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	Ages of Sand
	Douglas Adams: 
-Sand + Silica (heated) =Glass
Separated time through four different significant ages: 
1. Telescope
-Glass (Lenses) to see far away [planetary science]
-Tool for seeing that the sun revolves around the Earth and not the other way around, which was the common belief at the time
2. Microscope
-Glass (Lenses) to see small organisms (smaller than those known)
-Was able to see that organisms are made up of cells 
-Modern Times: magnification used for MRIs and CATs
3. Silicone Computer Chip
-Charged and uncharged sequences=Binary Code
-Faster and increased amount of calculations possible unable to be done by humans
4. Fiber Optics
-Data transmission across great distances 
-Sharing of digital information (allows interconnectivity between people) 

	Al-Dinawari 
	-“Father of Islamic Botany” 
-Expanded Theophrastus’s work by producing plant encyclopedia
-Increased plant knowledge from Islamic part of the world 

	Alhazen
	-First to suggest the scientific method 
-Earliest to discover that hypothesis has necessity to be experimented through procedures and mathematical evidence

	Aristotle
	-Observed that all living things have fixed characteristics
-Created an inventory for living and non living, basing it on characteristics like live birth and # of legs 
-First to organize in a pattern of simplest to most complex= Scala Naturae (Great Chain of Being)

	Artificial Taxonomy
	-Classification that involves writing down info from folk taxonomies with lists of living things (Aristotle=animals; Theophrastus=plants) 
-Based on a set of rules: detailed descriptions of objects rather than biologically based 

	Avicenna 
	-Added all of the medical writings of the Islamic world and Indian subcontinent of Hippocratic corpus 
-Expanded knowledge to the medical world

	Binomen
	-Consists of two names or terms
-For Linnaean’s mechanical taxonomy, the binomen= genus, species (ex. Homo sapiens) 
-Were given Latin names (In italics= different language) 
-Submitted to international board to avoid redundancy 

	Binomial Nomenclature 
	-System involving naming the species with two-part scientific names: Genus and species (Genus is capitalized)

	Biogeography
	-Study of geographic distributions of plants and animals 
-Raised puzzling questions based on limits of species created by God, how they fit on the Scala Naturae, and how species are distributed across the world yet are very similar to one another

	Chronological Prediction
	-Prediction based on time and the order of past events 

	Classification
	-Arrangement of organisms into hierarchical groups that reflect relatedness 
-The act of ordering 

	Control
	-A set of individuals not subject to the treatment= shows what would have been seen without experimental manipulation

	Cuvier
	-Bones and fossils thought to be of mystical creatures
-Cuvier realized that they are from organisms of the past by seeing similarities 
-Created Theory of Catastrophism: each layer of fossils represents remains of organisms that had died in local catastrophe 
-Fossils must be organisms that didn’t make it into Noah’s ark  
-Established extinction as a fact 

	Deduction
	-Theory, Hypothesis, Observations, Confirmation
-General to specific; examines possibilities to reach logical conclusion 

	Empirical Observation
	-Collective source of knowledge acquired by means of observation and experimentation 

	Essentialism
	-View that a set of attributes are necessary to identify and function 
-Belief that there are characteristics that gives the identity of organism and is passed on to future generation – ex. Tiger: If it doesn’t have a leg or doesn’t possess stripes- no longer distinguished as tiger)

	Extinction
	-Dying out or termination of a species
-Established as a fact by Cuvier 
-Reason: Did not survive Noah’s ark 
-Species diminished because of environmental forces or evolutionary changes in members 

	Fact
	-In science, ‘fact’ is not used because there may be an alternative explanation for something 
-Set in stone and indisputable; therefore, science can never be facts because it is still developing and new observations may be found

	Folk Taxonomy
	-System in which spoken word was the only way of classification and its rules were passed between generations
-Despite where they live, this system used to organize items including natural world around them

	Great Chain of Being
	-Structure of all matter and life where God (Gods when polytheistic world) was above everyone and chain progressed downwards to humans and animals 
-Also called Scala Naturae 
-Created by Aristotle for means of classification 

