbon cycle and climatology) with geography and social
studies, since climate change effects are global. A well-rounded answer recognizes that what happens in the carbon
cycle can impact human communities and environments in various regions, reinforcing why understanding the
carbon cycle matters to everyone.

© 2026 ETC Montessori 13



Biogeochemical Cycles Research Questions
Answer Key

Rock Cycle

Rock Cycle-1

A good diagram shows magma cooling to form an igneous rock (e.g. granite or basalt). One
caption might read “Magma cools slowly underground to form igneous rock,” explaining
crystal formation. Another part shows an igneous rock exposed to weathering and erosion,
turning it intfo sand or clay sediment. A caption could say “Wind and water break rock into
pieces (sediment).” Next, illustrate compaction and cementation of those sediments into
sedimentary rock. Finally, show a sedimentary or igneous rock buried deep, with a caption
like “Heat and pressure deep underground change rock into metamorphic rock,” including
an example (e.g. limestone K marble). All labels (igneous, sediment, metamorphic, melting,
etc.) should appear, and each caption ties the picture to the rock cycle process.

Rock Cycle -2

Possible points: The rock begins as magma deep underground (“l glowed red-hot as mag-
ma, then cooled slowly into a granite (igneous) rock”). Later it moves upward by uplift;
weathering/erosion act on it (“Rain and wind chip pieces off me, forming tiny grains”). These
grains settle as sediment in a river or sea. Over time they compact into a sedimentary rock
(“Layer by layer, pressure and minerals glue my grains into sandstone”). If the rock is buried
under a mountain, heat and pressure transform it into metamorphic rock (“Under the Earth’s
weight, | became a shiny marble, a metamorphic rock”). Each key term (magma, erosion,
sediment, metamorphic) is used and explained in the narrative.

Rock Cycle -3

First convert: 3 meters = 3000 millimeters. At 3 mm/year, time = 3000 mm + 3 mm/year = 1000
years. Over these 1000 years, layers of sediment (sand, mud) pile up. Write the calculation:
“3000 + 3 = 1000". Next, explain rock formation: “These layers would be buried and squeezed
by weight. Minerals in groundwater cement the grains together. Over long time, they harden
into a sedimentary rock like sandstone or shale.” (You might cite how sedimentary rocks form
from compacted layers.)

Rock Cycle -4

Example 1: Plant Roots. “Tree roots grow into cracks in rocks and pry them apart. This physical
weathering breaks the rock into smaller pieces.” Some plants also release acids that chem-
ically dissolve minerals. Example 2: Animal Activity. “Burrowing animals (like earthworms or
rodents) churn the soil and rock fragments, mixing and exposing them so weathering contin-
ves.” Example 3: Shells and Corals. “Marine organisms (like clams, coral, plankton) build shells
of calcium carbonate. When they die, their shells accumulate as sediment. Over fime this
biogenic sediment forms limestone (a sedimentary rock).” Example 4: Coal Formation. " An-
cient plants in swamps were buried and compressed into coal.” Each example links a living
thing to a rock-cycle process.
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Rock Cycle -5

Example 1: Great Pyramid of Giza — mostly limestone (sedimentary rock). It formed from an-
cient marine sediments (calcium carbonate from shells and corals) compacted over millions
of years. Over geologic time these layers were uplifted and exposed. Use: “Limestone is used
for building and cement; the Egyptians quarried it for the pyramid blocks.” Example 2: Stone-
henge - sarsen sandstone (sedimentary). Sand grains cemented into rock. Humans used it
to build the monument. Example 3: Mount Rushmore — carved from granite (igneous rock).
The granite formed from cooling magma deep underground. Humans used it to sculpt pres-
idential faces. Example 4: City streets — often paved with granite or basalt (hard igneous) or
marble (metamorphic). Additional note: Some rocks shaped history — e.g. salt is literally rock
and was used as currency; gold and diamonds (minerals/rocks) drove gold rushes and econ-
omies.

Rock Cycle -6

Example verse:

“Deep beneath Earth’s heavy crust, magma cools to form solid trust;

Granite cradles history’s face — igneous rock by lava’s grace.”

Explanation: This means “Magma (molten rock) cooled underground to make igneous gran-
ite.” Another example verse:

“Rain and wind wear stones so thin; little grains flow through river’s din;

Layers stack on ocean floor — sedimentary rocks form once more.”

Explanation: This describes weathering/erosion breaking rock into sediment, which later com-
pacts into sedimentary rock. The sample uses terms magma, igneous, erosion, sedimentary.
Teachers should see that the student correctly uses rock-cycle vocabulary and connects it to
the processes.

Rock Cycle -7

Example game: “Rock Cycle Adventure.” Objective: Each player's token is a rock that must
travel through the cycle stages (magma — igneous — sediment — sedimentary — meta-
morphic — maybe back to magma) and reach “Mountain Summit.” Rules: Players take turns
rolling a die to move on spaces labeled with processes (e.g. Volcano, River, Mountain, Quar-
ry). Landing on “Volcano™ sends your rock back to Magma; “River” moves you forward by
weathering/sediment; “Uplift” takes you to metamorphic stage. Sample mechanics: Chance
cards (“Eruption! Go to magma,” “Long journey: become sediment!”). The board might illus-
trate volcano, canyon, mountain. Learning: Players learn the cycle order through gameplay.
(Any similar creative design that integrates science terms and logic is acceptable.)

Rock Cycle -8

Key comparisons:

0 Igneous: Forms by cooling of magma/lava. Crystalline texture. Example: Granite (intrusive, used in counter-
tops) or Basalt (extrusive, used in pavement).
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0 Sedimentary: Forms from compacted sediments (sand, shells). Often layered; may contain fossils. Example:
Sandstone (used in buildings) or Limestone (from marine organisms, used in cement).

0 Metamorphic: Forms when existing rock is transformed by heat/pressure. Texture often banded or foliated.
Example: Marble (from limestone, used in sculpture) or Slate (from shale, used in roofing).
Overlaps (in center): All are composed of minerals and can change from one type to another. Summary:
Igneous rocks crystallize from molten rock. Sedimentary rocks form from layers of deposited material. Met-
amorphic rocks form when existing rocks are “cooked” by earth’s heat/pressure. Each type’s unique features
and uses (e.g., granite for building, limestone for construction, marble for art) help distinguish them.
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Oxygen Cycle

Oxygen Cycle-1

- Describes how the leaf performs photosynthesis — taking in carbon dioxide and water, using sunlight to make
food, and releasing oxygen as a by-product.

* Mentions that during the daytime the leaf “breathes out” oxygen into the air, providing oxygen for animals and
people to breathe.

- Notes that animals (or humans) benefit from this oxygen — for instance, the leaf might “see” a child or animal
breathing in the oxygen it released, showing the connection between plant and animal.

- Might include that the leaf also takes in the carbon dioxide that animals exhale, completing a cycle (the leaf enjoys
a “gift” of CO, from living creatures and returns O, to them).

* Shows creativity (written as a story or diary) while accurately depicting the leaf’s crucial role in producing oxygen
for the atmosphere.

Oxygen Cycle -2

* One character (e.g. a rabbit or human) says, “I need oxygen to breathe!” and explains that it inhales O, and ex-
hales CO, (the process of respiration in animals).

- The other character (e.g. a tree or flower) responds that it uses that CO, along with sunlight to make food and
then releases oxygen back into the air (describing photosynthesis).

* 'The dialogue highlights that plants and animals depend on each other: the plant provides O, for the animal, and
the animal provides CO, for the plant.

- Shows higher-level insight by perhaps having the plant thank the animal for the CO,, and the animal thank the
plant for the O,, emphasizing a mutual exchange that keeps the atmosphere in balance.

* Creative element: The conversation is written in a fun, story-like way (or drawn as a comic), but it correctly in-
cludes the science of gas exchange (oxygen and carbon dioxide cycling).

Oxygen Cycle -3

* Predicts that dead organic matter would pile up without decomposers — fallen leaves, dead animals, etc., would
accumulate since nothing breaks them down.

- Explains that normally decomposers use oxygen and break down dead matter into nutrients and carbon dioxide.
Without decomposers, this CO, would not be released back into the air.

- Infers that plants would eventually have less carbon dioxide available for photosynthesis, so they couldn’t produce
as much oxygen. The oxygen cycle would slow or become unbalanced.

