
The Journey Behind Photosynthesis
Learn photosynthesis the way scientists discovered it—from curiosity to one of biology's most trusted knowledge claims.

Most students learn photosynthesis by memorising a single equation:

Carbon dioxide + Water + Light → Glucose + Oxygen

Although this equation is scientifically correct, it tells us only the final answer. It does not tell us how scientists 
discovered this explanation or why they trust it today.

The story of photosynthesis is one of the greatest scientific journeys in biology. It is a journey filled with curiosity, 
questions, experiments, mistakes, surprising discoveries, and continuous refinement. Scientists did not wake up one day 
knowing how plants make food. They spent centuries observing plants, asking questions, testing explanations, rejecting 
ideas that failed, and building stronger explanations through evidence.

When learners understand this journey, they do not simply memorise photosynthesis as another chapter in biology. They 
understand how scientific knowledge is constructed. This makes learning more meaningful, improves long-term 
memory, and enables students to apply concepts confidently in unfamiliar situations.

This is exactly how scientists construct quantitative knowledge.



Why is Photosynthesis a Quantitative 
Inquiry?
Photosynthesis is a quantitative inquiry because it 
investigates a biological process that can be measured 
objectively using numbers. Scientists cannot directly see 
photosynthesis happening inside a leaf, but they can 
measure the effects it produces.

For example, they can measure:

the amount of oxygen released,

the amount of carbon dioxide absorbed,

the amount of glucose produced,

the intensity of light,

the amount of chlorophyll present,

and the increase in plant growth.

These measurements become empirical evidence 
because they are collected through observation, 
experimentation, and measurement rather than opinion 
or personal belief.

Scientists then analyse this numerical evidence to 
determine whether it supports or challenges their 
explanations. The goal is not simply to collect data but to 
answer an important question:

Does the evidence support our explanation of how 
plants make food?

This is why photosynthesis is an excellent example of 
quantitative knowledge construction.



The Journey Begins with Curiosity
Long before scientists understood photosynthesis, people had already noticed something fascinating.

Plants grow larger every year. They become heavier. They produce leaves, flowers, fruits, and seeds. Yet unlike 
animals, plants never appear to eat food.
This simple observation created a powerful curiosity.

How do plants obtain the food they need to grow?
This curiosity marked the beginning of one of the greatest investigations in biology.

Beginning with an Assumption
Every scientific investigation begins with certain assumptions.

Scientists assumed that plants do not grow through magic or supernatural forces. They believed that natural 
phenomena have natural causes that can be discovered through careful observation, measurement, and 
investigation.

In other words, they assumed that there must be a real biological process explaining how plants produce food 
and increase in mass.
Without this assumption, there would have been no reason to investigate further.

Choosing a Research Philosophy
Scientists investigating photosynthesis worked largely from a positivist research philosophy.

Positivism assumes that reality exists independently of human beliefs and that it can be understood through 
objective observation, careful measurement, controlled experiments, and empirical evidence.

If photosynthesis is a real biological process, then it should leave measurable traces in reality.

Scientists therefore believed that evidence—not opinion—should determine whether their explanations were 
correct.



Identifying the Scientific Problem
Although people knew that plants grew larger over time, one important mystery remained unsolved.

Plants do not eat food in the same way animals do.

So where does all of their mass come from? Where does their energy come from? How do they build new 
leaves, stems, roots, and fruits?

These unanswered questions created a genuine scientific problem that required systematic investigation.

Formulating the Research Question
Scientists transformed this broad curiosity into a focused research question:

How do plants manufacture their own food and build their tissues?
The research question gave the investigation a clear direction. Instead of asking many unrelated questions, 
scientists now had one specific problem to investigate. The entire research process would now focus on 
answering this question.

The First Scientific Theory
Scientists proposed their first explanation. They believed that plants obtained most of their food and mass 
directly from the soil.
This seemed perfectly reasonable. Plants grow in soil. Their roots remain buried in soil throughout their lives. 
As plants became larger, it seemed logical to assume that the soil was gradually becoming part of the plant.

At the time, this theory appeared to explain reality quite well. However, science does not accept explanations 
simply because they sound reasonable. Every theory must eventually face evidence.



The First Falsification: When the Soil 
Theory Failed
A scientific theory is never accepted permanently simply because it sounds reasonable. Scientists must test 
every explanation using evidence.

