SECTION

READING WARM-UP

Objectives

@ Explain why scientists use scientific
methods.

@ Determine the appropriate design of
a controlled experiment.

@ Use information in tables and graphs
to analyze experimental results.

@ Explain how scientific knowledge can
change.

Terms to Learn
scientific methods
hypothesis

controlled experiment
variable

READING STRATEGY

Reading Organizer As you read this

section, make a flowchart of the possible |

steps in scientific methods.

scientific methods a series of
steps followed to solve problems

¢

Make
Observations

Figure 1 Scientific
methods often include
the same steps, but
the steps may not

be used in the same
order every time.

Draw Conclusions

Scientific Meth

Imagine that your class isona,
You discover several deformed g‘r{ gS.
be causing the frogs’ deformitics.

A group of students from Le Sueur, Y

this discovery! By making observations :
about the observations, the students used scientific methog,

field trip to a wildlife refy,,
You wonder what ("()lrlld

finnesota, actually Mag
and asking questjop,

What Are Scientific Metl

When scientists observe the natural world, they often thipy
of a question or problem. But scientists don’t just guess g
answers. They use scientific methods. Scientific methods ar
the ways in which scientists follow steps to answer questions
and solve problems. The steps used for all investigations are
the same. But the order in which the steps are followed may
vary, as shown in Figure 1. Scientists may use all of the steps
or just some of the steps during an investigation. They may
even repeat some of the steps. The order depends on what
works best to answer the question. No matter where scientists
work or what questions they try to answer, all scientists have
two things in common. They are curious about the natural
world, and they use similar methods to investigate it.

WLETITELZA What are scientific methods? (See the Appendix

for answers to Reading Checks.)

Aska @

“your hypot
L

Science in Our World

Question

Forma -
Hypothesis

Test the
Hypothesis
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Ask

Have yo observed something out of the ordinary or dif-
ficult to explain? Such an observation usually raises questions.
For examyj t the deformed frogs you might ask, “Could
sometning 1€ water be causing the frog deformities?” Look-
ing for answers may include making more observations.
Mak

After the students in Minnesota realized something was wrong
with the frogs, they decided to make additional, careful obser-
vations, as shown in Figure 2. They counted the number of

deformed frogs and the number of normal frogs they caught.
They also photographed the frogs, took measurements, and
wrote a thorough description of each frog. |

In addition, the students collected data on other organisms
living in the pond. They also conducted many tests on the
pond water and measured things such as the level of acidity.
The students carefully recorded their data and observations.

Accurate Observations

Any information that you gather through your senses is an
observation. Observations can take many forms. They may be
measurements of length, volume, time, speed, or loudness.
They may describe the color or shape of an organism. Or they
may record the behavior of organisms in an area. The range
of observations that a scientist can make is endless. But no
matter what observations reveal, they are useful only if they
are accurately made and recorded. Scientists use many standard
tools and methods to make and record observations. Examples

of these tools are shown in Figure 3.

Figure 2 Making careful
observations is often the first
step in an investigation.

Figure 3 Microscopes,
rulers, and thermometers
are some of the many
tools scientists use to
collect information.

Section 2 Scientific Methods

11



Form a Hypothesis

After asking questions and making} 18, scl
form a hypothesis. A hypothesis (hie | L uh sis) is a pogsip,

explanation or answer to a questiol good hypothesis is

based on observation and can be tested. | 'ben ek fomy
~atively and COnsidg,

hypotheses, they think logically and

tions, scientistg May

“ CONNECTION TO* - &°
gEnvironmental;Scienceg

LLITT] Minnesota's
SKILL peformed Frogs
Deformed frogs were first

noticed in Minnesota in 1995. what they already know. _ b
’ In 1996, the Minnesota Pollu- To be useful, a hypothesis must | .;itable. A hypotp,
ggnagosr;trgl_Agetr;lcy (MEICA) it esis is testable if an experim.en_t can -.Ltit"ﬂgl.lefi to i’t‘s‘t the
£ ngded aﬁdYISc,gord?ngtrgd setTd hypothesis. Yet if a hypothesis ~15 I Lf “,‘_?ble, it hls not alway;
ies searching for the causes wrong. An untestable hypothesis 15 SIMpLy e that cannot pe
of the deformities. Find out supported or disproved. Sometimes, it may be‘ Impossible to
what the MPCA is doing about gather enough observations to test a hypothesis.
wﬁt:i‘fc:hrg‘:fsgomg;?da? a;d Scientists may form different hypotheses for the same prop.
B0 L lem. In the case of the Minnesota frogs, scientists formed the

the MPCA has discovered. _
hypotheses shown in Figure 4. Were any of these explanation;

- correct? To find out, scientists had to test each hypothesis,

! WAZIITEOZZd What makes a hypothesis testable?

hypothesis an explanation that is
based on prior scientific research or
observations and that can be tested

Hypothesis |:
_The deformities were caused by one or more
chemical pollutents in the water.