* May note that oxygen levels could initially stay higher (since no O, is being used by decomposers), but in the long
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term, nutrient recycling stops — plants might suffer from lack of nutrients/CO,, leading to less O, production.

- Concludes that the absence of decomposers would disrupt the oxygen cycle and the whole ecosystem (nutrients
wouldn’t return to soil, plants cant grow well, less oxygen for animals), illustrating the critical role of decomposition
in the cycle.

Oxygen Cycle -4

- Identifies major oxygen “reservoirs” from the diagram and prior knowledge: atmosphere (oxygen gas O, in the air
~21% of air is oxygen), hydrosphere (oxygen in water — both chemically in H,O and as dissolved O, for aquatic
life), lithosphere (oxygen in rocks/soil, such as oxides and minerals), and the biosphere (oxygen within living organ-
isms” bodies).

- Notes that a huge portion of Earth’s oxygen is actually locked up in solid form: for example, nearly 46% of the
Earth’s crust by weight is oxygen, bound in minerals like silica (sand/quartz is silicon dioxide). Oxygen in rocks (ig-
neous, sedimentary) exists as oxides (like iron oxide rust, calcium carbonates, etc.), not as breathable O,.

- Explains that only the oxygen in the atmosphere (as O, gas) or dissolved in water is directly usable for breathing.
Oxygen in water molecules or rocks is part of chemical compounds and not accessible for animals to breathe or for
immediate use by plants.

- Connects this to the oxygen cycle: since most oxygen is trapped in water and rocks, the free oxygen in the air is
precious for life. Plants (through photosynthesis) continually refill the atmosphere’s O,, and without that, breathable
oxygen would run out despite large total oxygen on Earth being in other forms.

- (Students might include a drawn diagram or table showing “Air — O, gas (available to life); Water — H,O and
dissolved O,; Rocks — oxides (not breathable); Living things — in molecules”. This demonstrates understanding of
oxygen reservoirs and their availability to the oxygen cycle.)

Oxygen Cycle -5

- Identifies a negative human activity such as deforestation (cutting down trees) and explains it means fewer trees
to do photosynthesis. With fewer trees, less oxygen is produced and less CO, is absorbed, upsetting the balance. (If
those trees are burned or decay, that releases extra CO,, further increasing carbon dioxide in the air.)

* Or, identifies burning fossil fuels (in cars, factories as hinted by the car in the diagram). Explains that burning fuel
uses up oxygen and releases lots of CO,. Over time this can very slowly lower oxygen levels and increase CO, in the
atmosphere, contributing to global warming.

* May mention other impacts: e.g. pollution in water causing algal blooms — when the algae die, decomposers use
up oxygen, creating low-oxygen “dead zones” in oceans or lakes where fish cannot survive. This shows how human
pollution can reduce available oxygen for living things.

- Provides a solution or positive action: for example, planting trees and protecting forests to increase oxygen pro-
duction, or reducing fossil fuel burning (using clean energy, driving less) to consume less oxygen and emit less CO,.
Students might also suggest reducing pollution to keep water oxygen-rich for aquatic life.

* Concludes that human actions can either disrupt or help the oxygen cycle. Positive choices (like reforestation,
cutting emissions) help maintain the O,-CO, balance, whereas negative actions (deforestation, pollution) harm the
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balance. This shows an evaluative understanding of our role in Earth’s oxygen cycle.

Oxygen Cycle -6

- Explains that fish and aquatic animals breathe oxygen dissolved in water — they use gills to take in O, from the
water. If there’s not enough dissolved oxygen, aquatic animals can suffocate.

* Describes how oxygen gets into the water: one source is the atmosphere (oxygen from air dissolves into the surface
of water), and another source is aquatic plants and algae. Underwater plants, including microscopic phytoplankton,

perform photosynthesis and release oxygen into the water just like land plants do. In fact, tiny ocean phytoplankton
produce roughly half of the Earth’s oxygen! (Students might note that plankton in the sunlit ocean are huge oxygen

producers, even more than all the rainforests.)

- Connects to the cycle: aquatic plants/algae take in CO, (some of which dissolves from air or comes from animal
respiration in water) and, with sunlight, make O, that dissolves in the water. Fish and other animals then use that
O, and give off CO,, which the plants can use — a parallel to the land oxygen cycle, but in water.

* May mention that moving water (waves, currents) helps mix air and add oxygen to water, whereas still water can
run low on oxygen. Also, if water is polluted (for example too many nutrients causing algal bloom), when those
algae die, bacteria may use up oxygen and create areas with very low oxygen (dead zones). This shows the importance
of keeping water clean for the oxygen cycle.

- The drawn scene might include fish with arrows showing O, going into their gills, plants releasing O, bubbles,
and CO, arrows from fish to plants. A caption or explanation notes that aquatic plants/algae are producers of oxygen
in water and sustain aquatic life, integrating marine science with the oxygen cycle concept.

Oxygen Cycle -7

* Proposes a creative dramatization: for instance, one student is the Sun providing light, one or more are Trees (plant
roles) that “inhale” CO, and, with the Sun’s help, then “exhale” O,. Other students are Animals that breathe in the
O, from the plant and breathe out CO, back to the plant. This can be shown with simple props or signs (e.g., an
“O,” sign that gets passed from the tree to the animal, and a “CO,” sign passed from the animal to the tree).

- Includes a Decomposer character (maybe someone acting as a fungus or worm). The decomposer “breaks down”
a dead leaf or log prop. In the skit, the decomposer would use oxygen to do this and release CO, (handing a “CO,”
sign back into the air or to the plant). This highlights decomposition as part of the cycle.

- Emphasizes the flow of oxygen and carbon dioxide: The performance shows a continuous loop — Sun — plant
makes O, — animal uses O, and makes CO, — decomposer also uses O, and makes CO, — plant uses CO, again.
The roles should clearly narrate or demonstrate their part (e.g., the “tree” might say, “I use sunlight to turn CO, into
O,!” while the “animal” pretends to breathe).

- Demonstrates understanding by explaining each step: The plant role produces oxygen through photosynthesis, the
animal role performs respiration by using oxygen and releasing carbon dioxide, and the decomposer role also uses

oxygen to break down matter, returning carbon dioxide to the air. Optionally, an “Atmosphere” role (a group of stu-
dents holding an O, balloon) could show the reservoir of oxygen that everything is drawing from or contributing to.

- 'The answer is hands-on and interpersonal — it might mention students holding hands or passing balls labeled “O,/
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CO,” to physically represent molecules moving. This kinesthetic model supports different learning styles and shows
the interdependence of each part of the cycle in a memorable way.

Oxygen Cycle -8

* Uses a factual reference (for example: “One large tree can provide a days supply of oxygen for up to four people”) to
start the estimate. For ~30 people, a student might calculate that about 8 large trees would be needed to supply
enough oxygen (since 4 people per tree x 8 trees = 32 people, roughly covering 30 people).

- Alternatively, uses a yearly estimate: e.g., “Two mature trees can provide enough oxygen for a family of four for a year”,
which implies one tree supports two people for a year. By that data, for 30 people youd need about 15 trees to pro-
duce a year’s oxygen supply.

- Shows the calculation clearly (demonstrating logical-mathematical thinking): for instance, “If 1 tree — 2 people,

then for 30 people: 30/2 = 15 trees.” Or, “I tree — 4 people (daily), so 30/4 = 7.5, about 8 trees for 30 people per day.”

- Discusses the result: Even a small class needs a number of trees working full-time to supply oxygen. This highlights
why forests (with thousands of trees) are crucial for providing enough oxygen for Earth’s population.

- Concludes that we depend on having lots of plants: if we cut down too many trees or destroy forests, there might
eventually be less oxygen (and more CO,) for everyone. Students might reflect that this math reinforces the idea that
protecting and planting trees is important to keep the oxygen cycle in balance for the large number of people (and
animals) that need O,.
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Calcium Cycle

Calcium Cycle-1

- Sample Answer: Students might say: “We dropped vinegar (acid) on a piece of chalk (limestone) and saw fizzing,
meaning the calcium carbonate dissolved. This shows acid weathering: CO, in rainwater makes carbonic acid that
slowly dissolves rocks. The calcium (Ca?*) goes into water (groundwater/rivers) after dissolving. A good answer notes
that acid rain would do the same on limestone outdoors.”

