


eriments are designed to test only one explanatory variable at
€ procedures the class followed in the Pendulum Experiment as a

urpose of the control group in an experiment..

possible implications of a negative experimental result. In other
hypothesis is not confirmed, explain what this might imply about
ment, the hypothesis, or the theory itself.

Modeling Knowledge

i (C
foo ‘
Kinds of Knowledge
e are many different kinds of knowledge. One kind of knowledge is truth. As Chris-
we are very concerned about truth because of its close relation to knowledge revealed
50d. The facts and theories of science constitute a different kind of knowledge, and
of the natural sciences we are also concerned about these.
people handle the distinction between the truths qf the faith and scientific
ge by referring to religious teachings as one kind of truth and scientific teaching
ferent kind of truth. The problem here is that there are not different kinds of truth.
is only one truth, but there are different kinds of knowledge. Truth is one kind of
ge, and scientific knowledge is a different kind of knowledge. ;
We are going to unpack this further over the next few pages, l?ut hereisa t‘aste of .where
going. Scientific knowledge is not static. It is always changing as new discoveries are
On the other hand, the core teachings of Christianity do not change. They are always
We know this because God reveals them to us in his Word, which is true. This differ-
between scientific knowledge and knowledge from Scripture indicates to us that the
edge we have from the Scriptures is adifferent kind of knowledge than what we learn
avlelt:liii ;?:;:giangzfg of knowledge that emphasizes thcf differenfes between what
als to us and what scientific investigations teach us. This model is not perfect (no
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1d sc:tentlﬁc commumtles stretchmg back over thew*’éast 700 ye 0 years. To get at the
ip between science and truth, we first look at the relationship between proposi-

Propositions and Truth Claims

Not all that passes as valid knowledge can be regarded as true, which I defined in the
‘section as “the way things really are” In many circumstances—maybe most—we
not actually know the way things really are. People do, of course, often use propositions
~ or statements with the intention of conveying truth. But with other kinds of statements,
people intend to convey something else.

- Let’s unpack this with a few example statements. Consider the following propositions:

1. Thave two arms.

2. My wife and I have three children.

Tworked out at the gym last week.

My car is at the repair shop.

Texas gained its independence from Mexico in 1836.

Atoms are composed of three fundamental particles—protons, neutrons, and electrons.

God made the world.

~ Among these seven statements are actually three different types of claims. From the
Msxon in the previous section you may already be able to spot two of them. But some of
these statements do not fit into any of the categories we explored in our discussion of truth.
We can discover some important aspects about these claims be examining them one by one.
So suppose for a moment that I, the writer, am the person asserting each of these statements
38 we examine the nature of the claim in each case.
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at pl ysu:lsts of the 20th century, sa1d, “It is wrong to thmk t_hat the task of physxcs is
find out how nature is. Physics concerns what we can say about nature.” Scientific claims

‘understood to be statements about our best understanding of the way things are. Most
aitists believe that over time our scientific theories get closer and closer to the truth of
way things really are. But when they are speaking carefully, scientists do not claim that
- our present understanding of this or that is the truth about this or that.

- 1.1.5 Truth vs. Facts

Whatever the truth is about the way things are, that truth is presumably absolute and
- unchanging. If there is a God, then that’s the way it is, period. And if matter is made of at-
oms as we think it is, then that is the truth about matter and it is always the truth. But what
we call scientific facts, by their very nature, are not like this. Facts are subject to change,
‘and sometimes do, as new information comes becomes known through ongoing scientific
research. Our definitions for truth and for scientific facts need to take this difference into
‘account. As we have seen, truth is the way things really are. By contrast, here is a definition

for scientific facts:

ientific fact is a proposition that is supported by a great deal of evidence.
ntific facts are discovered by observation and experiment, and by making infer-

So facts can change. Scientists do not put them forward as truth claims, but as proposi-
tions that are correct so far as we know. In other words, scientific facts are provisional. They
- are always subject to revision in the future. As scientists make new scienfific discoveries,
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ow we would have to know the absolute

God knows it, which in this present age we do not. So theories
limits, but we hope they become more accurate and more complete over
for more and more physical phenomena (data, facts), and helping us to