	Harvey
	-First to describe completely the systemic circulation and properties of blood pumped to brain and body by the heart 
-Arteries and veins form complete circuit 

	Hierarchical System 
	-Form of control system where objects are arranged in hierarchical tree 
-Arranged in order of simplest to the most complex 
-Example: Linnaean taxonomy arranged in hierarchical system

	Hippocrates 
	-Father of Western Medicine 
-Collected knowledge from anyone practicing human biology and had them write what they learned
-Material collected together into one work: Hippocratic Corpus 
-First time that knowledge was assembled into one document

	Historical Narrative 
	-Writing of history in story-based form 
-Divided into traditional and modern narrative 
-Focuses on chronological order of history 

	Hypothesis
	-Tentative explanation for observation that can be explored by further explanation 
-Must be testable and must be falsifiable (room for correction)

	Ibn al-Baitar
	-Created pharmaceutical index of plants
-Included list of cures, doses, how to produce and consume medicinal plants (instructions on how to make treatments)
-Arab physicians common (knew the ways for treatment) 

	Induction
	-Evidence from observations, pattern, hypothesis, theory 
-Specific to general  (using evidence collected to create theories) 
 -Method used most by naturalists

	Industrial Melanism
	-Darkness of skin, feathers, fur acquired by population of animals living in industrial region where the environment is soot-darkened 
-Takes place after many generations post natural selection of lighter animals by predators 
Ex. Black Peppered Moths 

	Lamarck
	-Created Uniformitarian Theory of Geological Change 
Lamarckism, an idea that organism can pass on characteristics that are acquired during the lifetime to its offspring (Heritability of acquired characteristics)
-Individual efforts drive species to adaptation, and pass to offspring

	Law
	-Universal 
-Biology not considered universal (Restricted to planet Earth)
-Not many laws exist for bio:
Biology = young science (unlike physics/chemistry)
-Mendel: Law b/c created mathematical explanation for reproduction and phenotypes/genotypes [Punnett  Squares]

	Leclerc
	-Studied felines; v. affluent to create Histoire naturelle, book based on his travels
-Believed everything arrived to one location (Garden of Eden) and dispersed 
-Believed that organisms were influenced by abiotic environment 
-Organisms change over time; essence changes depending on environment for better fitness

	Linnaean Taxonomy
	-Mechanical: Has distinct set of categories, grouped by similarities
-Hierarchical order (Biggest category -> smaller and smaller)
-Classification not based on biology but appearance/phenotype: No heritable traits known, essence makes organism unique and is passed onto future generations

	Linnaeus
	-First to take descriptions created by Aristotle and Theophrastus and organized based on mechanical taxonomy (re-ordering based a clear set of rules) 
-Turned artificial taxonomy into mechanical taxonomy (put into hierarchical order)
-Provided binomial nomenclature: a short way of describing organism (based on Genus and Species) 

	Logical Prediction
	-Predict the outcome through hypothesis
(Putting through argument)
-Used in science
-“I have this, this will happen…” 

	Mechanical Taxonomy
	-System of organization that has a distinct set of categories unlike artificial or folk taxonomy 
-Groups organisms based on categories and subcategories
-Classification not based on biology but phenotypes
Ex. Linnaean taxonomy

	Middle Ages
	-Medieval Ages (450-16th Century)
1. Early Middle Ages (Dark Ages)
-Collapse of the Roman empire (invaded by Germany (Goths) 
-Destroyed communication or opportunity to increase knowledge
2. High Middle Ages 
-Advancement of knowledge and culture
-Time to rebuild empire: Cathedrals, Roads
3. Late Middle Ages
-Black Plague (1/2 population of Europe wipeout) =Ring around the Rosie
-All advancement stops in western area

In Byzantium and Islamic World: 
-Downfall of Europe, improvement of Arab empire in knowledge and science
-Scientists: 
Al-Jahiz: Natural Selection
Al-Dinawari: Plant expansion of Theophrastus’s work
Avicenna: Arab medical writing to Hippocratic corpus
Alhazen: Scientific Method
Ibn al-Baitar: Pharmaceutical index of plants (list of cures, doses) 