To test the soil theory, the Belgian scientist Jan van Helmont carried out one of the most famous experiments 
in biology.
He planted a small willow tree in a pot containing a carefully measured amount of dry soil. He watered the tree 
regularly but did not add more soil. After about five years, he weighed both the tree and the soil again.

The results were surprising. The tree had gained nearly 75 kilograms in mass, yet the soil had lost only a tiny 
amount of its original weight.

This created a serious contradiction. If the plant's mass came mainly from the soil, why had the soil hardly 
changed while the tree had become so much larger?
The evidence no longer matched the theory. The soil theory had been falsified. It could no longer fully explain 
reality.

Rather than ignoring the evidence, scientists accepted that their explanation needed to change.
This illustrates one of the most important principles of science:

Evidence is always more powerful than belief.



A New Hypothesis Emerges
Once the earlier explanation had been challenged, scientists proposed a new hypothesis. They suggested that 
plants might obtain most of their mass from air and water rather than mainly from soil.

This was a bold idea. At that time, air was considered almost empty and insignificant. Few people imagined that 
an invisible gas such as carbon dioxide could become part of a solid tree.

However, science progresses by proposing explanations that can be tested rather than simply accepted. The 
new hypothesis now needed evidence.

Making the Invisible Process Measurable
One difficulty remained. Scientists could not directly watch photosynthesis happening inside a leaf. The 
process itself was invisible. To investigate it scientifically, they first had to convert this invisible process into 
things that could actually be measured.

This process is called operationalisation.

Instead of trying to measure "photosynthesis" directly, scientists measured its observable effects. They 
measured:

oxygen released,
carbon dioxide absorbed,
glucose produced,
increase in plant mass,
chlorophyll content,
and the amount of light reaching the leaves.

Once these measurable variables were identified, photosynthesis became something that could be 
investigated scientifically. The invisible had now become measurable.



Designing the Investigation
Scientists next designed carefully controlled experiments. They changed only one factor at a time while 
keeping everything else the same.

For example, they investigated what happened when they changed:
light intensity,
carbon dioxide concentration,
water availability,
or the colour (wavelength) of light.

Plants growing under these conditions were compared with similar plants that did not experience the same 
changes. These comparison groups are called control groups.

By controlling the experiment carefully, scientists ensured that any differences they observed were caused by 
the variable they were investigating and not by something else.

Collecting Empirical Evidence
Once the experiments were designed, scientists began collecting empirical evidence. Empirical evidence is 
evidence obtained through observation, measurement, and experimentation.

Researchers carefully measured:

oxygen production,
carbon dioxide uptake,
glucose formation,
chlorophyll activity,
and plant growth.

These measurements produced numerical data that could be analysed objectively. Over many investigations, 
similar patterns began to appear. Plants consistently absorbed carbon dioxide. They absorbed water through 
their roots. They released oxygen into the air. Plants exposed to light grew better than plants kept in darkness. 
The more evidence scientists collected, the less convincing the original soil theory became.

Using Statistics to Understand the Evidence
Collecting numbers alone is not enough. Scientists must determine whether the patterns they observe are 
genuine or whether they happened simply by chance. To answer this question, they use statistical analysis.

Scientists compared:

plant growth in light and darkness,
oxygen production under different conditions,
carbon dioxide uptake,
glucose production,
and changes in plant biomass.

Statistics helped scientists identify meaningful relationships hidden within the data. The results consistently 
showed that light, carbon dioxide, and water were closely connected with plant growth and food production. 
These were not random observations. They were reliable patterns repeatedly supported by evidence. The 
investigation had now moved beyond simple observation. Scientists had begun constructing a much stronger 
explanation of how plants manufacture food.



From Results to Findings
The statistical results showed clear numerical relationships. Scientists then interpreted these results to 
produce findings.

The findings revealed that plants use sunlight, water, and carbon dioxide together to produce food while 
releasing oxygen. These findings supported the new hypothesis far better than the earlier soil theory. For the 
first time, scientists were beginning to understand how plants actually make their own food.

However, many important questions still remained unanswered. How is light captured? Where does the energy 
come from? How is carbon dioxide converted into glucose? The journey of knowledge construction was only 
beginning.

Discovering How Photosynthesis Really Works
Although scientists now knew that plants used light, water, and carbon dioxide, they still did not understand 
how these substances worked together. Each new discovery answered one question but created another. 
Rather than accepting incomplete explanations, scientists continued investigating until the mechanism 
became clearer.

