
INTRODUCTION TO BIOLOGY – “What to expect…” 
 Learning biology can seem overwhelming for a few reasons. One major factor is the 
breadth of information involved; biology studies everything from the organic molecules that 
provide the fundamental structure of living things to the complex interactions between 
organisms and the nonliving environment in an ecosystem. Biology doesn't skimp on depth 
either, for at the most fundamental level; it involves biochemistry, principles that guide the 
metabolism of any cell or organism.  Another issue is the sheer number of vocabulary terms 
involved in the discipline.  
 While it may seem as if learning biology is like learning a new language, the more you 
focus on recognizing the Greek and Latin roots present in terms, the more you are building 
an understanding of the meaning behind a term rather than simply memorizing a definition. 
You will learn to predict the meaning of new terms before you ever read the definition.  
Using the prefix, suffix, and root list provided to you in this course, you will be able to 
develop your skill at predicting the meaning of the “words of biology”. 
 Learning these roots, prefixes, and suffixes will not only help you in biology class, you 
will see that these “words” will help you in all of your classes.  It is important to learn them 
little by little and be able to recognize them in various biological terms.  The list you will be 
given in class contains the basic roots, prefixes, and suffixes you will encounter in biology.  
You will need to learn the lists as you will have several assessments through out the first 
semester. 
The Study of Life 
 If you aren't already interested in biology, you should be! Take a walk outside, and 
you will be surrounded by all things biological. Think about the ingenious way that plants 
are able to produce their own food and then thankfully share it with us. Consider how we 
and other animals are able to extract oxygen from the air and why we really need it in the 
first place. From a more selfish perspective, biology explains how your own body works and 
what you need to do to keep it healthy and functioning optimally. 
 How does a student of biology manage all this information?  By approaching biology 
as a set of themes.  This thematic perspective can be a significant tool for both organizational 
and memory purposes. 
SECTION 1 – The Themes of Biology 
 Themes of biology can be devised and phrased in many ways, in this class we will look 
at six themes: 

1. Relationship between structure and function – the particular form a thing takes is 
 related to the particular task it is designed to carry out.  

2. Continuity and variation – the way in which many organisms depend on cycles to carry 
 out life processes, as well as by the very notion of evolution and adaptation. 

3. Theme of regulation, feedback and response -- organisms and the ecosystems they 
 inhabit have mechanisms for detecting a change away from optimal conditions and 
 can employ physiological mechanisms to bring the conditions back to normal. 

4. Energy transfer -- variety of ways in which organisms convert one form of energy into 
 another in their quest to carry out life.  

5. Interdependence in nature – the myriad relationships that different species have with one 
 another within an ecosystem.  

6. Process and application of science -- the way in which scientific inquiry is conducted  is just 
 as important as the product of that inquiry, and science is often carried out  with an 
 ultimate goal of contributing positively in some way to the world. 



Using and applying the themes of biology might seem overwhelming at this point, but once 
you start to think thematically, you will find many natural connections between a variety of 
concepts that you otherwise might not recognize. 
 
SECTION 2 - Levels of Biological Organization 
 In addition to the themes of biology, it is helpful to understand that the discipline of 
biology is structured around the notion of increasing levels of organization. The smallest 
level of biological organization to constitute a living thing is the cell, but there are even 
smaller levels that are significant in understanding how the cell and other more inclusive 
levels of organization function. 
 
1.  CHON Atoms - Atoms, the smallest naturally occurring form of matter in all substances, 
are predominantly in the form of carbon (C), hydrogen (H), oxygen (0), and nitrogen (N) 
within the cells of organisms. 
 
 
2.  Organic Molecules - Organic molecules are the stuff of life. They generally possess a 
backbone of carbon, a versatile atom that can form up to four bonds with neighboring atoms. 
These carbon skeletons can take on a variety of forms as well, from straight and branched 
chains to rings, the diversity in the structure of organic molecules allows for the multitude of 
functions required by organisms to sustain life. 
 
3.  Organelles - When organic molecules bind together in specific ways, they form 
organelles, which have specialized structures designed in the best way to carry out a given 
function. A typical plant cell is a chloroplast, a specialist in converting sunlight energy into 
food, whereas a typical animal cell is a lysosome, a small container of digestive enzymes for 
breaking down food molecules. 
 
