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Do the ever-improving tools of an area of knowledge always result in improved 

knowledge? Discuss with reference to natural science and mathematics.

Recently, natural science and mathematics tools have become more sophisticated. This has led 
to questions about whether the knowledge that results from the advancement of tools is 
consistently improved. From telescopes revealing far-off galaxies and algorithms that solve 
complex equations, tools have certainly changed the world as it was understood. Does this 
mean better tools translate to better knowledge or sometimes cloud our understanding of the 
truth?
Evolution in the tool has made fields such as medicine, astronomy, and physics so different, 
making invisible visible and unmeasurable measurable. For instance, when the electron 
microscope was discovered, it unveiled previously unknown structures within the cell, improving 
the understanding of biological entities by a thousandfold. Yet improved tools can bring 
complications requiring unique interpretation, obscuring, or challenging paradigms.
In mathematics, computational tools such as software and symbolic computation packages 
have sped up calculations and helped solve problems once thought impossible to solve, yet, at 
other times, produce dependence that reduces the user's knowledge of the actual mechanism 
at work. Again, overwhelming data and algorithms sometimes obscure clarity by adding 
excessive detail.
Based on this reasoning, Although ever-improving tools in natural science and mathematics 
often facilitate breakthroughs and expand the horizons of human knowledge, their impact is 
certainly not uniformly positive. Case studies drawn from these areas will indicate ways in which 
tools can facilitate better understanding and introduce new challenges that can even reshape 
the nature of knowledge itself. This complex interplay of tools and expertise demands 
examination because progress is not linear or even inevitable but rather a zigzagging journey of 
discovery and adaptation.

Natural science:

There is a claim that better instrumentation in natural science leads to better knowledge. The 
development of CRISPR-Cas9 gene-editing technology shows how advanced tools can 
profoundly enhance knowledge in natural science. Before CRISPR, genetic modification was 
labor-intensive, expensive, and imprecise, which limited researchers' ability to study genes and 
their functions. However, CRISPR has revolutionized genetic research through the precise, 



cost-effective editing of DNA. This has resulted in breakthroughs such as correcting genetic 
mutations linked to diseases like sickle cell anemia and Duchenne muscular dystrophy.
The ability of this tool to edit genetic material accurately enhances the understanding of biology 
at a molecular level. It indicates how new tools refine and advance the knowledge framework of 
natural sciences. From the TOK point of view, CRISPR stands as an example of how sense 
perception and reason are augmented by technology, enabling researchers to observe and 
manipulate genetic sequences directly. This has enabled a paradigm shift in biological sciences 
from focusing on descriptive genetics to functional and applied genetics. Therefore, with better 
tools, the reaction and practical application of new knowledge are made possible.
There is a counterclaim that Improved tools are not always translated into improved knowledge 
and sometimes create more problems or confusion. An example is the development and usage 
of advanced climate modeling software. The latest climate models use extraordinary amounts of 
data and elaborate algorithms to simulate Earth's climatic systems to predict future 
environmental changes. However, the complexity of these models often results in differences in 
predictions, causing public mistrust in climate science. For example, sometimes, the divergent 
outcomes from different models raise questions about the pace or extent of global warming.
This example demonstrates how better tools produce contradictory knowledge claims, so the 
clarity of meaning is lost. In TOK terms, it is an issue of the interpretation of knowledge. The 
models are based on a synthesis of reason and faith—faith in the validity of assumptions and 
algorithms used. Variability in outcomes can test the coherence theory of truth since scientists 
have to find ways to reconcile the different results in one framework.
While the models have certainly expanded our understanding of climate systems, they also 
show how improved tools can make it more difficult to obtain reliable knowledge, especially 
where the tools themselves need further development or where their results conflict with existing 
paradigms for expertise.
These examples underscore the subtle relationship between tools and knowledge in natural 
science. Tools such as CRISPR have undoubtedly advanced the understanding of how 
scientists interact with biological systems. However, tools such as climate models expose the 
limitations of relying only on improved instruments, creating uncertainties and pointing out gaps 
in existing frameworks.
The claim focuses on how tools extend human ways of knowing—specifically, sense perception 
and reason—to produce shared knowledge. The counterclaim illustrates that the same tools can 
challenge the justification of knowledge because their complexity may hinder the acceptance of 



knowledge claims. Thus, while tools are pivotal in natural science, their ability to improve 
learning is not absolute and depends on the context and the epistemological challenges they 
introduce.