The Discovery of Chlorophyll
One of the first major breakthroughs was the discovery of chlorophyll.
Scientists observed that green parts of plants carried out photosynthesis efficiently, while parts without 
chlorophyll showed little or no photosynthetic activity. This led to a new understanding. Plants do not simply 
receive sunlight. They capture light using a specialised pigment called chlorophyll.
The theory was refined. Scientists now knew where light energy first enters the photosynthetic process.



The Discovery of Photons
The next question naturally followed. If chlorophyll captures light, what exactly is light?
Scientists discovered that light is made up of tiny packets of energy called photons. When photons strike 
chlorophyll molecules, their energy is absorbed. This discovery explained that sunlight is not merely 
brightness. It is a source of energy that plants can capture and convert into chemical energy. The explanation 
of photosynthesis became even stronger.

Understanding the Light-Dependent Reactions
Scientists then investigated what happens after chlorophyll absorbs photons. Careful experiments revealed an 
extraordinary sequence of events.

The absorbed light energy excites electrons inside chlorophyll. Water molecules split apart. Oxygen is released. 
Two important molecules—ATP and NADPH—are produced.

Scientists now understood that ATP stores usable chemical energy, while NADPH carries high-energy 
electrons needed for the next stage of photosynthesis. For the first time, scientists could explain where the 
energy used during photosynthesis actually comes from.

The Second Falsification: Where Does Oxygen Come 
From?
Although much had been discovered, one important question still remained. Scientists originally believed that 
the oxygen released during photosynthesis came from carbon dioxide. Instead of accepting this assumption, 
they decided to test it.

They used isotopes, which are atoms that act like tiny labels allowing scientists to trace where atoms move 
during a chemical reaction. Scientists labelled the oxygen atoms in water separately from the oxygen atoms in 
carbon dioxide.

The results were surprising. The oxygen released by plants came from water, not from carbon dioxide. Once 
again, evidence challenged an existing explanation. The earlier theory was rejected and replaced with a better 
one.
This demonstrated another important feature of scientific inquiry:

Scientific knowledge becomes stronger when it survives attempts to prove it wrong.



Solving the Greatest Mystery: The Calvin 
Cycle
Scientists had now answered many questions. They knew:

how plants capture light,
where the energy comes from,
and why oxygen is released.

However, one mystery still remained. How does carbon dioxide become glucose?
The American scientist Melvin Calvin answered this question using radioactive carbon-14. He labelled carbon 
atoms and followed their movement through the plant. Scientists observed that carbon atoms passed through 
a series of chemical reactions before finally becoming part of glucose. This sequence of reactions became 
known as the Calvin Cycle.

Scientists finally understood how plants convert atmospheric carbon dioxide into food. For the first time, the 
complete mechanism of photosynthesis was beginning to emerge.

The Theory Continues to Grow
Science rarely stops after one discovery. Scientists continued asking questions. Do all plants photosynthesise 
in exactly the same way?

To answer this question, they investigated plants growing in deserts, tropical forests, grasslands, and 
agricultural fields. Their investigations revealed three different photosynthetic pathways:

C3 Photosynthesis C4 Photosynthesis CAM Photosynthesis

Rather than weakening the theory, these discoveries made it richer and more complete. Scientists realised that 
different plants have evolved different photosynthetic strategies to survive in different environments. The 
theory had not failed. It had become more sophisticated.



Converging Evidence Builds Trust
A scientific explanation becomes highly trustworthy when many independent investigations reach the same 
conclusion. This is known as converging evidence.

Photosynthesis is supported by evidence from many different scientific disciplines.

Gas-exchange experiments
show that plants absorb carbon dioxide and 
release oxygen.

Isotope-tracing studies
reveal where carbon atoms and oxygen atoms 
travel during photosynthesis.

Microscopes
identify chloroplasts as the site where 
photosynthesis occurs.

Biochemistry
explains the roles of ATP, NADPH, enzymes, and 
reaction pathways.

Genetics
identifies genes responsible for producing the 
proteins involved in photosynthesis.

Ecology
demonstrates that photosynthesis supports food 
webs, ecosystem productivity, biodiversity, and 
the global carbon cycle.

Each field studies photosynthesis in a different way. Yet all arrive at the same explanation. When many 
independent sources of evidence support the same theory, scientists become increasingly confident that the 
explanation accurately represents reality.



The Final Knowledge Claim
After centuries of investigation, scientists now understand that photosynthesis is the biological process through 
which plants capture light energy using chlorophyll and convert carbon dioxide and water into glucose while 
releasing oxygen.