- Sample Answer: “A strong response includes data and explanation: e.g. ‘1 teaspoon of baking soda (limestone) fizz-
es for 30 seconds in vinegar; 2 teaspoons fizz longer (about 60 seconds). More limestone took more time, showing
more CaCOj dissolves. This models how larger rocks take longer to weather.”

Calcium Cycle -2

- Sample Answer: “In a story example, the calcium ion starts in a mountain (released by weathering) and flows into
soil. A plant root takes it up, using it to make strong cell walls. An animal eats the plant and uses calcium to build
its bones or shells. After the animal dies, decomposers break it down and return the calcium to the soil. Finally, rain
washes the calcium into a stream and it ends up in the ocean, where shell-building creatures use it again.”

- Sample Answer: “A good comic might show: Mountain rock + rain — Ca?— in water; plant growing — Ca?—
in stem; sea creature — forms a shell; shell sinks on seafloor — forms limestone after millions of years. The answer
should make clear it’s a cycle (the calcium ion ends up back in rock).”

Calcium Cycle -3

- Sample Answer: “Students might report: ‘Shells fizz and slowly dissolve in vinegar. This is because the shells are
made of calcium carbonate and the acid dissolves them. It shows that if ocean water becomes acidic (from human

CO,), shells and corals could dissolve.””

- Sample Answer: “A complete answer links this to human impact: “We observed tiny bubbles (CO,) and pieces of
shell breaking apart. This means ocean acidification (from extra CO,) harms marine animals with shells. The experi-

)

ment models how coral reefs might weaken in more acidic oceans.”

Calcium Cycle -4

0 Sample Answer: “Students should calculate: 40% of 5 g = 2 g of Ca, and 40% of 10 g = 4 g of Ca. A good
answer shows work: 5 g x 0.40 = 2 g; 10 g x 0.40 = 4 g’ The explanation should say this amount of calcium
would be released into water when the limestone dissolves.”

0 Sample Answer: “They might add: ‘Since calcium makes up about 40% of CaCO3, 5 g limestone — 2 g Ca,
10 g — 4 g Ca. This tells us that weathering even small rocks adds a measurable amount of calcium ions to
soil and water.” A thorough answer notes that increased rock weathering (more Ca released) can affect down-
stream ecosystems.”
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Calcium Cycle -5

- Sample Answer: “A good response might point out examples like the White Cliffs of Dover (England) made of
chalk (calcium carbonate), the Appalachians (USA) with limestone caves, and coral reefs (e.g., Great Barrier Reef in
Australia). Students should explain that these were once marine environments: shells and skeletons of sea creatures
accumulated and formed limestone. Tectonic uplift and erosion then exposed these calcium-rich rocks.”

- Sample Answer: “For instance: “The Rocky Mountains have marble and limestone (ancient seas), Florida has
limestone bedrock, and coral atolls in the Pacific are living calcium. These areas formed from shells or sea sediments
which are high in calcium carbonate. Over time they became mountains or reefs.” Diagrams or colored maps with
labels would strengthen the answer.”

Calcium Cycle -6

- Sample Answer: “An answer should describe two plants: one with added calcium (egg shells/lime) and one normal.
They might predict the extra-calcium plant grows stronger stems and healthier leaves, because calcium stabilizes
plant cell walls. A complete answer includes measurements (e.g., plant height each week) and observations. For ex-
ample: ‘After two weeks, the plant with eggshells is taller and has sturdier leaves; the control is smaller.” They explain
this by saying calcium helps transport nutrients and support cells.”

- Sample Answer: “Students could say: “We added ground egg shells to one plant’s soil. That plant’s leaves turned
greener and it grew 3 cm more than the other. This suggests calcium improved soil nutrients. Calcium helps plants
grow strong (cell walls, enzyme activity).” Mention of pH change (making soil less acidic) or improved nutrient up-
take would show deeper understanding.”

Calcium Cycle -7

- Sample Answer: “A sample answer describes: “We made a box with layers. On the bottom we put blue clay (ocean)
and white pebbles (shells). Then we covered it with tan clay (sand/silt) and pressed down. We labeled it: shells settle
on the seabed, get buried, and after millions of years pressure cements them into limestone. The top layer shows rock
forming. Each layer and its label should match the cycle.””

- Sample Answer: “Alternatively: ‘Using modeling clay, I shaped many tiny shells, layered sand on top, and pressed.
My explanation: “Shells and skeletons fall to the ocean floor and slowly get buried by more sediment. Minerals glue
them into limestone rock. In the model, pushing the layers together simulates pressure over time.””

Calcium Cycle -8

* Sample Answer: “Students might report: “The gardener said they add lime (calcium carbonate) to raise the soil’s
pH and give plants nutrients. This means we’re putting extra calcium into the soil on purpose. A good answer notes
that this human addition boosts soil calcium above natural levels, altering the cycle. They might mention fertilizer
with calcium or compost with egg shells.””

- Sample Answer: “An excellent answer could include: “They use bone meal or eggshells for calcium. The farmer
said it helps plants grow and prevents leaf curl. I learned that adding lime helps counteract acid rain too. This shows
humans return calcium to soil, changing where calcium is found naturally.” Mentioning sinkholes or mining effects
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Nitrogen Cycle

Nitrogen Cycle-1

- Begins with the nitrogen atom in the atmosphere (N, gas) unable to be used by plants or animals until it’s fixed by
lightning or special bacteria into a usable form. For example: 7 was floating in the air until a lightning bolt helped me
bond with oxygen, turning me into nitrate that fell with the rain”.

* Describes nitrogen fixation correctly — e.g. bacteria in soil (often on roots of peas/beans) or lightning convert N,
gas into ammonia or nitrates that plants can use. This allows the nitrogen atom to enter the soil and be absorbed by
a plant.

* Mentions nitrification — soil bacteria changing ammonia into nitrates — and then plant uptake (assimilation) — the
plant’s roots absorbing the nitrates so the nitrogen becomes part of the plant (perhaps the nitrogen atom becomes
part of a leaf or a fruit).

- Includes the consumption step: an animal eats the plant, so the nitrogen atom becomes part of the animal. For
example: A rabbit munched on the leaves, and now I was in the rabbits body helping build its proteins!” This shows
understanding that animals get nitrogen by eating plants.

- Explains ammonification (even if not by name) when the journey continues after the plant/animal dies or produc-
es waste. Describes decomposer microbes breaking down the material and releasing nitrogen back into soil as ammo-
nia. e.g. “When the rabbits droppings fell on the ground, bacteria went to work turning my nitrogen into ammonium in
the soil”.

- Ends with denitrification: bacteria in the soil convert nitrates/nitrogen compounds back into N, gas, sending the
nitrogen atom back to the atmosphere. For instance: “Finally, some bacteria freed me as nitrogen gas, and 1 floated up
into the sky again’.

* Creativity & Accuracy: The story is engaging (e.g. a playful narrative of “Nigel the Nitrogen”) and scientifically ac-
curate. It mentions each key process by name or description and in the correct order, demonstrating understanding
of how nitrogen cycles through ecosystems.

Nitrogen Cycle -2
- Covers All Stages: The drawings collectively illustrate major nitrogen cycle stages:

0 Nitrogen in the atmosphere being converted to a plant-available form (e.g., a cloud and lightning with a
note about nitrogen fixation creating nitrates that rain down). Alternatively, a root nodule on a bean plant
with smiling bacteria saying “We fix nitrogen for the plant!”.

0 Nitrification in soil (a cartoon soil scene with bacteria converting ammonia to nitrates, perhaps showing a
bacteria character saying “Time to turn ammonia into nitrates for plants”).

0 Plant uptake (a plant root absorbing nitrates, labeled “Plant drinks up nitrogen” — illustrating assimilation of
nitrates by the plant roots).

0 An animal eating the plant (for instance, a cow or rabbit character saying “Yum, nitrogen-rich plants!” indi-
cating nitrogen moves into the food chain).
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0 Decomposition and ammonification (a panel with a decaying plant/animal and fungi or bacteria breaking
it down, releasing ammonia back into soil — possibly depicted by a banana peel or leaf litter saying “We're
decomposing, releasing nitrogen”).

0 Denitrification (the final panel might show bacteria releasing N, back to the air — e.g. a microbe character
with a balloon labeled “N,” floating up, captioned “Denitrification: back to the air!”).