Experiment
Putting the hypothesis
3 to the test

Review
Reconsider experimental

methods, appropriateness of
hypothesis, adequacy of theory

Figure 1.1. The Cycle of Scientific Enterprise.
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its purpose is to help people understand how the human body is put together.
model is not physical; it is an intellectual understanding, although we often use
ns or physical models to help communicate to one another our mental ideas. But
1 the example of the model of the human body, a theory is also a model. That is, a theory
 a representation of how part. of the world works. Frequently, our models take the form
of mathematical equations that allow us to make numerical predictions and calculate the
ults of experiments. {The more accurately a theory represents the way the world works,
ich we judge by forming new hypotheses and testing them with experiments, the better
nd more successful the theory i§
‘To summarize, a successful theory represents the natural world accurately. This means
 the model (theory) is useful because if a theory is an accurate representation, then it leads

About Theories

is a way of modeling nature, enabling us to explain why things happen in the
ral world from a scientific point of view.

ry tries to account for and explain the known facts that relate to it.

o5 must enable us to make new predictions about the natural world so we can learn
facts.

¢ . successful theories are the glory and goal of scientific research.

sory becomes stronger by producing successful predictions that are confirmed by
riment. A theory is gradually weakened when new experimental results repeatedly

n out to be inconsistent with the theory.
incorrect to speak dismissively of successful theories because theories are not just
es. :

 don't speak of theories as being proven or disproven. Instead, we speak of them in
s such as how successful they have been at making predictions and how accurate the

ictions have been.

e 1.2. Key points about theories.
11
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Chapter 1

When a theory repeatedly leads to predictiong that
re.

to accurate predictions about natu it is a strong, useful theory. The key points aboyt

A (S
are confirmed in scientific experlmle2 ;
theories are summarized in Figure 1.2.

1.2.3 Hypotheses

A hypothesis is a positively \?tate.d,a mfotr;;igs i
about what will happen in certain cifetimis hen we form
hypothesis is an informed predictu?n becausfe 1:\’ B
hypotheses we are not just speculating outo tfihe su.bject 5
ail’PlYing a certain theoretical unders'ta_ndmg 0 B e et o frcin
the new situation before us and predicting what will happ

new situation based on the theory the hypothesis is coming from. Every scientific hypoth-
esis is based on a particular theory.

Hypothesis ™

An informed prediction, /\
based on a theory

prediction

Often hypotheses are worded
as if-then statements, such as, “[f
various forces are applied to a pick-
up truck, then the truck accelerates
at a rate that is in direct proportion
to the net force” Every scientific

hypothesis is based on a theory and

Hypothesis

An informed prediction,
based on a theory

Theory
Our best explanation
at present

Key Points About Hypotheses

1. A hypothesis is an informed pre-
diction about what wil| happen
certain circumstances.

it i Ev is i .
it is the hypothesis that is directly tested by an ex- ti cﬁg fl);\pOthems sbasedonap
periment. If the experiment tarns out the way the Ftheory.

hypothesis predicts, the hypothesis is confirmed 3

| Well-formed Scientific hypothes
and the theory it came from js strengthened, Of Must be testable, which is wh
course, the hypothesis may not be confirmed by scientific S#Periments are d
the experiment. We see h

e ex OW scientists respond to Signed to do,
this situation in Section 1.2.6.

Examples of Famouys Hypotheses

Einstein used his general the
gravity causes light to bend a
stunning result that occurred

Sit travels through g 2
when this hypoth,

Osﬂtbnféh :p‘:lzrld of subatomic
Pnﬁ i Ction that there

. __J eVer dete t il

and and comp| calle | Cted. Unti

the Higgs Boson had been d Pl ed the Large Hadron
Peter Higgs, the physicist wh S




Enterprise, researchers must interpret the ex-

' In the Analysis phase of the Cycle of Scien-

perimental results. The results of an experiment
are essentially data, and data always have to be in-
terpreted. The main goal of this analysis is to de-
termine whether the original hypothesis has been
confirmed. If it has, then the experiment has pro-

~ duced new facts that are consistent with the origi-

nal theory because the hypothesis was based on that theory. As a result, the support for
the theory has increased—the theory was successful in generating a hypothesis that was
confirmed by experiment. As a result of the experiment, our confidence in the theory as
a useful model has increased and the theory is even more strongly supported than before.

1.2.6 Review

If the outcome of an experiment does not
confirm the hypothesis, the researchers must
consider all the possibilities for why this might
have happened. Why didn’t our theory, which is
our best explanation of how things work, enable
us to form a correct prediction? There are a num-
ber of possibilities, beginning with the experi-

Review
Reconsider experimental
methods, appropriateness of
hypothesis, adequacy of theory

~ ment and going backwards around the cycle:

The experiment may have been flawed. Scientists double check everything about the
experiment, making sure all equipment is working properly, double checking the cal-
culations, looking for unknown factors that may have inadvertently influenced the out-
come, verifying that the measurement instruments are accurate enough and precise

enough to do the job, and so on. They also wait for other experimental teams to try the
get the same results or different results, and then compare.

