
[image: image1.jpg](b) Too much haste (o discard an observation that is not what you expected. One of the great discoveries of
medical scicnce came as a result of a scientist making an observation on some of his work which had
become contaminated. Sec the article attached to the bulletin board and determine:

(1) Who this scicntist was

(2) What his discovery was

(3) What observation led to this discovery
(¢) Too much haste to complete the lab so you can leave? Remember--it is your money vou have invested to
gain an education. Why not get your money's worth?

B. The majority of the observation we make involve the eye. Yet other scnse organs are extremely valuable
Obscrvations made by smell and hearing are very important for the survival of many wild specics. Humans also
find themselves in situations where the cyc cannot function as an observing organ (darkness. detection of
colorless gas. ctc. ). One vastly important resource which humans have to aid their physical senses in “sizing up”
obscrvations is the ability to rcason. This ability to reason, along with instruments such as microscopes and
colorimeters. has cxtended the human organism so that he is the most observant of all organisms.

[n this exercise you will be called upon to use your ability to rcason, possible some simple instruments. and your
physical senses to solve a problem. You may tackle this problem alone or work with a partner.

PROBLEM

To determine the contents of the mystery boxcs available at the demonstration table without:

(1) Opening the box so as (o sce the contents

(2) Crushing the box to fecl the contents

(3) Bribing vour instructor to reveal the contents

There are some boxes that arc empty which may be used as controls. Also in the tray at the demonstration
table arc scveral objects. One of those objects is in the box you have chosen. [t is your job to apply a
sufficient number of indirect tests to reveal the identity of your object in your mystery box. Complete the

following exercise in your attcmpt to solve the problem.

(1) What are some tests you can use o help you identify the contents of the box?

(2) Perform the test mentioned in #1 and give the results of each.

(3) List the evidence you collected which led to the conclusion of the identity of the item in your box.

(4) Your box number is

(5) The object in your box is

C. The best way to understand the steps of the scientific method is to use them. Our first attempt at using the
scientific method will involve an exercise using the famous Alka-Seltzer tablet.

(1) Place an Alka-Scltzer tablet in a beaker containing 200 mi=sf water. Observe the results-and-lisebelow
threc observations you made.





[image: image2.jpg]Scientists arc !hquisttive people. They are not satisfied with simply making observations. but they want to know
why or how such obscrvations came to be. For years people observed that detached. unsupported objects fall to the

ground. set it took a brilliant mind to ask “why". Knowing what questions to ask and knowing how to phrase these
questions is an art which is valuable 1o all scicntists

A Itis best if the problem is stated so that only 2 alternatives exist

~-that is, word the problem so that further
observation and/or cxamination can provide a “yes™ or “no” answer.

l Step 2:  Problem: A question raiscd about an observation. It is a characteristic of the scientific mind to ask questions
' General:

How do salmon find their way from the ocean (o the stream in which they are hatched?

Refined: (Only 2 alternatives) Do salmon use visual stimuli to find their way from the ocean to the stream in
l which they arc hatched?

The problem may first be asked in a gencral way. but it should be refined and worded in its final form so that only 2
l alternatives exist.

[ B. State two problems created by vour observations of the Alka-Seltzer tablet:
(1) General -
Refined -
(2) General -

Refined -

Step 3:  Hypothesis - A tentative solution to a problem: an educated Buess: a “might be”. Once a problem has been stated. a
solution must be sought. The hypothesis is a statement as to what you think the solution might be. The hypothesis
is not a wild guess. but a possible solution based on facts obtained from your own experience or the experience of
others Knowledge of the experience of others is gained through library research.

A. Among the criteria for a good hypothesis are:

1. It must be consistent with the known l’acl}aboul the phenomenon.

2. It must be capable of making predictions. “Hypothesis stated in the “if-then™ form sets forth the “guess” and a

prediction of what will happen if the guess is correct. The “if” phrase is your hypothesis and the “then™
phrasc is the prediction.

An cxample:

Observation: Your car fails (o start when you attempt to leave campus.

Problem:

(a) General Why won't the car start? R
(b) Refined: Is a discharged battery responsible for the car failing to start?

O~





[image: image3.jpg]Hypothesis:
(a) The car will not start because the battery is dead.

(b) If the car fails 1o start becausc the battery is dead, then the car will start when a fully charged battery is
installed

NOTE: Therc is morc than One correct way to state the “if-then™ hypothesis.