	Natural Sciences
	1. Animate objects
2. More than physical and chemical laws
3. Not universal
4. Based on historical narratives
5. Induction used as basis of method
6. Multiple Theories
7. Single Falsification= not enough to abandon theories 

	Null Hypothesis
	-Opposite of the hypothesis, opposes hypothesis
-A hypothesis that the researcher tries to disprove
-“Null”: Common view of something –is trying to disprove what is commonly thought

	Organicists
	-Combination of physicalists: all living things are machines with exception of humans and vitalists: physical and chemical laws apply but living things have vital force
-Vital force replaced by genetic program and importance of emergence (Patterns arise through interaction of smaller entities that do not exhibit such properties)
Ex: Swarms who collectively learn from each other without having direct association 

	Physical Sciences
	1. Inanimate Objects
2. Physical and Chemical Laws
3. Universal
4. Based on empirical observations
5. Experimentation-based method
6. Single Theory
7. Single falsification- destroys theory 

	Physicalists 
	-With the exception of humans (who resemble Gods), all living things are machines 
-Mathematic equations can be found in living organisms
-Must follow the laws of chemistry and physics

	Primary Reference
	-Organic material that present original thinking, report discovery, or share new info 
-Directly involved in research 
-Key source of scientific facts

	Proximate Causes
	· Physical science-like biology
· Based on phenotypes (morphology and behavior)
· Mechanical (predictable)
· Here and now
· Genes that are in action
· Experiments 

	Sampling Error
	-Error caused from observing sample instead of whole population 
-Reason for multiple experiments done in order to cluster results and make more precise to actual value (Gives a bell curve –average result)

	Scala Naturae
	-Created by Aristotle when he created inventory for living and non-living using characteristics he found most valuable 
(Live birth, 4 legs etc.)
-Polytheistic into monotheistic in Medieval Ages
-Artificial taxonomical system that places Gods before and everything in an order 
-Also called Great Chain of Being

	Secondary Reference
	-Reference who wrote article did not do all research involved
-Review articles and write summary articles (has a few references)

	Special Creation
	-Belief that every species was individually created by God in form which it exists today and is not capable of undergoing any change 
-Contradicted by fossil evidence and genetic studies 
-Cannot stand up to logical examination

	Taxon (Taxa)
	-Group of one or more populations of organisms to form unit
-Linnaean taxonomy separated organisms into general to specific taxa: Kingdom Class Order Genus Species 

	Tertiary Reference 
	-Author has familiarity in the field but is not their field (not experts)
-Little to no references
Ex. Textbook: Mix of people’s thoughts 
National Geographic

	Theophrastrus 
	-Student of Aristotle
-Studied plants (used for medicine, agriculture, fibers for cotton and wood)
-Produced 10 book on the division of plants based on reproductive structure and how they produce plants (Very Accurate)

	Theory
	-Something that has been demonstrated multiple times (an explanation that is supported and accepted)
-Below the level of fact: always have to leave room for alternate explanation 
-Theory not in science: Something that may or may not have happened, guess

	Ultimate Causes
	-Natural science-like biology
-Based on genotypes (genes and history)
-Variable (probable)
-Evolutionary past
-Changes in genetic programs
-Historical narratives 

	Van Leeuwenhoek
	-First to produce a microscope using a glass bead
-Allowed to see smaller organisms known and seen
-Allowed to see that smaller organisms were made out of cells 

	Vesalius
	-Father of Human Anatomy
-Mapped out muscle and organ orientation 
-Wrote On the fabric of the human body (7-book collection on human anatomy)
-Advanced knowledge in human biology

	Vitalists 
	-Physical and Chemical laws apply but living things don’t behave in the way of mathematics
-No mathematic equations within living organisms
-Believed in essentialism: Animals had an essence that made them who they were and they passed this trait to future generations 
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