13
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(Although, naturally, every scientific team likes to be the first one to complete 4, o
y )
portant new experiment.)

‘ : t understanding of the theOry_ M
’ is may have been based on a incorrect understanding b
. g?i}l:zzz;ti:nentés did not understand the theory well enough, and maybe },,

pothesis is not a correct statement of what the theory says will happen.

The values used in the calculation of the hypothesis’ predictions may not have Seer
: ' . . iy . - nS'
accurate or precise enough, throwing off the hypothesis predictio
ettt ettt ettt

hy‘

« Finally, if all else fails, and the hypothesis still cannot be conﬁrmeddby éx}aerimmt
it is time to look again at the theory. Maybe the theory can be altered to accoun f,,
this new fact.ﬁlgemiﬁn—pfy cannot account for the new fact, then the theorx
has a weakness, hamely, there are facts it doesn’t adequat.ely acFount for. If enough of
these weaknesses accumulate, then over a long period of time (like de.cades) the thc(n«y
might eventually need to be replaced with a different theory, that is, anoth\er, btl‘ttt‘r
theory that does a better job of explaining all the facts we knqw. Of course, for this to
happen someone would have to conceive of a new theory, which usually takes a great

deal of scientific insight. And remember, it is also possible that the facts themselves ca;

1
change.

13 The Scientific Method

1.3.1 Conducting Reliable Experiments

The so-called scientific method that you have been studying ever since about
grade is simply a way of conducting reliable experiments. Experiments are an im
part of the Cycle of Scientific Enterprise, and so the scientific method is Important t

You probably remember studying the steps in the scientific met

they are listed in Table 1.1 without further comment,

We will be discussing variables and measurem
take the opportunity here to identify some of the language researchers use during the ex

perimental process. In a scientific experiment, the researchers have g question thes
trying to answer (from the State the Problem step in the scientific method), and t\l a1y
_ ; : ' one physical quantity affects another Be So the
researchers design an experiment in which one quantity can be Manipulated (that is. de
liberately varied in a controlled fashion) while the -

fourth
portant
) know,
hod from prior courses, so

ents a lot in this course, so we should

" are

State the problem.
Research the problem.
Form a hypothesis.
Conduct an experiment.

Table 1.1. Steps in the scientific method.
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M
Te g Pe J— The Nature of Scientific Knowledge
()”di
Nteng, how it might be the driving factor that results in the experiment’s failure to con-
' bot, firm the hypothesis.

a. the experiment
b. the hypothesis
¢. thetheory

15. Identify the explanatory and response variables in the Pendulum Experiment,

) - 3 : cy L
lete and identify two realistic possibilities for ways the results may have been influ-
enced by lurking variables.

Pro-
V):)C:(l;ll Do You Know ... How did Sir Humphry Davy become a hero?
Sir Humphry Davy (1778-1829) was one
of the leading experimenters and inven-
tors in England in the early nineteenth
century. He conducted many early experi-
ments with gases; discovered sodium, po-
tassium, and numerous other elements;
and produced the first electric light from
a carbon arc.
esis In the early nineteenth century, explo-
sions in coal mines were frequent, result-
ing in much tragic loss of life. The explo-
ich. sions were caused by the miners’ lamps
igniting the methane gas found in the
mines.
Davy became a national hero when he
the invented the Davy Safety Lamp (below).
This -lamp incorporated an iron mesh
screen around the flame. The cooling
ari- |
from the iron reduces the flame temperature
B 50 the flame does not pass through the mesh,
and thus cannot cause an explosion. The Davy
Lamp was produced in 1816 and was soon in
‘ent wide use.
Davy’s experimental work proceeded by
Onhe reasoning from first principles (theory) to hy-
' De- pothesis and experiment. Davy stated, “The
gratification of the love of knowledge is de-
lightful to every refined mind; but a much
S hag higher motive is offered in indulging it, when

|
that knowledge is felt to be practical power, |
f the and when that power may be applied to less- |
: en the miseries or increase the comfort of our |

fellow-creatures.”