3. It must be capable of being tested (subject to experimentation ). A hypothesis which can be tested
experimentaily or through further observation is a good hypothesis whether it Iscorrect or not. Any
phenomenon which is not subject Lo experimentation and/or observation is outside the domain of science

Example: Since no onc was present to observe the creation of life and since no onc knows what

cuvironmental conditions existed a the time of creation of life on carth. the study of the creation of life is
beyond the scope of science,

Step 4: Expcrimcnlalinn/Ohscnuliun -

A. Observations generate problems.  Sometimes all that is needed to test out a tentative solution to these problems
(hypothesis) is more obscrvation. However, many problems cannot be answered until they are subjected to
scientific experimentation. An experiment is simply a test of a hvpothesis. If vou hypethesizc a green applc is
Sour. you are conducting an expeniment when vou taste it. Most scientific expeniments arc obviously more
complex than this and involve much more effort to correctly design the experiment. An important part of any
experiment is the control group. The control is a group of organisms which 1s_not subjected to the factor being
tested. They serve as a standard against which a scientist can compare the effects of a factor being studied. The
expenimental group consists of a group of organisms which arc subjected (o the factor being tested. In theory.
the control group and the experimental group must be treated identically, except in one respect. The one way
the two groups differ is the factor being studied. This onc way in which the two groups are treated differently is
called the variable

B. The Valuc of a Control in an Experiment

keeping their power lines disentangled from the limbs of nearby growing trees. Before purchasing a large

supply of the chemical. a company decided to conduct some experiments (o test its cffectiveness

Several trees were spraved with the chemical in the spring of 1981. At the end of the growing season for that
vear. the amount of growth in the twigs of the sprayed trees were determined. This growth rate was then
compared to the growth of the twigs the preceding year (1980) when the trees were not sprayed.

The results are shown below in Table 1





[image: image4.jpg]Table 1

Year 1980 Year 1981

Twig No. (Unsprayed) Growth in cm (Spraved)
1 10.2 8.2
2 6.4 5.6
3 2 74
4 48 52
5 9.6 6.0
6 10.0 8.0
7. 8.6 10.5
8 9.0 70
9 - 6.6 4.0
10 > p 18 38

[

6.

10

- How many variables (the way the experimental group differ from the control

Docs the chemical appear to be effective?

It is often difficult to analyzc data by the “eye-ball” method. Statistics frequently are used to help analyze

data. In the above cexample. determining the mean (average) would be of use in deciding about the
cffectiveness of the spray. Determine the N/average for each year.

Would you recommend the usc of the chemical?

What is the control in this experiment?

group) docs a controlled
experiment have?

Name some variables present in the experiment conducted by the utility company. (

factor could have been the cause for the difference in the growth rate of the twigs i
1981)

In other words. what
n 1980 as compared to

Was the experiment conducted by the utility company properly designed? What did it lack?
Did the results of their experiment provide any help in determining the effectiveness of the chemical?
What is the purposc of a control?

How should the experiment be designed?
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C. Design an experiment 1o test the hypothesis you wrote concerning the Alka-Seltzer tablet (Step 3-B).

Stey

A. The data collected from the experiment must be org:
ele. arc ofien a very effective w.
apply statistical analysis

B

Once your experimental design of your Alka-Scltzer tablet has be:
experiment and state your results. Use charts, graphs. ctc., in-grganizing your results. =

Organization and Interpretation of Data Produced by the Experiment

anized and interpreted to be of use. Charts. graphs. tables.
ay of organizing data. In order to Interpret data. it is frequently necessary o

€n approved by your instructor, carry out the





[image: image5.jpg]Step 6:  Conclusion -

A decision whether to accept or reject the hypothesis. This is determined by analyzing the data collected from the
experiment.

State a conclusion relative to your hypothesis involving the Alka-Seltzer tablet:

QUESTIONS
L INTRODUCTION £
L. What is the scientific method?
2. The scientific method is-of vaiue only to scientists? True or False
¥

IL. Observation
3. Define obscrvation.
4. Why are accurate observations difficult to make?

IIL Problem
5. Define problem
6. How arc problems best stated”?

IV. Hypothesis
7. What is a hypothesis?
8. Upon what arc hypothesis based?

9. List 3 criteria for a good hypothesis

10. To be a good hypothesis the hypothesis must supply the correct solution to a problem. True or False.
V. Experimcn}

1. What is an experiment?

12. How does a control group differ from the experimental group?
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13. What is the purposc of a control?
14, List some effective ways to organize data

I5. A conclusion is a decision to accept or reject the