During the light-dependent reactions, chlorophyll absorbs photons and produces ATP and NADPH, which temporarily 
store chemical energy.

These molecules are then used during the Calvin Cycle to convert atmospheric carbon dioxide into glucose, the plant's 
food.

The oxygen released during photosynthesis comes from the splitting of water molecules rather than from carbon 
dioxide.

This explanation is further supported by discoveries in genetics, biochemistry, ecology, molecular biology, and 
atmospheric science.

Photosynthesis is therefore not simply a textbook equation. It is one of the most thoroughly investigated and strongly 
supported explanations in all of biology.



Why This Knowledge Claim Has a High 
Confidence Quotient
A knowledge claim becomes accepted as scientific knowledge only when it satisfies the criteria of a robust 
knowledge claim. Scientists assign a Confidence Quotient (CQ) to indicate how much trust can reasonably 
be placed in an explanation based on the strength of its evidence and justification.

The knowledge claim for photosynthesis has a very high Confidence Quotient because it is supported by 
multiple independent sources of credible evidence. The evidence has been generated through reliable 
scientific methods that consistently produce similar findings across different laboratories, environments, 
technologies, and plant species.

The explanation also demonstrates high validity because the measurements directly capture the biological 
processes involved, including light absorption, oxygen production, ATP and NADPH synthesis, carbon dioxide 
fixation, and glucose formation.

The theory has survived repeated critical scrutiny and attempts at falsification. Earlier explanations—such 
as the belief that plants obtain their mass mainly from soil or that oxygen released during photosynthesis 
comes from carbon dioxide—were carefully tested and replaced when empirical evidence contradicted them.

Rather than weakening the theory, these challenges strengthened it.

Today, photosynthesis is supported simultaneously by botany, chemistry, molecular biology, genetics, 
ecology, atmospheric science, and biochemistry.

Because the explanation has been repeatedly tested, independently verified, ethically produced, critically 
evaluated, and continuously refined, scientists regard it as one of biology's most robust and trustworthy 
knowledge claims.



Learning Through the Knowledge 
Construction Journey
Question
Explain photosynthesis.

Student A: Content Learning
Photosynthesis is the process by which plants use 
chlorophyll to capture light energy and convert 
carbon dioxide and water into glucose while 
releasing oxygen. This process enables plants to 
manufacture their own food and obtain the energy 
required for growth.
This learner gives a scientifically correct explanation.
The learner:

defines the process,
identifies the inputs and outputs,
and explains its basic purpose.

However, the learner explains what 
photosynthesis is, but not how scientists 
discovered it or why the explanation deserves 
to be trusted.
The concept has been learned as established 
knowledge rather than constructed knowledge.

Student B: Knowledge Construction 
Learning
Photosynthesis is the biological process through 
which plants manufacture glucose using carbon 
dioxide, water, and light energy. Chlorophyll captures 
photons and converts light energy into ATP and 
NADPH during the light-dependent reactions. These 
molecules then power the Calvin Cycle, where 
carbon dioxide is converted into glucose. Our 
understanding of photosynthesis developed through 
centuries of scientific investigation. Early theories 
proposed that plant mass came mainly from soil, but 
Van Helmont's experiments challenged this 
explanation. Later investigations measured oxygen 
release and carbon dioxide uptake, isotope-tracing 
experiments demonstrated that oxygen originates 
from water, and discoveries in genetics, 
biochemistry, and ecology continually refined the 
explanation. Today, photosynthesis is accepted 
because it is supported by converging evidence 
from multiple scientific disciplines.
This learner explains far more than the biological 
process.
The learner explains:

how the knowledge was constructed,
how evidence challenged earlier theories,
why scientists trust the explanation,
and how repeated investigation transformed an 
early hypothesis into one of biology's strongest 
knowledge claims.

The learner understands not only the concept itself 
but also the epistemic journey that produced it.



The Mindgle Difference
Both students know photosynthesis.

Student A knows the answer.
Student B knows the journey that produced the answer.
Student A memorises scientific knowledge. Student B understands why it deserves to be called 
knowledge.

This is the difference between content acquisition and knowledge construction.
When learners understand the complete journey—from curiosity and research questions to evidence, 
falsification, theory refinement, converging evidence, and robust knowledge claims—they stop memorising 
isolated facts and begin thinking like scientists.

Concepts become deeply meaningful. Memory becomes longer lasting.

Application becomes more flexible. And learning becomes understanding 
rather than memorisation.

This is the essence of the Mindgle Quantitative Knowledge Construction Pathway.


