Using Dichotomous Keys, Making Observations, and Forming Hypotheses
Biologists have an extensive system for classifying, identifying, and naming organisms.  One way that we then use the information about an organism’s classification is through dichotomous keys.  These keys use observable traits and create a series of decisions between two options (hence, the term Dichotomous), and continue to narrow down your identification.  We will practice using a dichotomous key with aquatic invertebrates.
Directions  

With your group, collect at least 5 different insect orders.  For all 5 specimens, record:

· insect order ,
· common name,

· life stage (adult or larvae),
· its feeding group (filterer, gatherer, scraper, predator, or omnivore),

· approximate depth where you collected it (in cm),

· substrate where you collected it (leaf litter, mud, sand, pebbles, or large rocks),

· whether or not there were aquatic plants where you collected it, and

· approximate flow of the steam where you collected it (none, low, moderate, or high).
Aquatic Macroinvertebrate Feeding Groups
Filterers: scuds (Amphipods), caddisfly larvae, fly larvae and isopods 
Gatherers:  mayfly larvae, crayfishes, threadworms and midge larvae often graze on fungi found growing on decaying organic matter 
Scrapers: Snails and caddisfly larvae feed on algae that are growing on stones or surface vegetation.

Predators: Carnivorous true bugs, fishflies, alderflies, dobsonflies, beetle larvae, damselfly larvae, and dragonfly larvae 
Omnivores: such as adult aquatic beetles act like both gatherers and predators, feeding on whatever they can find
Forming Hypotheses

While collecting these organisms, you undoubtedly made a number of observations about abundance, density, distribution, etc. with regards to environmental factors such as substrate, flow, depth, etc.  Using these observations, you and your partners should develop a scientific hypothesis, a suggested protocol for carrying out an experiment to test your hypothesis, and a prediction of what your results would be if your hypothesis is correct.

Asking scientific questions.  There are several considerations related to asking scientific questions. First, it is important to consider whether or not the question falls within the realm of scientific inquiry. For example, questions about the nature of the human spirit fall beyond the scope of scientific inquiry. Typically, scientific pursuits are confined to the study of the physical universe, which includes living and nonliving parts.
Second, it is important to focus questions so that there is a reasonable opportunity to answer them given the appropriate tools and experience or background knowledge. For example, asking, "What is heat?" is a very broad question that does not easily lend itself to figuring out what kind of information is needed to answer the question. Yet it is possible to learn something about the nature of heat by focusing the question. Asking how plant growth is influenced by temperature does readily lend itself to scientific testing. A number of similar plants can be grown in different temperatures and compared in terms of height, weight, or number of seeds produced.
Simple Rules:

Questions must be answerable within a reasonable time limit. Questions such as "how?", "which?", "where?", "is there a difference?", are likely to be answerable. In contrast, "why?" questions, while often more intriguing, are rarely answerable. Instead "why?" questions constitute the core of reflection phase of science learning processes and are also the key to generating additional inquiries. For example, the question "Why are there more mosses on one side of a tree than on the other?", while intriguing and itself capable of generating a number of new answerable questions, would normally be posed in the reflection phase following affirmation, through inquiry of the first question. 

Questions must be comparative, and the comparison must have some basis or general context involving common sense and logic or some prior knowledge of general concepts that would lead one to expect the comparison to yield a difference. A comparative question forces the inquirer to think about the question and leads to reflection, where as a non-comparative question is often a dead end. An example such as, "How many insects are in the leaf litter in that shaded corner next to the building?", is a non-comparative question. Its genesis doesn't involve a broader significance of the results found. The question, "Are there more insects in the leaf litter in this shaded comer than in that one?", is a comparative question but, it does not involve any particular broader reason for making the comparison. In contrast, the question, "Are there more insects in the leaf litter in the shaded corner than in the sunny corner?", is a truly comparative question with a broader conceptual framework. Here the two questions are specific examples of much broader categories of places and much broader concepts (sun = hot, dry; shade = cool, moist, maybe little crawly things prefer, or survive better, under one set of conditions better than another, which would mean that here there should be more insects in ... ).

Questions must be somewhat tantalizing, that is, they must involve neither an overly tedious procedure nor an overly obvious predetermined answer. A question that otherwise complies with rules 1 & 2 could still be a downer if (a) the answer is blatantly obvious or predictable at the outset; or (b) if the answer is non-obvious but the tedium of the data collecting necessary to answer the question far overwhelms the thrill of the chase and the potential for reflective learning. Example of (a): "are there more insects in this leaf litter in the shady comer than in the paved parking lot?". Example of (b):"Is the average size of leaves on this 30 m tall poplar tree different than that 22 m tall poplar, sampling 1000 leaves per tree at random?". 

Scientific Process.  An example follows to show you the different steps used to answer testable questions.

Question: This process - question, action, reflection - is how a scientist works through problems and tries to explain the natural world. Asking questions is the starting point.

Based upon observations, the following example question was formulated.

	Question: Which corner has more insects?



This question asks where insects occur. Obtaining more information through observation and reading allows one to form hypotheses to explain the distribution of insects.

Hypothesis - An explanation of natural phenomena is tested by a general hypothesis such as:

	Hypothesis: Insect density is directly affected by environmental conditions.



Prediction - A prediction is based on the hypothesis, and states in advance the result that is expected to be obtained from testing the hypothesis. Most predictions are written in the form of if/then statements: "If the hypothesis is true, then the results of the experiment will be…"

	Prediction: If insect density is directly affected by environmental conditions, then there will be a higher density of insects in the leaf litter in the shaded corner   than in the sunny corner.



When evaluating the results of an investigation, you should revisit your prediction. If the results match the prediction, then your hypothesis is supported. If the results do not match your prediction then your hypothesis is falsified.