4.  Cells - All of the organelles that are bound together within the confines of a single 
membrane are then part of the same cell. A cell is the fundamental building block of all of 
life; that is, an organism must be composed of at least one cell to be truly considered a living 
thing. If a cell contains organelles that have their own membranes, then the cell is 
considered eukaryotic. Plant, fungal, and animal cells are all eukaryotic in design. Bacterial 
cells, on the other hand, are considered prokaryotic because their organelles lack membranes. 
 All organisms, from the simplest bacteria to the most complex plants and animals, 
share the cellular level of biological organization. The most important thing to understand 
about the biological levels of organization is that an organism must possess a lower (less 
inclusive) level of organization in order to possess a higher (more inclusive) level. For 
example, for a plant to have a specialized organ like a flower, that organ must have true 
tissues made up of specialized cells working together for a common purpose. The cells in 
those tissues will look different and function differently from those of a different tissue 
within the individual plant. Without this fundamental cell structure, an organism would not 
be able to carry out all necessary life functions and would not possess all of the 
characteristics of life.  Levels 1 – 4 above occur for all organisms (uni & multi) while the 
remaining levels occur in multicellular organisms for their survival.  The levels of 
organization simply become more complex and require additional levels of coordination and 
integration to keep the organism functioning. 



5.  Tissues - If an organism is multicellular, then it often has collections of different, 
specialized cells working together for a common purpose. This constitutes a tissue. A 
characteristic animal tissue type is muscle, which facilitates movement through its contractile 
properties. A typical plant tissue is vascular, meaning it is designed to transport water and 
food throughout the various parts of the plant body. 
 
6.  Organs - When different tissues work together for a common purpose within a specific 
region of an organism, the organ level of biological organization has been reached. Typical 
plant organs include the leaf and the root, whereas typical animal organs include the gut and 
the heart. 
 
7.  Organ Systems - When different organs coordinate efforts to achieve a desired outcome 
for an organism, they constitute an organ system. In plants, organ systems include the root 
system (organs below ground) and the shoot system (organs above ground). In animals, the 
organ systems are typically much more numerous. Animal organ systems include the 
digestive and circulatory. 
 
8.  Organism - An organism is any living thing. Some of the organisms with the simplest 
structures are unicellular, composed of only one cell and thus invisible to the naked eye. 
Examples are bacterial species like E. coli and Salmonella. Many others are multicellular, 
composed of many cells. The typical human body is composed of trillions of its own cells 
and, somewhat shockingly, is also populated with even more bacterial cells inside certain 
organs and on body surfaces. 
  
 As you can now understand, organisms are greatly dependent on appropriate and 
functional organization. A cell may have a specialized function by being composed of a high 
concentration of a particular organelle. A population may be out of balance if the number of 
individuals of one biological sex differs vastly from the number of those of the other. 
 Another interesting concept that is illustrated by the biological levels of organization 
is that of emergent properties. An emergent property is one that does not exist at one 
particular level but then emerges as a significant characteristic at the next, higher level. For 
example, neither an organelle within a heart muscle cell nor the muscle cell itself has a heart 
rate, but the collective organ of which they are a part the heart does. Emergent properties 
account for the synergetic notion that the whole is greater than the sum of its parts. 
 
SECTION 3 - The Six Characteristics of Life 
 For something to be considered a living thing, and thus relevant to biological study, it 
must have all of the following six characteristics of life. Even if it had most of the 
characteristics and lacked only one or two, it would still not technically qualify as an 
organism. This helps to distinguish bacteria from viruses, two familiar things that can make 
us sick. There is a big difference between them: bacteria are unicellular organisms that meet 
all six characteristics of life, whereas viruses are not composed of even a single cell and thus 
cannot meet the strict definition of life. 
 
1.  Cells and Organization - The lowest level of biological organization known to be able to 
support life is the cell. A cell's contents are contained by its own plasma membrane, and its 
traits and activities are directed by its genetic code, which is stored in the form of DNA. 



Organelles specialize in structure and function and then coordinate activities within the cell 
to support all of life's processes. 
 
2.  Presence of Metabolism - Metabolism is the sum of all the chemical reactions that take 
place within a cell or an organism. These chemical reactions involve reactions of two main 
types: those that are catabolic are responsible for breaking larger substances down into 
smaller ones, and those that are anabolic build up larger substances from smaller ones. 
 
3.  Ability to Reproduce - Reproduction, the creation of new organisms from existing ones, 
occurs in one of two main forms, depending on the number of parents involved. When a 
single parent produces an offspring, asexual reproduction occurs. The offspring is typically a 
genetic clone of the parent, because the asexual parent passes on an exact copy of its genome, 
a set of all of its genes, to its offspring. 
Each gene contains a code for making a protein that helps the organism express a trait. 
Sexual reproduction involves two parents, each of which passes along only half of its genetic 
material to its offspring through specialized reproductive cells. Development is typical in 
more complex, multicellular organisms when a juvenile form changes morphologically over 
time to achieve the adult form. 
 
