Lab 2
The Scientific Method













What is science, and how does one do science?  Very simply, science is an investigation to gain knowledge about the physical universe.  One basic assumption made in science is that there is order in the universe and that we can comprehend it.  Clearly we are aware of our own neurological and mental limitations; that in itself is a subject of scientific investigation.  Nonetheless, we do attempt to understand the order of our universe through science.


Homo sapiens generally have very inquisitive minds, and are always making observations of the world around them.  Since we as scientists assume order, we pursue explanations of phenomena observed, and the mechanisms that drive those phenomena.  We ask questions.  We hypothesize about possible explanations.  We set up careful experiments to test our hypotheses.  We analyze our data and, based upon these results, we reject or accept our hypotheses.  Notice that we did not use the word “prove”.  Evidence in support of a hypothesis means that right now, there is no better answer, but one day technology or new insights may provide more and different information and cause us to change the explanation.  That doesn’t mean that we lack confidence in well-supported ideas, it simply means there is no dogma in science. 


Another important assumption in science is that these results are repeatable using the same tests under the same conditions.  If the results are not repeatable, then our conclusions are not valid.  


The SCIENTIFIC METHOD is the way in which scientists perform these investigations.  It provides a systematic and rational approach for answering questions about the natural world in a way that can be duplicated or repeated.  Because it is a systematic approach, it involves a series of steps, or processes used by scientists to conduct their investigations.  


In this lab you will become familiar with the scientific method.  You will learn to both design and conduct scientific experiments, and to analyze and present the data that you collect.  The subject of our experiments will be Daphnia, a small aquatic organism, visible using a stereo microscope (dissecting microscope).  Because Daphnia  are transparent, the heartbeat is readily observable.  Using a microscope, one can easily calculate the heart rate (# of beats/minute) of an individual. See Figure 1 below of Daphnia showing the location of the heart.
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                      Figure 1.  Diagram of Daphnia, showing the heart and brood chamber.



Procedure:

To begin we will go through the steps of the scientific method.  The first step of the scientific method is to make OBSERVATIONS.  One may make observations from nature, or from reading or discussing previous studies or works of other scientists.  

I.
Obtain a stereomicroscope from the cupboard, plug it in and make sure the objectives and stage are clean.  If necessary, use the lens paper at your table to clean the scope.

II.
Each pair of students bring a small specimen dish to the front bench.  Using a toothpick, place a tiny amount of Vaseline (about the size of this dot () in the center of your dish.  Then using a plastic pipette, carefully take 1 Daphnia with as little water as possible and place it on the Vaseline.  It may be necessary to use a toothpick to nudge the Daphnia on to the Vaseline.  The Daphnia does not have to be stuck too hard!

III. As soon as the Daphnia is in place, use the plastic pipette and measure 5 ml from the “conditioned water” container into the dish.  Return to your lab bench and begin making observations.

IV. Place the specimen dish under the stereoscope.  Using the focus knobs, bring your specimen into focus and observe using the top light of the stereoscope only.  Look carefully and use the following space to record three observations.  EX:  The Daphnia's heart is beating.

1.


2.


3.


V. Now measure the heart rate of the specimen.  While one partner is timing, the other partner counts the number of heart beats in a one minute period.  This is the heart rate.  (Because the heart rate is so rapid in Daphnia, it may be simpler to count the number of heartbeats in a 15 second period, then multiply by 4 to get the # of beats/minute.)  Your instructor may have some tips on how to count accurately what may be a very rapid movement. 

VI. Record the heart rate.

_______________ beats/minute.


As you watch the Daphnia, you may be asking yourself, what kinds of conditions might affect the heart rate of Daphnia?  Does it respond to stimuli the same way a vertebrate heart might respond?  This is the next step of the Scientific Method, to ask a QUESTION.  Questions are generated from the observations that you have made.  Discuss your observations with your classmates at your lab table.  Collectively, come up with four questions about what conditions might affect the heart rate of Daphnia.  Record them here.  EX:  Will adding a drop of a tranquilizer affect the heart rate of Daphnia?

1.


2.


3.


4.