Sig. 192. Davyide
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« the teams hypothesis

«  an accurate list of materials and equipment,
electronic equipment or test equipment use

tables documenting all the data taken during the experiment, including the Units
. S | ‘ '
of measure and identifying labels for all data
« all support calculations used during the experiment or in preparation of the |y,

report

including make and mode| f any

« special notes documenting any unusual events or circumstances, such as bad dgy,
that require doing any part of the experiment over, unexpected occurrences o
failures, or changes to your experimental approach

. little details about the experiment that need to be written in the report that yo
may forget about later

« important observations or discoveries made during the experiment

C3  Experiments

Experiment 1 The Pendulum Experiment

Variables and experimental methods

Essential equipment:

e string

«  meter stick

»  paper clip

+ large steel washers

e clock with second hand

This investigation involves a simple pendulum. The experiment is
learn about conducting an effective experiment. In this in
trolling variables, collecting careful data,

an opportunity for you to
vestigation, you learn about con

and organizing data in tables in your lab journa’
To make your pendulum, bend a large Paper clip into a hook. Then connect the hoo!

to a string, and connect the string to the end of a meter stick. Then lay the meter stick on
table with the pendulum hanging over the edge and tape the meter stick down. Finally, hang
one or more large metal washers on the hook for the weight,

. bous goal in this experiment is to identify the explanatory variables that affect the pe
riod of a S_lmple pendulum. A pendulum is an example of a mechanical system that osci/
late.s, tbat is, repeatedly “goes back and forth” in some regular fashion 1,{ tl}cv‘qtudy of any
oscillating system, an important parameter is the period of the os;illatk.m. The ;)eriod is the

€ system to complete one full cycle of its osci?‘
e pendulum is the response variable you mon’-
or a slightly different variable, closely related t0
ey page.) Aftc_er thinking about the possibilities 8“‘{

uct your own simple pendulum from string and som¢

lation. In this experiment, the period of th
tor. (Actually, for convenience you monit
the period. This is explained on the next
forming your team hypothesis,
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' large value of the variable at least three times the small

- value in your trials.

1 50 that two variables are held constant while
he system with large and small values of the
iable to see if this change affects the period.
st test all combinations of holding two vari-
onstant while manipulating the third one. All
imental results must be entered in tables in your

ournal. Wﬂs
uires several separate tables. For each experimental
, time the pendulum during three separate trials
and record the results in your lab journal. | Iggp_e_ag,iggi'he
trials this way enables you to verify that you have w{ahd,
consistent data. To make sure you can tell definitively

that a given variable is affecting the period, make the

o measure the period of your pendulum. The period of

; ds, so measuring it directly
Bt petilil | likely to be quite short, only one or Joidhicings -
pendulum and release it on a signal. Assign another team me D i
swings the pendulum completes, and anOther,fnember p lt;nI]; ing the pendulum rele
on a clock. When the timer announces “GO" the persog 0 . ci)rrliis thl; timer an v
it, and the swing counter starts counting. After ex actly 1. ) Sf:o e e:te A nc:iulllces
“STOP” and the swing counter states the qumber o{) S-wmg:d If I;u i ¥ et pendulum
during the trial. Record this value in a ey lad.]ouilfz ;latz duri : tcl)xur il
bers, the fourth person can be responsible for recording : }f g uring the experiment.
After the experiment, the data recorder reads off the data to the other team members as they
entel:[ttxklies: crlxita?lml:(;l:)et”lrcz;‘;rt?j;s‘the number of swings in lq seconds does no't give a direct
measurement of the period, but you ca‘n see tha:j )"ou; swmg count works just as well for
solving the problem posed by this €X periment, and is a lot easier to measure than the period

Here is bit of advice about how t

itself. (The actual period is equal to 10 seconds divided by the number of swings that occur
in 10 seconds.)
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Appendix C

. . ino count: your swing counter should state
One morfe th.lngS 22 &Tj::;lg)gtggiz:z;% /4 swin; When the pendulum is straight
gh::lurir;lfarsoe i;:zlrnfompleted 1/4 swing or 3/4 swing. W}:ien/izt stc?ps to reverse course op
i : it i ed, it has completed 1/2 swing.
5, S{ffioppi’)ﬁtﬁz{fxrgmﬁﬁj tl;lisirf;lzzia, review the data together as a team. If you did the
experim:tycarefully, your data should clearly ir.ldicate which po;:ntla] explanatory vari-
ables affect the period of the pendulum and which ones do not. E your swing CO.unts fop
different trials of the same setup are not consistent, then somethmg is wrong 'w1th your
method. Your team must repeat the experiment with greater cate so that your swing counts
for each different experimental setup are consistent.
Discuss your results with your team members and r.e.ach a consensus about th.e mean-
ing of your data. Expect to spend at least four hours writing, editing, and formatting your

e

report. Lab reports count a significant percentage of your science course grade§ throughout
high school, so you should invest the time now to learn how to prepare a quality report.