Hypothesis 2:
The deformities were caused by attacks
from parasites or other frogs.

Figure 4

More than one
hypothesis can
be made for a
single question.

Hypothesis 3:
The deformities were caused by an increase
In exposure to ultraviolet light from the su'




Predi

BetoTe scientists can test a hypothesis, they must first make

predictions. A prediction is a statement of cause and effect that

can be used to set up a test for a hypothesis. Predictions are

usua-llj ‘ q n an if-then format, as shown in Figure 5.

) F':lgtw lists the predictions made for the hypotheses shown
gure 4,

More than one prediction may be made for each

hypothesis. After predictions are made, scientists can conduct

experiments to see which predictions, if any, prove to be true

and support the hypotheses.

Hypothesis /- ¥
Prediction: Lt & substance In

pond water i5 causing the deformities,
then the water from ponds that have
;e_f;rmed frogs will be different from
the water from ponds in which no
shnormal Frogs hae been found.
Prediction: L& substance in the 5
pond water i5 causing the deformities,

tren some tedpoles will develop

deformities when
pond weter collec
have deformed £rog5

they cre reised in
ted from ponds that

CONNECTION TO
Language Ants
“Leading doctors say . ..

Figure 5 More than one
prediction may be made
for a single hypothesis.

Hypothesis 2:

Prediction: LF a paresite is
causing the deformities, then this
parasite will be found more often
in frogs that have deformities.

Hypothesis 3:

Prediction: I¥ an increase iy
exposure to ultraviolet light /s
causing the deformities, then some
frog eqgs exposed to ultyaviofet

light in a laboratory wil develop
info deformed frogs.

Suppose that you and
a friend see an ad for a cold remedy on TV. Accord-

ing to the ad, “Leading doctors recommend this product for their
patients” Then, a famous actor comes on and says that he or she
uses the product, too. Write a dialogue of the debate you might

have with your friend about whether these claims are believable.

e —
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Figure 6 Many factors affect
this tadpole in the wild. These
factors include chemicals, light,
temperature, and parasites.

controlled experiment an
experiment that tests only one
factor at a time by using a com-
parison of a control group with an
experimental group

variable a factor that changes in
an experiment in order to test a

hypothesis

Test the Hypothesis

After scientists make a prediction test .the hYPothegi&
Scientists try to design experiment: will clearly show,
whether a particular factor caused at .‘.rrved_ outcome, ,
an experiment, a factor is anything ., can influence the
experiment’s outcome. Factors can be anything from tempe,,

ture to the type of organism being studied.

Under Control

Scientists studying the frogs in Minnes
factors that affect the development of IrOgs in the wild, g
shown in Figure 6. But it was hard to tell which factor could pe
causing the deformities. To sort factors out, scientists perfory
controlled experiments. A controlled experiment tests only one
factor at a time and consists of a control group and one o
more experimental groups. All of the factors for the contr)
group and the experimental groups are the same except for
one. The one factor that differs is called the variable. Because
only the variable differs between the control group and the
experimental groups, any differences observed in the outcome
of the experiment are probably caused by the variable.

' (I Re 524 How many factors should an experiment test?

Designing an Experiment

Designing a good experiment requires planning. Every factor
should be considered. Examine the prediction for Hypothesis 3
If an increase in exposure to ultraviolet light is causing the deformi
ties, then some frog eggs exposed to ultraviolet light in a labori-
tory will develop into deformed frogs. An experiment to test this
hypothesis is summarized in Table 1. In this case, the variableis
the length of time the eggs are exposed to ultraviolet (UV) light
All other factors, such as the temperature of the water, are the
same in the control group and in the experimental groups.

sota observed mapy

Table 1 Experiment to Test Effect of UV Light on F » /
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(@IS UV Light Experiment
. Experimental Groups

oup #1
No UV light exposure

~ Group #2 Group #3
UV light exposure for 15 days UV light exposure for 24 days

@ |0 BeO|TD

o

() 0@@95@@@@ (@p@)

Result: 0 deformed frogs Result: 0 deformed frogs Result: 47 deformed frogs

Collecting Data

Figure 7 shows the experimental setup to test Hypothesis 3.
As Table 1 shows, there are 100 eggs in each group. Scientists

always try to test many individuals. They want to be sure that e oEt e r
differences between control and experimental groups are caused Study of the Effect o

: . g UV Light on Frogs
by the variable and not by differences between individuals. . ; .

