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Nature of Science Part 1

Introduction


The nature of science is an important aspect to include in the classroom.  Students should learn just what it is that scientists do and what conducting science really is.  The scope of this paper is to encompass a discussion on the nature of science- from it's historical development and its unchanging characteristics, to the nature of science itself.  Additionally, the scope of this paper is to discuss how the nature of science would appear in the classroom.

Nature of Science Part 2

The History of Science


The nature of science has evolved over human history but there have always been commonalities between ancient science and the science we know today.  What we understand as modern science was not the science of classical or ancient history.  Back then, those who we would have called scientists would have called themselves natural philosophers, and the word science itself meant only a body of knowledge.  A scientist today would likely not call him/herself a philosopher at all.  Nonetheless, even the title of philosopher denotes that science then was first and foremost a human endeavor.


Over time, science evolved from its generic origins to something more specific and natural philosophy would eventually give way to natural science.  One of the tenets of science is a general format or methodology for conducting science.  Early civilizations were known for their astronomy and had developed methodologies for observing the heavens.  However, those cultures lacked the core theories of the physical objects they were observing(Rochberg, 1999).


The Scientific Revolution of the Renaissance brought in a greater interest in studying the physical world.  Science would evolve into its modern form as there was a greater interest in challenging the doctrines and traditions imposed by culture.  The Catholic Church held much of Aristotle's work as unchallengeable.  Galileo did indeed challenge the traditional notion that heavier objects fall faster than lighter ones when he used empirical evidence.  The foundations of science were continuously evolving into what it is today.


Modern science has become fundemental to our society but there still remains misconceptions- one of which is that science was a continuous change from ignorance to knowledge.  Even the best scientific techniques cannot answer every question and history has shown that even when we know something must be true, more research can come out and completely change the way we understand things.  Knowledge is “contested territory,” (Morus, 2009) and is always changing.

Nature of Science Part 3

The Nature of Science


The nature of science can be described as the “rules of the game” for knowledge generation and evaluation.  The rules for science as a method for creating and sharing knowledge are centered around several key ideas; science requires the use of empirical data; is a highly creative process; and is a human endeavor and thus subject to historical, social and cultural influences.


In order to explain the key ideas, one must understand the scientific method. While there is no set specific format, the scientific model can be assumed to follow a process of hypothesizing, gathering of data, testing the hypothesis, and then drawing conclusions from the test.  Additionally, the conclusions should be repeatable by one's peers.  While this model is not set in stone, scientists can adapt it to their needs.  The scientific model is referenced not as a standard but as a general guideline that most scientists follow.


In order to draw conclusions that can be verified and confirmed by others, empirical data must be gathered and arranged.  This is a foundation of science, as the conclusions drawn must have some basis in the data.  Additionally, if the conclusions are to be shared, the data should be available to share with other scientists.  Data also does not necessarily need to be gathered in a controlled experiment but can be gathered using direct observation.  Much of the knowledge of geology and paleontology are based on observations rather than experimental tests.


Science is highly creative.  Much of the quest for knowledge is sparked not by some systematic process but by inspiration.  In each of the steps of the scientific method, it is the creative mind of the scientist that decisions are made for that knowledge.  The scientist chooses the phenomenon in which to observe and creates a hypothesis based on that observation.  From there, the scientist can devise an experiment or investigate other related phenomena.  The scientist also selects which data to be recorded and shared.  Finally, the conclusion drawn from the data is perhaps the most creative part.  In the process there is a human mind making choices about the knowledge being created, and that is where the creativity comes in.


Science is a human endeavor and is therefore subject to the same influences to which humans are subjected.  It is up to the scientist to decide which area to investigate and that human will be influenced by his or her culture, history, and social pressures.  A biologist living in sub-Saharan Africa will make different choices in their research than that of a chemist living in Vancouver, Canada.  Additionally, a climatologist working for the federal government may draw different conclusions from the same pool of data than that of a climatologist working for an energy company.  Each scientist is unique in their social, cultural and historical background and have different influences, and that will affect the way that they apply science.  This expands the creativity and diversity of the knowledge generation, but can be limiting as well- there could be valuable knowledge gained where there exists no pressure or influence.  Using capital as a measure of influence, science that improves the lives of the impoverished may not be as well-funded as science that helps find new sources of natural gas to be processed and sold.