Your goal for this report is to begin learning how to write lab reports that meet all the
requirements described in The Student Lab Report Handbook. One of our major goals for
this year is to learn what these requirements are and become proficient at generating solid
reports. Nearly all scientific reports involve reporting data, and a key part of this first report
is your data tables, which should all be properly labeled and titled.

After completing the experiment, all the information you need to write the report
should be in your lab journal. If you properly journal the lab exercise, you will have all
the data, your hypothesis, the materials list, your team members’ names, the procedural
details, and everything else you need to write the report. Your report must be typed and
will probably be around two or three pages long. You should format the report as shown in
the examples in The Student Lab Report Handbook, including major section headings and
section content.

Here are a few guidelines to help you get started with your report:

1. There is only a small bit of theory to cover in the Back

b ; : ground section, namely, to de-
scribe what a pendulum-and-its period are. You should also explain the experimental
method, that is,

L pe;lment, We are not making quantitative predictions, s0
Gl ns tomeiton for the discussion.éWe are simply seeking to dis-
A he-period of a pendulum and which do not. Your goal in

the Discussion section is to i -
section is to ldentlfy what your data say and relate that to your reader.
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Appendix C e

One more thing on measuring your swing s your SWi‘;g C(im(litelr sh<.)}11d state
the number of swings completed to the nearest 1/4 swing. Wh'f»‘n t 16“ Rtﬂ u ,u rr: l:s Straight
down, it has either completed 1/4 swing or 3/4 swing. When it sto‘ps to reverse course op
the side opposite from where it is released, it bas completed 1/2 swing, e |

When you have finished taking data, review the data together as a team. If you did the
experiment carefully, your data should clearly indicate which potential cxp.lanamry vari-
ables affect the period of the pendulum and which ones do not. I_f your swing co‘unts for
different trials of the same setup are not consistent, then something is wrong with your
method. Your team must repeat the experiment with greater cate so that your swing counts
for each different experimental setup are consistent.

Discuss your results with your team members and reach a consensus about the mean-
ing of your data. Expect to spend at least four hours writing, editing, and formatting your
report. Lab reports count a significant percentage of your science course grades throughout
high school, so you should invest the time now to learn how to prepare a quality report.

Your goal for this report is to begin learning how to write lab reports that meet all the
requirements described in The Student Lab Report Handbook. One of our major goals for
this year is to learn what these requirements are and become proficient at generating solid
reports. Nearly all scientific reports involve reporting data, and a key part of this first report
is your data tables, which should all be properly labeled and titled.

After completing the experiment, all the information you need to write the report
should be in your lab journal. If you properly journal the lab exercise, you will have all
the data, your hypothesis, the materials list, your team members’ names, the procedural
details, and everything else you need to write the report. Your report must be typed and
will probably be around two or three pages long. You should format the report as shown in
the examples in The Student Lab Report Handbook, including major section headings and
section content.

Here are a few guidelines to help you get started with your report:

1. There is only a small bit of theory to cover in the Background section, namely, to de-
scribe what a pendulum-and-its period are. You should also explain the experimental
method, that is, why we are using the number of swings completed in 10 seconds in our
work in place of the actual period. As stated in The Student Lab Report Handbook, the

Background section must include a brief overview of your experimental method and
your team’s hypothesis.

Begin your Discussion section by describing your data and considering how they relate
tfl your hypothesis. In this experiment, we are not making quantitative predictions, s0
there are no calculations to perform for the discussion.fWe are simply seeking to dis-

Ct}f:zer 'Wh_{cg Xagja}gl_,esgffect md.Qf a pendulum and which do not. Your goal in
Discussion section is to identify what your data say and relate that to your reader.

. . ; ;
nflder the following questions as you write your discussion. What variables did you
manipulate to determine whether t

; hey had any effect on the period of the pendulum?
xht?:ed(lidtyo‘;\ﬁqd? f‘\ccording to your data, which variables do affect the pgriod? How
ata show this? Refer to specific data tables to explain specifically how the data
support your conclusion, Are your findings consistent with your hypothesis? If not
then what conclusion do you reach about the question this experiment seeks to :;mswer?‘
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