4.  Ability to Grow - Organisms achieve growth in one of two primary ways: cell enlargement 
and cell division. If an individual cell increases its size by increasing its surface area and 
volume, then cell enlargement has occurred. However, if a cell splits to create two offspring 
cells, then cell division has occurred. If an organism is unicellular, then it can only undergo 
cell enlargement; if it divides, then it is actually reproducing. Multicellular organisms 
experience some degree of both cell enlargement and cell division in order to achieve overall 
growth. 
 
5.  Maintenance of Homeostasis - Homeostasis is an absolutely critical survival characteristic 
for organisms in ever-variable and unpredictable environments. It involves the mechanisms 
by which cells (and thereby the higher organizational levels, like organs and organisms) can 
maintain stable internal conditions even when the external environment in which they are 
placed is variable. 
 
6.  Detection of and Response to Stimuli - Cells and organisms must have some means of 
picking up on important cues in the environment that might affect their well-being and then 
reacting appropriately. For example, many organisms have an ability to detect levels of light 
(through photoreceptors in eyes and photosynthetic organelles called chloroplasts in plant 
leaf cells) and may adjust position to interact optimally with the given light levels. 
 It is easy to confuse the six characteristics of life with the six themes of biology. It is 
important to remember that something must possess all six characteristics of life to be 
classified as an organism. These characteristics can thus be used to explain why a bacterial 
cell is considered alive, whereas a virus is not. The themes of biology are six overarching 
principles that help us relate different concepts across all units within the discipline. 
 
SECTION 4 – The Scientific Method 
 Scientists of all types rely on a logical, organized approach to investigate the physical 
and biological world. That approach, the scientific method, is important in that it encourages 



objectivity and discourages bias. It also allows other scientists to replicate the procedure and 
verify (or refute) the results. 
 
Step 1 - Making Observations - Observations involve the use of the senses to perceive a 
natural phenomenon. Humans tend to rely heavily on sight to observe visual stimuli, but 
stimuli perceived through hearing, touch, taste, and smell can also be significant, depending 
on the conditions.  
 
Step 2 - Forming a Hypothesis - A hypothesis is an educated guess about the outcome of a 
natural phenomenon or event based on prior knowledge and observations. It may include a 
specific prediction about the outcome should the hypothesis be true.  It is always written in 
the form of an “If..then” statement. 
 
Step 3 - Conducting an Experiment - Data must be collected during an experiment to use as 
evidence for the support or rejection of the hypothesis. Data can be qualitative (described in 
words) or quantitative (described in numbers). A controlled experiment is the standard in 
science, as it provides a way to control for all factors except the one idea being tested. In a 
controlled experiment, the researchers separate test subjects into two groups, the control 
group and the experimental group. The two groups should be identical in all ways, except that 
the experimental group receives the experimental treatment under evaluation and the 
control group does not. 
 The treatment applied to the experimental group and withheld from the control group 
describes the independent variable that is specifically controlled by the researchers and will 
potentially cause some change in the group to which it is applied. Much of the data collected 
during the experiment will involve the dependent variable, or outcome variable. This is the 
predicted outcome of the independent variable that should be observed in the experimental 
group and not the control group. 
 
Step 4 - Analyzing Results and Drawing Conclusions - The data are analyzed, often through 
the use of statistics, graphs, and models. The effect the independent variable had on the 
dependent variable is examined by comparing the results for the control group with those of 
the experimental group. Any significant variation is assumed to be due to the only difference, 
the treatment of the independent variable in the experimental group. 
 
Step 5 - Contributing to a Body of Scientific Knowledge - The methodology employed and 
results obtained in any experiment can be shared clearly and consistently with the scientific 
community through research articles in scientific, peer-reviewed journals. If the results can't 
be replicated under identical conditions, then the conclusions may be called into question 
once again. 
 The concepts of independent and dependent variables are easily confused. It may 
help to consider the independent variable as the condition manipulated by the biologist 
conducting the experiment. Similarly, the dependent variable should be considered the 
outcome of the experiment; it thus depends on whether the independent variable was applied 
to a group. 
 The difference between experimental and control groups can be perplexing.  
Remember that of the two, the experimental group receives the treatment of interest ("+ 
independent variable" ), while the control group does not receive the treatment of interest (" 