Mathematics:

There is a claim that better tools in mathematics result in better knowledge. The emergence of 
Wolfram Alpha, a computational knowledge engine, represents how new tools changed 
mathematical knowledge. Unlike most calculators, Wolfram Alpha performs complicated 
symbolic calculations such as solving differential equations, symbolic integration, and 
visualization of multi-dimensional functions. Mathematicians, students, and researchers can 
study problems formerly too computationally prohibitive to attempt.
For example, in topology, the tool has enabled the visualization of impossible-to-conceptualize 
complex 4D shapes and surfaces. This is an example of how Wolfram Alpha has expanded the 
scope of mathematical exploration into new areas of abstract mathematical structures. In TOK, 
this shows how reason as a way of knowing has been enhanced by tools like Wolfram Alpha, 
allowing people to process and manipulate data beyond the limits of human cognition.
It supports the correspondence theory of truth as the output can be checked for correspondence 
with the well-known principles of mathematics; thus, the instruments produce valid knowledge. 
With the development of the tools used to give Wolfram Alpha, which extends the abilities of a 
human for problem-solving and exploration into new domains, mathematical knowledge is 
advanced. They quickly allow hypotheses to be tested and show patterns enriching shared 
knowledge within a mathematics community.
There is also a counterclaim that a better tool does not mean improved knowledge about 
mathematics. Despite their potential, advanced mathematical tools can sometimes hinder the 
development of understanding or create challenges that complicate knowledge acquisition. For 
instance, overdependence on computational tools in learning may result in a superficial 
understanding of mathematical concepts. For example, using graphing calculators to solve 
quadratic equations, students can plot parabolas accurately but lack a deep understanding of 
the underlying algebraic principles. This is particularly evident in problems where tools efficiently 
solve problems but omit critical reasoning processes.
This is because of the way of knowing, which is why knowledge is limited when tools enhance it. 
Mathematical knowledge that computational tools present is valid within the math framework but 
may lack the element of justification pertinent to a proper understanding. This goes against the 



coherence theory of truth since the knowledge acquired may not agree with the knower's 
understanding. In addition, an inherent drawback of using tools is that misapprehension of some 
results by the user or arbitrary utilization of algorithms without realization of the mathematical 
implications causes the error. For instance, a flaw in the floating point part of the Pentium chip 
resulted in incorrect division computations done on the processor due to 1994; consequently, 
the error resulted from wrong mathematics embedded in a faulty tool. These examples show the 
subtle role of tools in mathematics. On the one hand, tools such as Wolfram Alpha push the 
frontiers of mathematical exploration even further, making discoveries and insights that were not 
previously available. On the other hand, tools can also undermine knowledge when they create 
dependency or spread errors, such as through flawed computations or lack of educational 
engagement.
In TOK terminology, the claim focuses on how tools supplement reason and imagination to bring 
forth new mathematical knowledge, often to strengthen common knowledge. The counterclaim 
underlines the role of justification in knowledge development as tools undermine understanding 
or generate incorrect outputs that violate the correspondence and coherence theories of truth.
As such, the interaction between tools and knowledge is not so simple in mathematics. While 
tools have a great capacity to improve knowledge, they are still effective depending on how they 
are used and whether they can go hand in hand with the foundational principles and practices of 
the discipline. This will add more credence to the view that the progression in mathematics is 
not linear but requires a cautious examination of the tools and their output.
Conclusion:

Whether always-evolving natural science and mathematics tools lead to superior knowledge is 
nuanced and context-sensitive. To answer this, tools such as CRISPR-Cas9 in natural science 
and Wolfram Alpha in mathematics demonstrate exactly how innovations enlarge the 
boundaries of human thinking and refine existing models to make previously impossible 
breakthroughs appear possible. These tools amplify human capacities to make complex 
phenomena visible and solvable, thus strengthening common knowledge within those fields. 
However, in a contrary direction, examples such as the interpretive problems of climate 
modeling and the pitfalls of dependence on computational tools in mathematics highlight the 
potential downsides of advanced tools, possible limitations, and complexities.
Tools are not infallible; they may propagate errors, challenge existing paradigms, or undermine 
individual understanding by bypassing critical reasoning processes. The effects recall that 
knowledge is not exclusively based on the sophistication of tools but on how well they have 



been integrated into the knowledge framework. In TOK terms, it represents the play of ways of 
knowing: reason, sense perception, and faith concerning the reliability of tools, the importance 
of justification, and coherence and correspondence theories of truth concerning validating 
knowledge claims. Ultimately, better tools can increase knowledge but cannot assure progress. 
The interaction between tools and knowledge is so complex that it calls for scrutiny and critical 
thinking in balance with human insight and technological capability.