)
S

The larger the groups are, the smaller the effect of a difference
between individual frogs will be. The larger the groups are, the
more likely it is that the variable is responsible for any changes
and the more accurate the data collected are likely to be.
Scientists test a result by repeating the experiment. If an
experiment gives the same results each time, scientists are more
certain about the variable’s effect on the outcome. Scientists
keep clear, accurate, honest records of their data so that other |
scientists can repeat the experiment and verify the results. | i N
l 0 15 24 |
Analyze the Results . Number of days of UV exposure.

L ns S i ize their data
After scientists finish the1r- test‘s, they must o'rgau;ut : i Elama 8 T1is.graph shows st
and analyze the results. Scientists may organlzg ata in al a 24 days of UV exposure had an
or a graph. The data collected from the UV light experiment  effect on frog deformities, while

are shown in the bar graph in Figure 8. Analyzing the r?sults less exposure had no effect.
helps scientists explain and focus on the effect of the variable.

For example, the graph shows that the length of UV exposure

has an effect on the development of frog deformities.

Number of deformed frogs
19,
o
|

=
|
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Draw Conclusions jvzed the data from severy
e E ] dl @
After scientists have analy ) X

| ‘AT \‘ ; Jusions. They decide whe He,
1 | _M,.‘J’*ATH.I&;JA(TI.C)E! ments, they . o B 11:1)5013 2 hyp hesis. thy:it::? th
‘ >

} 2 results of the experiments SUP

. o P . 15t

__— ypoOrted the testsj thev \

, Averages find that a hypothesis is 10t -Sulk lf(:-y what they have AL
r whnatl Y

Finding the average, or mean, try to find another expl.ar_laUOl R fieus el )bsemu

‘{ of a group of numbers is a Proving that a hypothe51s is wrong is just a: as SUppe.

common way to analyze data. ing it. Why? Fither way, the scientist has learned S()methin[
ing it. ! &

For example, three seeds ' ich is the purpose of using scientiiic methods,
were kept at 25°C and which 1s ng hypothesis be helpful
sprouted in 8, 8, and 5 days. ’ How can a wrong hypot pful’
To find the average number
of days thatdit took the seeds Is It the Answer?
to sprout, add 8, 8, and 5 ‘ ; the i .
andpdivide hesimiby s it B The UV light experiment supports the hypothesis thy fro

number of subjects (seeds).
It took these seeds an aver-
age of 7 days to sprout.

Suppose three seeds were

deformities can be caused by exposure to UV_lj_ght, Doe
this mean that UV light definitely caused frogs living ip g,
Minnesota wetland to be deformed? No, the only thing g

. : UV light may be a cause of f,
2 - experiment shows is that ; %

| ge;;t Ztngofd:;sd \ﬁiigtlf;et?]én deformities. Results of tests done in a la_boratory may dif.
average number of days that |  from results of tests performed in the wild. In addition,

it took these seeds to sprout? | experiment did not investigate the effects of parasites or sop,

other substance on the frogs. In fact, many scientists now thiy
that more than one factor could be causing the deformitie

Sometimes, similar investigations or experiments give diffe:
ent results. For example, another research team may have hy
results that did not support the UV light hypothesis. In such:
case, scientists must work together to decide if the differenc

Figure 9 This student scientist is in the results are scientifically significant. Often, making th:

communicating the results of his decision takes more experiments and more evidence.
investigation at a science fair.

Communicate Results

Scientists form a global community. Afte
scientists complete their investigations, the
communicate their results to other scientist
The student in Figure 9 is explaining the resul’
of a science project. :
Scientists regularly share their results ©
several reasons. First, other scientists may thf;
repeat the experiments to see if they gt"
same results. Second, the information canl:‘i
considered by other scientists with s
interests. The scientists can then oMY
hypotheses and form consistent explan&ﬁ‘“_‘"'
New data may strengthen existing hypot®
or show that the hypotheses need to b M.l
There are many paths from observatio™ -
questions to communicating results.
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