- Labels & Explanations: Each panel is labeled with the process name and a one-line explanation. For example, a
root panel labeled “Nitrogen Fixation — bacteria in roots turn N, gas into nitrates,” or a cloud panel labeled “Light-
ning fixes nitrogen (N, — NOj)” with a note that nitrates enter the soil with rain. The use of correct terminology
(fixation, nitrification, etc.) demonstrates understanding of each process.

* Multiple Elements: The comic integrates art and science. It might also include a human impact element if appro-
priate (e.g., a farmer character adding fertilizer in a panel, with a note “Fertilizer adds more nitrate” and perhaps
foreshadowing runoff). This isn't required but shows higher thinking by connecting human activity to the cycle.

* Visual Creativity: The student uses color or imaginative characters (like a “Nitrogen Knight” or helpful bacteria
with capes) to make the cycle memorable. However, the scientific content remains accurate — e.g. arrows show the
direction of nitrogen movement, and each major arrow corresponds to a real process. A well-done comic could effec-
tively teach someone else the nitrogen cycle, indicating the student’s strong grasp of the topic.

Nitrogen Cycle -3
- Complete Representation: The model includes all major components of the nitrogen cycle:

0 Atmosphere: represented by something like a cloud or blue ball (with a label “Atmospheric N,”). It indicates
that most nitrogen starts as N, gas in the air.

0 Nitrogen Fixing Step: clearly shown by, for example, a clay root nodule on a plant with a label “Nitrogen-fix-
ing bacteria” where an arrow goes from the atmosphere to the soil. The explanation notes that these bacteria
(or a lightning bolt figure) convert N, gas into ammonia/nitrates in soil.

0  Soil Compartment: soil could be a box or tray with labels for nitrification and ammonification processes. For
instance, a section of the soil has a “nitrifying bacteria” piece showing conversion of ammonium to nitrates,
and another part shows decomposers for ammonification (with a tag like “decomposers turn dead matter to
ammonium”).

0 Plants: a model plant (made of paper, clay, or a potted real plant) with roots in the “s0il.” An arrow from soil
to the plant is labeled plant uptake (assimilation), indicating the plant absorbing nitrates. The plant might
have a label “plant proteins/ DNA” to link that it’s using nitrogen to grow.

0 Animals: a model animal (toy or clay animal) with an arrow from the plant to the animal labeled “feeding:
nitrogen moves to animals.” The explanation would mention animals get nitrogen by eating plants.

0 Decomposers: a section showing a fallen leaf or animal with mushrooms/bacteria figurines, labeled decompo-
sition (ammonification) — nitrogen compounds from dead organisms returning to soil as ammonia.

0 Denitrification: an arrow from the soil back to the atmosphere, perhaps with a little bacterium figure labeled
“denitrifying bacteria — release N, gas”.
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* Process Labels & Explanations: Each key process is tagged on the model. In a presentation or written description,
the student explains each tag. For example: “This part shows nitrification — bacteria in soil changing the ammonia from
decomposers into nitrates that plants can use.” The explanation should use correct terminology and demonstrate the
student knows what happens at each step (not just naming it).

* Creativity and Effort: The model is put together thoughtfully. For instance, the student might use arrows or yarn
of different colors to represent different forms of nitrogen (blue for N, gas in air, green for nitrates in soil, etc.), or
even include a legend. If it’s a skit, each student acting a part explains their role (e.g., the “bacteria” student shouts
“I'm fixing nitrogen!” when attaching to the “plant” student’s roots). The creative aspect (arts & crafts or drama)
engages bodily-kinesthetic and visual intelligences while reinforcing the science concepts.

* Accuracy: A strong model correctly shows the cycle’s loop (it should be possible to start at any point and follow
through all steps back to the start). A teacher evaluating it would check that no major part is missing (e.g., if a
student forgot denitrification or thought nitrogen just disappears, that would be inaccurate). A good model clearly
shows nitrogen is recycled continuously in different forms, aligning with the scientific diagram.

Nitrogen Cycle -4

- Proper Graph: The student’s bar graph has two bars — one at 30 cm and one at 20 cm — with labels or a legend
identifying which is which. The axes are labeled (e.g., x-axis: Treatment (Nitrogen vs. No Nitrogen), y-axis: Plant
Height in cm). The graph is neat and correctly reflects the data provided.

* Observation from Data: In explaining the results, the student notes that the plants given extra nitrogen grew
significantly taller (30 cm vs 20 cm). They recognize that nitrogen helped the plants grow stronger. For example:
“The fertilized plants were 10 cm taller on average than the ones without nitrogen.” This shows nitrogen is an important
nutrient for plants.

- Connection to Nitrogen’s Role: The answer should mention why the added nitrogen made a difference. A strong
response might say: “Nitrogen is crucial for plants because its a key part of proteins and DNA that help plants build their
tissues. With more available nitrogen, the plants could make more proteins, grow more leaves, etc., so they grew taller and
healthier.” This links the observation to the science (nitrogen as a nutrient for growth).

* Percentage Increase (optional math extension): If the student calculates the percentage, they would compute that
10 cm increase on a base of 20 cm is a 50% increase in height. They might state: “30 em is 150% of 20 cm, meaning
the fertilized plants were 50% taller than the others.” Including this math shows logical-mathematical intelligence and
quantitative understanding of the benefit.

- Considering Environmental Impact: An excellent answer might go further and caution that more nitrogen isn’t
always better beyond a point. For instance: “This experiment shows nitrogen helps plants grow. However, in nature

or farming, if you add too much fertilizer it can wash away and cause problems in water systems. So we need the right
balance.” This indicates higher-level evaluation — the student is relating the simple experiment to real-world issues of
fertilizer use and runoff.

- Evaluation: Teachers should look for a clear graph (visual-spatial skills), a scientifically sound explanation of why
the nitrogen made a difference (science understanding), and any extended thinking like calculations or environmen-
tal caveats as bonus analysis. The core is that the student recognizes nitrogen’s positive effect on plant growth and
connects it to the nitrogen cycle (e.g., fertilizer providing nitrates that plants uptake for growth).
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Nitrogen Cycle -5

- Cause — Nitrogen Runoff and Algal Bloom: A good answer will explain that excess fertilizer adds too much nitro-
gen (usually in the form of nitrates) to the soil. Not all of it is taken up by the crops; rain can wash the extra nitrates
from the fields into the nearby pond — a process called runoff or leaching. This suddenly gives aquatic algae a surplus
of nutrients. The student should note that algae love nitrates, so they grow rapidly (an algal bloom). For example:
“The fertilizer from the farm was carried by rain into the pond, giving the algae a feast of nitrogen. That's why the pond
turned green with lots of algae.” This shows understanding that nitrates intended for plants can end up in water, dis-
rupting the nitrogen balance in an ecosystem.

- Effect — Oxygen Depletion and Fish Death: The answer should include what happens next: the overgrown algae
eventually die and decomposers break them down, which uses up a lot of oxygen in the water. With less oxygen, fish
and other aquatic animals suffocate (this process is part of eutrophication). The student might describe: “When the
algae die, bacteria decompose them and use up oxygen, so the water doesn’t have enough oxygen for the fish, causing them
to die.” This connects nitrogen enrichment to a chain reaction harming the ecosystem. Using terms like “eutrophica-
tion” or “algal bloom” is a bonus but not required if the concept is explained.

* Human Impact Acknowledged: The explanation recognizes this as a human-caused imbalance in the nitrogen
cycle — an example of how humans introducing excess nitrogen (via fertilizer) can negatively impact ecosystems.
This might be phrased as: “Normally, nitrogen is recycled in balance, but here humans added too much. The natural cycle
couldn’t handle it, leading to pollution.”

- Solutions — Agriculture and Environmental Management: The student proposes at least two realistic solutions.
Strong solutions include:

0 Using less fertilizer or precision application: e.g. “The farmer can reduce the amount of fertilizer or apply it in
smaller doses so plants absorb most of it and little is left to wash away.” This shows understanding that modera-
tion can prevent excess nitrates from leaching.

0 Buffer zones: “Planting grass or buffer strips, or trees between the field and the pond can catch runoff. The plants
there will take up the extra nitrogen before it reaches the water.” This uses knowledge that plants (especially
things like wetland plants or grasses) can soak up nitrates — possibly connecting to the nitrogen cycle step of
plant uptake again, but in a protective role.