How is science different from other methods of knowing?


Science cannot answer all questions of human interest.  It is important to understand that while science draw conclusions from empirical data and draw truth from physical phenomena, it cannot answer questions in the realm of opinion, morality, and faith.  Science cannot explain why art is pleasing to the eyes of one person and hideous to the eyes of someone else.  Science cannot explain why ”We hold these truths to be self-evident, that all men are created equal, that they are endowed by their Creator with certain unalienable rights, that among these are life, liberty and the pursuit of happiness (Declaration, 1776),” yet in most human cultures these are considered truth.  Finally, while science may attempt to discover the how and when of humanity's creation, it cannot explore the why.


Too often people believe that science and religion are at odds.  This is not the case- both perspectives play an important role in human society and neither is more important than the other.  Just as science cannot answer questions of faith, i.e. that Jesus was the son of God, religion has a tough time holding up against scientific observation.  The idea that the world was created in seven, 24-hour days does not hold up to geological observation.


Nonetheless, both scientific and religious worldviews are complimentary in the areas of human interest and both have merit.  Even celebrated scientist Albert Einstein remarked on their complimentary nature when he said “Science without religion is lame, religion without science is blind (Einstein, 1941).”

How do science and technology compare?


It is often assumed that science and technology are one and the same, but this is not the case.  It is true that science and technology are linked.  Science is a creative process and technology involves ingenuity to create better products.  Science can lead to better technology, and technology can lead to better science- but they are still distinct concepts.  Science is the pursuit of knowledge, often for its own sake.  Science is determining the fundamental nature of a phenomenon.  Technology on the other hand is about applying those concepts to create new things, and it is purely man-made.

Nature of Science Part 4

The Nature of Science in the Classroom


The nature of science will take many forms in my classroom.  Students will gain understanding of what science is with lessons and laboratory experiments that involve gathering empirical data.  They will learn the creativity involved in science when they design their own experiments.  They will also learn the cultural, historical and political influences of science.


Empirical data is very important in science, and so it will be in my classroom.  Students will learn the difference between qualitative and quantitative data.  Through their experiments they will learn to gather data as well as how to display it.  I will design lab activities that will help students decide which data is important and which data can be dismissed.  Additionally, because empirical data is meant to be shared with colleagues, I plan on designing a laboratory experiment where the data is shared between all the classes so that each class can understand and compare the results.


Students sometimes assume that science is just memorizing facts- a very boring and dry required part of their education.  However science is creative and my classroom will demonstrate it through the activities.  Students will have the opportunity to design their own laboratory experiments with the inquiry labs.  They will be guided but ultimately students will choose the process as well as the data they obtain.


Because science is a human construct it is subject to our culture, our history and especially our politics.  Students will need to understand these influences when studying science.  During lessons students will get a historical background of the scientific concepts that they need to learn.  It is just as important for students to know the concept as it is to know how we arrived at the the concept.  This does not have to be self-contained in a research paper but can be included in the lessons and laboratory activities as well.  Additionally, lessons will also include the context of the science in their daily lives- as our culture is important, students will need to see where science exists in their day-to-day lives.

Nature of Science Part 5

Summary:


The nature of science, the rules that are generally followed when conducting science, are very important to scientists and students of science.  Science has had a long evolution throughout human history but the common aspects remain: science relies on empirical data; is creative; is subject to cultural, historical, and political influences.  Students in my classroom will learn these aspects through inquiry laboratory experiments, historical lessons, shared data among all the classes, as well as activities centered around the context of students' daily lives.  The best way to understand science is to understand its nature.
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