Now, based on your observations and any knowledge you may have about effects on heart rate, come up with (or induce) a tentative explanation or answer to your questions.


These statements are HYPOTHESES.  A hypothesis is a general statement or potential explanation of observed phenomena that leads to testable predictions.  Record your group’s hypotheses here.  Appoint a spokesperson to present these to the rest of the class so we may discuss them as a group.  EX:  Invertebrates are not sensitive to the effects of tranquilizers.  

1.


2.


3.


4.


A hypothesis specific enough to be tested with a well designed experiment is a PREDICTION.

Predictions are often in the form of an if/then statement.  For example:  If invertebrates are not sensitive to the effects of tranquilizers, then heart rate will not decrease when Daphnia are exposed to a solution containing a barbiturate.  

Hypothesis Testing and Experimental Design

It is very important that the prediction be testable!  A test is an attempt to secure actual observations in order to determine whether they match the predicted or expected results.  This can be done using careful observations, performing experiments, or developing models.


To test our predictions, we will design an experiment.  We can provide the following materials to assist you:

· Ice bath and 37SYMBOL 176 \f "Symbol" C water bath

· Saline solutions: 0.1%, 1%

· Caffeine solutions: 0.1%, 1%

· Ethanol: 0.5%, 2%

Each lab table is to agree on one testable hypothesis and state it below  

HYPOTHESIS:

Reword your hypothesis as a prediction you would like to test.

PREDICTION:


To begin designing your experiment, you must first define your VARIABLES.  A variable is an event or condition subject to change; i.e., light, temperature, food resources.

INDEPENDENT VARIABLE:  The condition or event under study, or the condition that is varied.  There will be only one independent variable, so that any responses can be attributed to that one variable and no others.  Ex:  food resources.

DEPENDENT VARIABLE:  A condition or event that could change or respond due to the presence or change of the independent variable.  It is what the investigator measures or counts.  Ex:  Number of individuals, growth rate.

CONTROLLED VARIABLES:  A condition or event that could affect the outcome of the experiment (a potential independent variable), but does not because it is held constant and not varied.  Ex:  light, temp., etc.


To set up your experiment, first identify your variables.  For example, the drop of tranquilizer would be an example of an independent variable, the condition you would vary.  

What will be your independent variable?

What will be your dependent variable?

What other variables will you have to keep track of and keep constant as your controlled variables?


Determine what will be the independent variable and decide how it will be incorporated into your experiment.  How will you apply the treatment and how much and/or how often will you apply it? What concentration will you use?  This will be your experimental treatment, where you manipulate the independent variable.  The control treatment will be a treatment in which you will either exclude the independent variable, or hold it at a predetermined level,  keeping everything else the same.  The control treatment enables the experimenter to be sure that the measured effects are the result of the independent variable.  In the tranquilizer example, the control treatment would use no tranquilizer.  The experimental and control treatments must be conducted in precisely the same way and under the same conditions, with the exception of the independent variable.A control treatment is not the same as controlled variables.  In a sentence or two, clarify the difference between a control treatment and standardized or controlled variables.

Now that you have a hypothesis and have identified your variables, you can develop your methods or procedures.  As you design your experiment, keep in mind what kind of data you will collect, and how you will collect it.  Because of the variation that occurs within natural systems and between individuals, you must REPLICATE or repeat your experiments.  The more individuals you test, or the greater number of times you run the experiment, the more you can account for natural variability, i.e. the more reliable are your results.


You will work in pairs.  Each pair will run two replicates for both control and experimental treatments (2 Daphnia per pair).  Since both pairs at a lab table will conduct the same experiments, pool your data for a total of four replicates (4 Daphnia).


When you and your partner have completed your experimental design, discuss the proposal with your instructor before collecting data.   Only when the proposal is approved may you proceed.  Collect and record all the data on your data sheet below.

Design notes: 

· Do not use the originally recorded heart rate as your control, but recount the heart rate.

      Begin with the control treatment and then test the experimental treatment.

      Use the same organism for the control and experimental treatments.


Repeat the experiment using a second individual.