0 Natural fertilizers/soil management: “Use compost or plant legumes (cover crops) that add nitrogen naturally to
the soil. That way theres less need for artificial fertilizer, and it releases slower, so it less likely to wash away.” This
incorporates an understanding of nitrogen-fixing plants (peas, beans) improving soil nitrogen without as
much runoff risk.

0 Improved drainage or pond aeration: “The community could create a wetland or ditch that filters water before
it enters the pond. Also, aerating the pond (adding oxygen) can help fish temporarily.” These show systems think-
ing — using ecosystem approaches (wetlands facilitate denitrification and uptake, returning nitrogen to air
harmlessly).

0 Education and timing: “Teach the farmer about the issue. Maybe apply fertilizer at times when heavy rain is less
likely, so it has time to soak in rather than wash off.” This addresses human behavior changes.

- Quality of Reasoning: The best answers explicitly tie solutions back to the nitrogen cycle. For instance, mentioning
that a wetland can perform denitrification to remove nitrates before water enters the pond, or that legumes (cover
crops) perform nitrogen fixation and reduce need for synthetic fertilizer. Also, an awareness of balancing human

© 2026 ETC Montessori 27



Biogeochemical Cycles Research Questions
Answer Key

needs (crop yield) with environmental health shows evaluation.

- Interdisciplinary Aspects: The student is using science (biology/ecology of nutrient cycles) and also environmental
stewardship ideas. They might also touch on geography if they mention how water carries pollution downstream (a
“watershed” concept). This demonstrates an integrated understanding. Teachers should look for clear cause-effect
linkage (fertilizer — nitrates runoff — algae growth — oxygen drop — fish die) and feasible, informed solutions,
rather than generic answers. Supporting details from the nitrogen cycle (like naming nitrates or bacteria) indicates a
higher-level response.

Nitrogen Cycle -6
* Accurate Viewpoints: Each character’s statements reflect their stake in the nitrogen cycle:

0 'The Farmer emphasizes the benefit of nitrogen for crops: e.g. “I need to add fertilizer so my corn grows tall
and yields enough food. Nitrogen helps plants grow strong!” This shows understanding that fertilizers are used
to increase crop productivity (nitrogen as a nutrient). The farmer might not initially realize the downstream
effects.

0 'The Fish or Fisherman describes the negative impact: e.g. “Ever since the excess fertilizer started washing into
my river, weve had big algae blooms. The water smells bad, and my fish friends are dying due to low oxygen.” This
brings out the consequence of runoff in a personal way and aligns with the earlier scenario (algal blooms
from too much nitrate).

0 'The Scientist/Environmentalist provides explanation and facts: e.g. “When it rains, nitrates from the fertilizer
leach into the water. Algae feast on those nutrients and grow out of control, which can lead to oxygen being used up
when they decay. We call this eutrophication. Also, the soil bacteria can only process so much — some of that nitro-
gen ends up in places it shouldn’t.” This character should mention key processes or terms — perhaps explaining
denitrification or runoff — in kid-friendly terms. They could also note human impacts: “Humans have dou-
bled the natural rate of nitrogen entering ecosystems, which is why we see these problems.”

0 'The Plant character can add: 7 do need nitrogen to grow — it’s like my food for making proteins and DNA. But
1 can only take a certain amount through my roots. If theres too much, I cant use it all.” The plant might also
“thank” the bacteria that fix nitrogen, showing knowledge of symbiosis: “My friends the bacteria on my roots
help me by fixing nitrogen from air for me.” This ensures the role of nitrogen fixation is included.

* Conflict and Resolution: The dialogue should show some debate — e.g. the farmer might say, “Without fertilizer,

I can’t grow enough food to sell,” and the fisherman retorts, “But your fertilizer is killing our fish,” etc. The scientist
can mediate with facts and propose solutions. In a strong response, the characters work toward a solution or com-
promise by the end. For example, they agree on balanced fertilizer use or alternative practices: “Farmer: Maybe I can
use less fertilizer and plant some cover crops that add nitrogen naturally. Scientist: Yes! Legume cover crops (like beans) can
[fix nitrogen from the air, reducing the need for synthetic fertilizer. Fisherman: And perhaps a buffer of plants can be added
near the river to trap excess nitrate.” This solution-oriented ending shows evaluation — the students aren’t just listing
problems but also integrating knowledge to solve them.

* Multiple Disciplines: The activity clearly ties science content to a language arts format (script/dialogue) and also
touches on social studies (how different community members are affected). The student might write the dialogue as
if it were a short play. If performed, it engages interpersonal intelligence; if written, it engages linguistic skills.

- Evaluation Criteria: Teachers should check that the conversation includes factual scientific content — e.g., mentions
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of nitrates, bacteria, or named processes — not just vague statements. Each character’s viewpoint must be grounded in
how the nitrogen cycle affects them (positive or negative). A top-tier response will demonstrate empathy (seeing the
issue from multiple sides) and synthesis of ideas (finding a balance that acknowledges the farmer’s need for nitrogen
and the environment’s need for protection). This exercise assesses understanding of human impacts on the nitrogen
cycle and the ability to communicate science in a creative, persuasive way.

Nitrogen Cycle -7

* Understanding of Fossil Fuel Impact: A strong poster will clearly show that burning fossil fuels releases nitrogen
oxides (NOy) into the atmosphere. For example, the student might draw a car exhaust or factory smokestack with
labels like “NOx” or “Nitrogen gases” coming out. They should note that these gases are air pollutants that can lead
to acid rain and smog. An explanation might read: “When we burn gasoline or coal, it doesn’t just produce CO,, it also
creates nitrogen oxide gases. These gases mix with water in the clouds to form nitric acid, which falls as acid rain.” This
indicates the student researched or recalled that nitrogen oxides are a cause of acid rain (along with sulfur dioxide).

* Connection to Nitrogen Cycle: The poster or description should connect these emissions to the nitrogen cycle. For
instance: “Burning fuels adds reactive nitrogen to the air that wouldn’t be there in such high amounts naturally. Eventual-
by, these nitrogen compounds come down (via rain or dust) into soils and water, adding extra nitrogen to ecosystems.” This
is basically describing how human activities like fossil fuel combustion are altering the nitrogen cycle by increasing
the amount of biologically available nitrogen worldwide. The student might phrase it simply: “Normally, bacteria
and lightning fix nitrogen. But cars and factories are now also ‘fixing’ nitrogen in a way, creating nitrates and nitrites
that fall to Earth and cause imbalances.”

- Consequences Illustrated: The poster should depict or list problems like acid rain damaging forests and lakes, or
nutrient pollution from atmospheric deposition. For acid rain, a drawing could show a cloud labeled “Acid Rain”
raining on a forest or a lake with fish, with a caption like “NOy + H,O = Acid Rain (bad for trees and fish).” The
student might mention that acid rain harms plants, soils, and aquatic life (for example, by making soil too acidic and
washing away nutrients). Another consequence is smog or respiratory issues, which could be mentioned: “Nitrogen
pollution can cause smog, making it hard for people to breathe in big cities.”

- Solutions/Actions: The poster isn't just doom and gloom — it should encourage ways to reduce the problem. Good
suggestions include: “Use public transportation or carpool to burn less fuel (fewer NO, emissions),” “Support clean energy
(solar, wind) that doesnt produce NO,” “Install catalytic converters and filters on cars/factories to remove NOX from
exhaust,” or even planting trees (though trees help more with CO,, they somewhat help nitrogen by improving air
quality generally). The key is that the student shows there are steps to mitigate human impact on the nitrogen cycle.

* Creativity and Clarity: Visually, the poster should be clear and engaging — big titles, bold drawings. For example, a
catchy slogan like “No NO !” (playing on NO_meaning nitrogen oxides) or “Keep the Rain Clean — Reduce Nitro-
gen Pollution.” The student might draw a before-and-after: one scene with lots of cars and factories (dirty sky, acid
rain), and another with clean energy sources (sun, wind turbines, bicycles) and a healthy ecosystem.