— independent variable" ). The control group thus serves as the point of comparison and 
allows researchers to determine if the independent variable was responsible for any 
difference (dependent variable) observed between the two groups. 
 Although the scientific method is often described as comprising the series of steps 
presented here, there are really a vast number of different and equally valid approaches to 
scientific inquiry. The power of observation and the ability to pay close attention to detail are 
valuable skills in carrying out scientific experiments. For the results of a particular 
experiment to be considered valid, others must be able to replicate the procedure and 
produce the same results. If they can, the conclusions may then be adopted by the discipline 
and the larger scientific community. 
 For science to be collaborative on the global level, clear and consistent 
communication is important. One way this is demonstrated is through reliance on the peer 
review process before scientific research is published in the literature. Experts in the field 
must agree that the process is valid and that there is no apparent bias inherent in the 
experimental design that might have affected the results. Another demonstration of the 
significance of communication in science is through the use of the metric system for data 
collection. The units of the metric system are based on powers of 10, so conversions and 
calculations are relatively easy. 
 Theory is one of the most misunderstood and commonly misused terms in all science. 
(Usually, one should use hypothesis.) While in common conversation, it may mean "just an 
idea," the term holds much more weight in science. In fact, it should be equated in principle 
to the term law. The theory of evolution by means of natural selection and the cell theory are 
both large, overarching principles, each supported by a massive body of evidence.   
 
SECTION 5 – The Tools of Biology 
 A microscope is an essential tool for many biologists. The lenses within a microscope 
allow the biologist to magnify an object, or enlarge its apparent size, so it can be seen by the 
human eye. Adjusting other parts of the microscope the coarse focus and the fine focus 
helps to refine the resolution, or clarity, with which the enlarged specimen can be seen.  For 
a long time, only light microscopes were available to biologists. Light microscopes, 
particularly compound light microscopes with a set of two lenses, are still of great use today, for 
they are the most powerful types of microscopes and allow us to see organisms while they are 
still living; these microscopes are relatively inexpensive and easy to use. Their more recent 
counterpart, the electron microscope, allows us to peer inside cells and see the details of cell 
and organelle surfaces. The downside of electron microscopes is that organisms must be 
dead, the equipment is very expensive and physically large, and users require specialized 
training. 
  
 
 
 
 
 
 
 
 
 



ASSESSMENT QUESTIONS  
 1. An atom of carbon or hydrogen is to an organic molecule as is (are) to a cell. 
  a. an organic macromolecule  c. an organelle 
  b. an atom of oxygen or nitrogen  d. all of the above 
 2. Which of the following organisms would not possess tissues? 
  a. A bacterium such as E. coli  c. An animal such as an earthworm 
  b. A plant such as a pine tree  d. A fungus such as a mushroom 
 3. Use the theme of the relationship between structure & function to describe the 
 concept of a cell. 
 4. A group of specialized cells working together to carry out a function is called 
  a. a tissue     c. an organelle    
  b. an organ     d. an organ system 
 5. Which of the following levels of biological organization would possess more  emergent 
properties than the others? 
  a. Cell      c. Organ 
  b. Organ system    d. Organism 
 6. Use the theme of continuity and variation to describe the concept of organs and  organ 
systems in a  complex, multicellular organism. 
 7. When an animal cell breaks down sugar to release energy in the process known as 
 cellular respiration (to be discussed in detail in Chapter 4), the cell is directly carrying  out 
which characteristic of life? 
  a. Growth     c. Homeostasis 
  b. Metabolism    d. Response to stimuli 
 8. When a plant adds more cells to its body, it is experiencing when it releases seeds  in a 
fruit, it is involved in 
  a. homeostasis; reproduction  c. growth; reproduction 
  b. reproduction; growth   d. development; homeostasis 
 9. Use the theme of energy transfer to explain the concept of metabolism as an  essential 
characteristic of  life. 
 10. Which of the following steps in the scientific method is usually also involved in all  the 
other steps? 
  a. Forming a hypothesis   c. Analyzing data 
  b. Making observations   d. Experimenting 
 11. Before it is made widely available through medical prescriptions, a pharmaceutical  drug 
is being tested on a group of humans who regularly suffer from migraines. One  group is given the 
drug, while the other is given a placebo (a sugar pill known to cause  no significant effect). The 
group  that is given the drug is predicted to experience a  reduction in migraine headaches. 
Which of the following is true? 
  a. The control group receives the drug. 
  b. The independent variable should be the drug applied to the control group   
 and withheld from the experimental group. 
  c. The experimental group receives the placebo. 
  d. The dependent variable is the number of migraine headaches experienced by  
 individuals in both  groups. 
 12. Use the theme of the process and application of science to describe the  significance 
of the microscope to the study of biology. 

 