· For each treatment use 5 ml of solution. 

· Use a plastic pipette to remove solutions from dish before adding the next solution.  Empty the pipette completely and wipe the tip before reusing.  

· If using temperature as a variable, use 5 ml of the appropriately warm or cold water.  For temperature experiments only, fill a dish with either 5 ml ice cold or 37( C water.  For cold observations, set the small dish with Daphnia in a larger dish filled with ice to maintain the cold temperature.  This set-up can still be viewed under the stereoscope.

· Return Daphnia to the recovery tank when finished.


Using the following table as a guide, design a data sheet for your experiment, filling in the specific treatments you will use.

Table 1.  Sample data sheet for measuring effects of experimental treatments on heart rate.

	Treatment
	Specimen 1
	Specimen 2 
	Specimen 3 
	Specimen 4
	*Mean (SYMBOL 67 \f "Symbol") 

	Control


	
	
	
	
	

	Experimental


	
	
	
	
	


*  The mean is the average heart rate of the four specimens.  It is calculated by adding the heart rate of each specimen and then dividing by the number of specimens, in this case, 4.

Tables and Graphs 

Once you have collected your data, you must interpret it and decide whether to reject or accept your hypothesis.  The best way to summarize your data is to organize it into tables and graphs. The example of a data sheet, as illustrated in Table 1, is a simple table.  It is a series of rows and columns that report either raw data, or summarized data such as averages or percents.  All tables should have captions or titles located above the table, and all columns and rows must be properly labeled.


Graphs are a good way to organize your data visually.  By illustrating your results graphically, you may be able to identify trends or relationships that were not obvious from a table.  A graph is a diagram showing the relationships between the independent and dependent variables.  The independent variable is normally plotted on the X axis and the dependent variable (the condition you are measuring) is plotted on the Y axis.  Each axis must be properly labeled with the name of the variable and the units of measurement.  Intervals of data must be evenly spaced across each axis, usually beginning with zero and in even increments, for instance, 0, 5, 10, 15, 20.  Do not use numbers that specifically correspond to the data you collected. A graph needs a figure number, and a title or figure caption.  These are placed below the graph.


There are two types of graphs that you may choose to represent your data, the line graph, and the bar graph.  Choosing which type of graph you use depends on the type of data you have collected and what type of information you want to convey.


Line graphs illustrate numerical changes of the selected variables over a particular range, such as time, or concentration.  Use a line graph to present continuous data.  Each datum (singular for data) is plotted as a separate point.  The points are then connected by a straight line, or a smooth curve.  You may include more than one set of data on a line graph, as long as a key to each line is included (see Figure 2).


A bar graph illustrates discrete or separate categories.  Data are presented as a series of vertical bars.  Bar graphs are useful when the data are non-numerical, are discontinuous or represent a range of values.  For example if you were to plot the difference in heart rate between males and females, you would use a bar graph (see Figure 3).  You should present your data today in a bar graph.  
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 male and female  runners.

Using the graph paper provided, construct a bar graph to illustrate your data.

Interpretation of Data

Now that you have organized your data, it is time to interpret your results.  What happened?  Use your graph to answer the following questions:

Did the independent variable cause any changes in your dependent variable?

Did you observe a change from the control? What type of change?  Be specific.


You should begin to be able to pick out some trends in your data.  You may be able to make some inferences about your hypothesis.  Do the results support or discredit your hypothesis?  Remember, one does not prove a hypothesis.  Scientific research accumulates evidence in support of hypotheses.  Experiments are continually repeated and future studies can reject previously accepted hypotheses, or further support them.  If your results are successfully duplicated, your conclusions may ultimately become an accepted THEORY.  A theory is a generally accepted scientific principle supported by substantial evidence and repeated testing.  Note the word theory has a different connotation in science from the way we use it in non-scientific conversations.


Do your results support or discredit your hypothesis?  Why?


If they discredit your hypothesis, propose an alternative hypothesis.


How might you conduct your experiment differently if you were to do it again?


What new questions do you have?


What general conclusions can you make?

When you are finished, clean up your lab space and return all equipment to their proper places.  
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