* Accuracy: Any text on the poster or explanation should be scientifically accurate. If a student claims something
like “acid rain is pure acid,” that’s not accurate (should note it’s weaker acid but harmful over time). A good poster
might explicitly mention nitric acid (HNOj3) as a component of acid rain formed from NOx, but at a minimum
“nitrogen oxides cause acid rain” is correct. It may also note that nitrous oxide (N,O) from burning fuel is a green-
house gas and affects climate — that would be a sophisticated addition.

* Evaluation: Teachers should look for a correct link between fossil fuel burning and nitrogen cycle disruption. Did
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the student convey that this is another way nitrogen gets into ecosystems (beyond natural bacterial fixation) and
that it has bad side effects? Is there an element of advocacy or solution? Since this is a PSA-style task, the tone can
be persuasive. If the student simply draws a nitrogen cycle diagram again without addressing fossil fuels, they missed
the point. The best answers will show the student has synthesized information from research: turning knowledge of
chemistry and ecology into an accessible message about why we should reduce pollution.

Nitrogen Cycle -8

- Fundamental Need (Plants): The answer highlights that plants need nitrogen to grow because nitrogen is a major
part of chlorophyll, proteins, and DNA in plant cells. For example: “Nitrogen is like a vital nutrient for plants — with-
out enough of it, plants have yellow leaves and stunted growth because they can’t make the proteins they need. Thats why
gardeners and farmers often add nitrogen (fertilizer) to soil to help plants grow big and green.” This covers the idea of
nitrogen’s role in plant health and agriculture.

- Fundamental Need (Animals): The explanation notes that animals (including humans) also depend on nitrogen,
indirectly. Animals get nitrogen by eating plants or other animals, and they use it to build their own proteins and DNA.
In fact, much of our body — muscles, skin, even our blood — contains nitrogen because of the proteins.” This shows that
without nitrogen, living things couldn’t build their tissues or reproduce properly. A strong answer might mention
that although the air is ~78% nitrogen, animals and plants can’t use that form directly — they rely on the nitrogen
cycle to convert it. This fact emphasizes the nitrogen cycle’s role in making atmospheric nitrogen available to living
organisms.

- Ecosystem Balance: The student explains that nitrogen cycles through the environment, and balance is key. “/Vi-
trogen is constantly recycled in ecosystems — bacteria and decomposers help move it around so new plants can grow from old
matter. If an ecosystem has too little nitrogen (like in poor soil), plant growth is limited and the whole food web suffers be-
cause theres less food. If theres too much nitrogen (from pollution or fertilizer), it can cause problems like those algae blooms
and fish deaths in water, or make soil unhealthy by changing which plants can grow.” This part shows understanding of
nitrogen’s role in maintaining healthy ecosystems and what happens when the cycle is disrupted.

* Multiple Points or a Concept Map: The response gives at least three distinct points or branches on a concept map:

1. Nitrogen — Proteins/DNA (Growth) — Living things need nitrogen to create proteins and DNA, so it’s
essential for life.

2. Nitrogen Cycle — Soil Fertility — Nitrogen must be cycled (via fixation, etc.) into forms plants can use; fer-
tile soils have available nitrogen, often assisted by the cycle’s processes or fertilizers.

3. Imbalance Issues — Too little = poor growth (a limiting factor in ecosystems), too much = pollution (eutro-
phication, biodiversity loss).

4. (Possibly) Human Dependency — We rely on the nitrogen cycle for food production (crops need nitrogen;
the global population is sustained in part by nitrogen fertilizer), and human activities have altered the nitro-
gen cycle (which ties back to why we must manage it).

* Clarity and Organization: If written, the explanation should be in a coherent paragraph or a few bullet points, not
just a list of terms. It should read like a mini-essay on why nitrogen is important. If it's a concept map, the connec-
tions between concepts should be labeled (e.g., “Nitrogen — Proteins (builds muscle in animals)” or “Excess nitro-
gen — algal blooms — oxygen loss in water”). A well-done concept map might visually cluster “Benefits of Nitro-
gen” vs “Problems from Nitrogen Imbalance.”
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* Depth of Understanding: The student who can articulate why nitrogen is vital (not just that it is) and relate it to
real examples (plants being fertilized, algal blooms, etc.) demonstrates mastery. For instance, mentioning the historic
fact that air has a lot of nitrogen but it must be “fixed” to be useful shows higher insight. Or noting that nitrogen

is often the limiting nutrient in ecosystems (so adding it increases growth) is a nuanced point a top student might
include.

- Evaluation: Teachers should look for key phrases indicating understanding: “building blocks of life (proteins/
DNA),” “growth and repair,” “fertilizer,” “nutrient cycles,” “too much causes pollution, too little limits life,” etc.

The answer should not be just “because plants need it” with no further detail. At a 4th—6th grade level, a thorough
answer might say, “Nitrogen is important because it helps plants grow, which in turn feeds animals. Its part of every living
cell. The nitrogen cycle makes sure it’s reused in nature. If the cycle didn’t work, life would run out of usable nitrogen.”
Such an answer, possibly aided by a diagram or concept map, shows the student can evaluate the significance of ni-
trogen in broad terms — connecting biochemistry (proteins), ecology (food webs), and environmental science (cycle
balance).
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Phosphorus Cycle

Phosphorus Cycle -1

- Includes key cycle steps: The story mentions rain and weathering breaking the rock, freeing the phosphorus into
soil or water. It then shows the phosphate being taken up by plant roots, moving into a plant, and perhaps into an
animal that eats the plant.

* Describes decomposition: It explains that when the plant or animal dies, decomposers (like bacteria or fungi)
break it down, releasing the phosphorus back into the soil. This demonstrates understanding that decay returns
nutrients to earth.

* Mentions long-term cycle: A great answer might also mention phosphorus eventually washing into rivers/oceans
and becoming part of ocean sediments or new rocks over geologic time, showing awareness of the slow part of the
cycle.

- Creative and engaging: The narrative is told from the phosphorus atom’s perspective (e.g. “/ felt the raindrops free
me from my rock home...”). It uses imaginative details while still accurately covering scientific steps.

* Clear sequence: Events are in a logical order that matches the cycle (rock — soil — plant — animal — solil, etc.),
so the reader can follow the phosphorus “adventure” and learn the cycle stages along the way. Teachers can look for
accuracy (all major steps included) combined with creativity in the storytelling,.

Phosphorus Cycle -2

- Complete cycle depicted: The illustration clearly shows rocks weathering (e.g. a cloud raining on a mountain,
with an arrow to soil indicating phosphate is released). It also shows phosphorus moving into plants (perhaps roots
absorbing nutrients) and then into animals that eat the plants.

- Shows decomposers: A good drawing includes decomposers (like fungi, worms, or bacteria symbols) breaking
down dead plants/animals, with arrows returning phosphorus to the soil. This step should be labeled to demonstrate
understanding of decomposition.

- Includes water pathway: The artwork depicts runoff or rivers carrying phosphorus to lakes/oceans, and phosphate
settling as sediment at the bottom of water bodies. For example, there might be an arrow showing phosphorus leav-
ing soil into a river, then an ocean with sedimentary rock formation drawn.

- Labeled and explained: Each stage is labeled (with terms like “weathering,” “uptake,” “decomposition,” “sedimen-
tation”) and possibly a short note. The labels match those on the provided diagram, helping to reinforce vocabulary.
A viewer could understand the cycle from the visuals and text.

* Creativity and clarity: The illustration is visually engaging (students might draw smiling characters like “Pete the
Phosphorus”) and well-organized. Despite creative elements, the science remains accurate. Teachers can check that
all key components of the phosphorus cycle are present and correctly represented in the drawing,.

Phosphorus Cycle -3
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- Covers all roles/stages: In a strong performance, every major part of the cycle is personified and shown. For exam-
ple, the “Rain” actor pretends to fall on the “Rock” and the “Rock” actor releases phosphorus (maybe represented by
a ball) into the “Soil.” The “Plant” then picks up the phosphorus-ball, the “Animal” takes it from the plant, etc. This

ensures weathering, uptake, consumption, and decomposition are all acted out.

- Demonstrates decomposition: The skit shows the decomposer character coming in when the animal (or plant)
“dies” — e.g., the animal could pretend to fall down, and the decomposer collects the phosphorus-ball and gives it
back to the “Soil” person. This highlights the return of nutrients via decay.

- Optionally includes human impact: Many skits might add a farmer spreading “fertilizer.” The fertilizer (extra phos-
phorus) could be represented by additional balls given to the soil or plants. The skit might then show some fertilizer
“runoff” with a “River” character carrying a phosphorus-ball away, illustrating how excess farming nutrients wash
into water.

- Collaborative and clear: All group members participate and communicate the process in sequence. They might
narrate as they act (e.g., “I am rain, I weather the rock and release phosphate!”). The result is entertaining yet educa-
tional — the audience can follow the phosphorus’s path through the cycle.

* Understanding evident in Q&A: After the skit, if asked, students can explain each part of their performance (e.g.

“We showed weathering by...”, “She was the decomposer returning phosphorus to soil...”). This reflection confirms
they weren't just acting, but also grasping the concepts.

Phosphorus Cycle -4

0 Clear experimental plan: A good answer outlines a specific procedure. For instance: “I will put a cup of soil
at one end of a pan and mix in crushed chalk (phosphate). I'll pour water from a cup to simulate rain and
collect the water that flows out.” This shows the student identified a way to simulate rain weathering rock/
soil and collecting runoff.

0 Predicted outcome: The student predicts that water will erode some of the “phosphate” material. For ex-
ample: “I think the water will turn cloudy or carry tiny bits of chalk/soil into the cup at the bottom.” This
hypothesis aligns with the idea that rain can dissolve or carry off phosphate from land.

0 Observation of results: The answer notes what happened. A strong response might say: “After pouring the
water, | observed that the water in the lower pan was cloudy and had bits of soil/chalk in it. This shows ma-
terial was carried off by the water.” This demonstrates the concept of runoff — nutrients leaving the soil with
water flow.

0 Connection to the phosphorus cycle: The student explains that this model is like nature: rain weathers phos-
phate out of rocks/soil and washes it into rivers or oceans. For example: “In real life, rain would break down
rocks, releasing phosphate into the soil and streams. The experiment’s cloudy water is like phosphorus going
into a river, which in nature eventually leads to ocean sediments.”

0 Understanding of concept: The answer might further mention that this process is why phosphorus ends up
in waterways, or why soil can lose nutrients after heavy rain. A top response could even relate this to needing
fertilizer replacement in agriculture (since nutrients wash away). Overall, the student uses the experiment to
show they grasp how weathering and runoff move phosphorus in the cycle.
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Phosphorus Cycle -5

- Key cycle content in verse: The poem covers the major phosphorus cycle stages. For instance, it might have lines
about “Rain on the mountain wears the rock — phosphate washes free into my sock (soil)...” to illustrate rock weathering
to soil. It also includes imagery of a plant absorbing that nutrient (@ rose in the garden sips me through its root”), an
animal eating the plant, and decomposers doing their job (‘%iny fungi and bugs return me to ground”).

- Covers complete cycle: A strong poem doesn’t omit major steps. It might mention ‘down the river I flow, to the sea
1 go, settling in silence on the ocean floor below”, conveying phosphorus becoming sediment in water over time. Includ-
ing a line about humans (fertilizer or mining) is a bonus, e.g. “Humans dig me up from rocks so crops can be fed”, but
the core natural cycle should be clear.

* Creative language: The poem uses metaphors or personification effectively. The phosphorus might “speak” or the
cycle might be described as a journey or a cycle of life. For example, the poem could personify phosphorus as a trav-
eler or a storyteller. The language is age-appropriate but imaginative, engaging a reader’s/listener’s interest.

- Educational value: Despite being creative, the poem teaches accurate science. A teacher should be able to spot that
the student knows what weathering, uptake, decomposition, etc., mean in context. Misconceptions (like phosphorus
floating into air, which it does not) should not appear — a good poem will note phosphorus stays on land/in water
(perhaps implicitly, by only describing those domains).

- Effort and structure: The poem has a clear structure or flow. It might be a series of rhyming couplets or a few stan-
zas each focusing on a part of the cycle. The student’s effort in crafting the poem (choice of words, possibly a refrain

about the cycle repeating) shows, and the result is both fun and informative. Teachers can use the presence of correct
details in a creative format as evidence of higher-level understanding.

Phosphorus Cycle -6

* Correct calculation: The student correctly finds that one-quarter of 100 kg is 25 kg. So 25 kg of phosphorus goes
into the river, and 75 kg remains in the field’s soil. The math work might be shown as: 100 x 0.25 = 25 (or 100/4 =
25). This shows understanding of basic fraction/percentage of a quantity.

- Explanation of river impact: The answer notes that 25 kg is a lot of extra nutrient entering the river. Phosphorus
will act like fertilizer in the water, causing algae and aquatic plants to grow excessively. A good answer might use the
term algal bloom (if known) or simply describe “a big increase in algae/plant growth in the river.”

- Environmental consequence: The student explains why too much algae is a problem: e.g., “When the algae eventu-
ally die, they rot and use up oxygen, which can harm fish”, referencing the process of eutrophication (even if they dont
use that word). They understand that phosphate runoff leads to water pollution and disrupts the aquatic ecosystem.

- Connection to responsible use: The response mentions that since 25 kg of fertilizer was essentially wasted into the
river, farmers should be careful. For instance: “Only 75 kg actually helped the crops; the rest caused pollution. Farmers
can avoid this by using the right amount of fertilizer so plants use it up, or by preventing runoff (like planting buffer plants
or not fertilizing before heavy rain).” This shows higher-level evaluation — not only identifying the problem but sug-
gesting a solution.

- Interdisciplinary insight: The student combines math (percentages or fractions) with science understanding. They
correctly interpret the calculation result in a real-world context. Teachers can assess both the accuracy of the math
and the depth of the science explanation, rewarding responses that clearly link numbers to ecological effects.
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Phosphorus Cycle -7

- Dead matter accumulation: A strong answer predicts that without decomposers, dead plants and animals would
not break down. They might note that carcasses, leaves, etc., would just pile up because no bacteria or fungi are recy-
cling them. This shows understanding that normally decomposers decay organic matter.

- No nutrient return to soil: The student explains that without decomposition, the phosphorus (and other nutrients)
locked in dead organisms wouldn’t go back to the soil. For example: “When things die, their phosphorus would stay
trapped in their bodies forever instead of being released into the soil.” This recognizes that decomposers free up nutrients
(inorganic phosphate) from organic matter.

- Impact on soil fertility: The answer points out that over time, soil would run out of available phosphorus for new
plant growth. Since plants rely on recycled nutrients, a world with no decomposers would mean soil phosphorus
gets depleted once the initial supply is used. The student might connect this to poorer plant growth or even plants
dying off due to nutrient deficiency. (“Plants would have no way to get back the phosphorus, so theyd eventually lack this
nutrient and might not grow well or at all.”).

- Ecosystem collapse: A top-level answer might extrapolate further: if plants can’t grow due to nutrient shortage,
then herbivores would have less food, and so on up the food chain. Essentially, life would suffer dramatically. The
student realizes the phosphorus cycle would break down without decomposers, highlighting how critical decompos-
ers are in cycling matter.

- Creative presentation (if applicable): If the student chose a creative format (like a mock news report or cartoon of
unhappy plants), the content still reflects the above points. For example, a “news report” might say “Breaking News:
Nutrient Crisis as Decomposers Disappear! Experts report phosphorus is no longer returning to soils...” etc. This creativ-
ity is a plus as long as the scientific prediction (nutrient recycling stops, with dire consequences) is clear. Teachers
should see that the student is evaluating a scenario by applying their knowledge of the cycle’s dependence on decom-
position.

Phosphorus Cycle -8

- Explains the human role: The letter clearly states that humans intervene in the phosphorus cycle by mining phos-
phate rocks and manufacturing fertilizer from them. For instance, a student might write, “Dear Farmer, Did you
know the phosphorus in your fertilizer comes from rocks that are dug up from the earth? People mine those rocks and make
phosphate fertilizer so crops can grow better.” This shows understanding of the source of agricultural phosphorus and
that it’s a finite resource taken from nature.

* Describes the problem of runoff: A good letter then explains that while fertilizer helps plants, excess phosphorus
can wash away. For example: “However, if it rains, extra fertilizer can run off your fields into nearby streams. In the wa-
ter, that phosphorus can cause a sudden growth of algae (plants in the water). The water can turn green and unhealthy for
[fish and other wildlife — a process called algal bloom and eutrophication.” This part demonstrates knowledge of negative
environmental impacts from farming practices.

- Consequences and concern: The student might add what happens next, e.g., “When the algae die, they use up oxygen
in the water, which can kill fish. This means using too much fertilizer can unintentionally harm the ecosystem.” The letter

communicates why the farmer (or community) should care about this issue — not just stating facts but showing con-

cern for soil health and water quality.
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* Suggestions for best practices: Importantly, the letter offers solutions or advice. A high-quality answer could
include ideas like: using only the needed amount of fertilizer (so plants absorb most of it), planting cover crops or
buffer plants around fields to absorb runoff, rotating crops or using organic compost (which releases phosphorus
more slowly), or any method to reduce phosphorus loss. For example: “7 suggest testing your soil and applying only the
amount of phosphate needed. Also, planting grassy strips near the river can help catch runoff before it reaches the water.”
This shows the student can evaluate and propose ways to improve the situation.

* Proper letter format and tone: The response is written as a respectful letter (with a greeting like “Dear Farmer,” and
perhaps a closing). The tone is educational and supportive, not blaming. It’s clear the student’s goal is to inform and
help. For teachers, a standout answer is one that seamlessly weaves together science understanding with real-world
advice, demonstrating both empathy (interpersonal intelligence) and knowledge. The letter format allows the stu-
dent to synthesize information and present an argument for environmental stewardship grounded in their under-
standing of the phosphorus cycle.
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Sulfur Cycle

Sulfur Cycle -1

0 As the dead leaf decays, soil bacteria and fungi break down its proteins, releasing the sulfur as a smelly gas
— hydrogen sulfide (H,S). (Students might note the “rotten egg” odor of H,S, showing understanding that
decomposers free sulfur from dead matter.)

0 In the presence of oxygen, that sulfur gas gets converted by other microbes into solid sulfur and then sulfate
(8O4%"). In the story, the sulfur atom might drift into the air as H,S and then fall with rain as sulfate.

0 'The sulfate in the soil is reused by new plants through their roots. For example, the sulfur atom could end up
in a new plant’s structure (showing the cycle continues as living things reuse decomposed nutrients).

Sulfur Cycle -2

- The report notes that the volcano releases sulfur gases (like sulfur dioxide, SO,) into the air. (A good answer might
describe the volcanic plume rich in sulfur compounds.)

- It explains that these sulfur gases mix with water in the atmosphere, forming tiny droplets of sulfuric acid. This
eventually falls back to Earth as acid rain.

* 'The report warns of environmental effects: for example, acid rain can harm plants and animals. It could make
lakes or soil more acidic, which kills fish and damages forests, and it can even erode buildings and statues. (A strong
answer shows the student can connect volcanic sulfur to broader ecosystem impacts.)

Sulfur Cycle -3

- Environmental perspective: Burning coal and oil releases massive amounts of SO, into the air, leading to acid rain
and air pollution. Acid rain harms wildlife and water (killing fish, damaging forests) and sulfur particles can cause
breathing problems for people. Therefore, environmentalists argue we must install scrubbers or switch to clean ener-
gy to cut sulfur emissions and protect ecosystems.

- Industry perspective: Factory owners might respond that adding pollution controls (like sulfur scrubbers) is costly
and could affect jobs or energy prices. They may argue that fossil fuels are currently necessary to meet energy de-
mands and that they are following existing regulations. Some might suggest compromises, like improving technology
gradually, instead of sudden strict rules. (A well-rounded answer will acknowledge the cost vs. benefit trade-off and
possibly suggest a balanced solution.)

Sulfur Cycle -4

* Students note that marine plankton (tiny ocean plants) release a sulfur compound called dimethyl sulfide (DMS).
This gas has a strong smell (it’s part of the “sea smell”) and is a major form of sulfur entering the air from oceans.

- In the atmosphere, DMS turns into sulfur dioxide and then sulfuric acid, creating tiny droplets around which
clouds form. (The poster might show cloud formation above the ocean, indicating that sulfur from plankton helps

© 2026 ETC Montessori 37



Biogeochemical Cycles Research Questions
Answer Key

make clouds.)

- Eventually, that sulfur comes back down with precipitation. The answer might explain that sulfur returns to the
ocean (or land) via rain as a dilute form of acid or sulfate. This completes the loop: ocean life sends sulfur to the sky,
and it comes back down to continue the cycle.

Sulfur Cycle -5

* Prediction: The student predicts the plant given sulfur (Epsom salt solution) will grow greener or taller compared
to the one without. They explain that plants need sulfur to make proteins and chlorophyll (the green pigment for
photosynthesis). So, extra sulfate might improve the plant’s health if the soil was low in sulfur.

- Observations: The sample results might say the sulfur-fed plant indeed looked healthier, with greener leaves. This
is because sulfur is an essential nutrient that helps plants form important molecules (so a lack of sulfur can cause
yellow, weak growth). If the plant without sulfur showed yellowish or stunted new leaves, that indicates a sulfur
deficiency.

- Conclusion: The student concludes that sulfur in soil helps plants grow stronger. The experiment demonstrates
sulfur’s role: plants absorb sulfur as sulfate from the soil and use it for growth. A thoughtful answer might mention
that gardeners add things like Epsom salt to soil because sulfur (and magnesium) improves plant health.

Sulfur Cycle -6

* 'The rotten egg smell is a giveaway for hydrogen sulfide gas (H,S). Students explain that sulfur bacteria in the
groundwater produce H,S, causing the foul odor. (In the skit, one student could act as a bacterium creating the
smelly gas!)

- They note that sulfur can enter groundwater when water flows through sulfur-rich rocks or soil. In low-oxygen un-
derground spaces, certain bacteria use sulfur compounds for energy and release H,S. This means that decomposing
organic matter or minerals in the ground are releasing sulfur into the water.

- 'The answer might mention that while the smell is unpleasant, such water isn’t usually harmful at low levels — it just
indicates sulfur’s presence in the environment. (For instance, natural hot springs often smell of sulfur. People even
use sulfur springs for therapeutic baths, a possible “benefit” despite the odor.) A strong answer shows understanding
that sulfur cycles through groundwater via geological and biological activity.

Sulfur Cycle -7

* The power plant’s emissions contain sulfur dioxide from burning coal — one of the main causes of acid rain. Over
time, acid rain made the lake water too acidic. The student explains that in acidic water, fish and other aquatic life
struggle to survive. For example, fish eggs might not hatch and fish can have trouble breathing in low-pH water.
This explains the fish die-off (and perhaps other creatures in the food chain were affected t00).

* 'The surrounding ecosystem also suffers: the acidic water can leach nutrients from soil and harm plants. (Students
might mention seeing weaker trees or fewer aquatic plants due to nutrient loss and direct acid damage.) This demon-
strates sulfur’s negative impact on ecosystems when there’s too much from pollution.
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- Proposed solutions: Students suggest reducing sulfur emissions as a key fix — for instance, installing scrubbers at
the plant or switching to cleaner energy, so less acid rain falls. To help the lake recover faster, people could neutralize
the acidity (for example, adding limestone or a safe base to the water to raise the pH). A top answer will recognize
both preventing the cause (pollution control) and remedying the effect (restoring the lake’s pH and life).

Sulfur Cycle -8

- 'The model/drawing includes major sulfur sources to the atmosphere: a volcano emitting sulfur gases and a factory/
power plant releasing SO, from fossil fuels. (This shows both natural and human contributions.)

* It shows sulfur in the atmosphere returning to Earth as acid rain (sulfuric acid) or dry deposition. Clouds in the
illustration might be labeled with sulfuric acid, raining down sulfate into soil and oceans.

- In the soil, the diagram depicts plants absorbing sulfate through roots, and animals eating the plants. (The expla-
nation notes that sulfur becomes part of living organisms — for instance, helping build proteins in plants and ani-
mals.)

* 'The cycle continues as decomposers (bacteria, fungi) break down dead plants and animals, releasing sulfur back
into the soil or as gases (like H,S) into the air. This completes the loop by returning sulfur to forms that can again
enter the atmosphere or be reused by plants.

* A strong project also highlights the ocean’s role: perhaps showing ocean water with plankton releasing DMS gas
to the air and some sulfur settling into ocean sediments. The explanation would tie this in by saying the ocean both
stores sulfur and sends it into the air (for example, “sea-air exchange” of sulfur).
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