| Statistics
Class Notes o ©

Chapter 1: An Introduction (Sections 1.1-1.6)

Infrg_d_lx_gj_igp__to the Practice of Statistics (Section 1.1) ﬁ_/

Definition: Statistics: the science of collecting, organizing, summarizing, and analyzing

" . e e . .« qe
information to draw conclusions or answer questions. Tn addition, statistics is about providing a
measure of the confidence in our conclusions.

Sefinitions: The entire group to be studied is the pogul_ation. This could be a group of people
but it could alSo B all tc cars on & highway or the crayons in a box. Arindividual'js a person
ormember of the population, Since-it’s-often, cumbersome to ask our question of

gvery individual (called a ¢ censug}_;,((gp \adllfs;apyglgg&t%gﬁfénﬁﬂﬁ@is a subset of the

e

population thg‘c_j_s_gctually studied.  We then infer about the entire population based on what we
“Tearned from the sample. ~— =

efinitions: Descriptive Statistics versus Inferential Statistics:
’ﬁ:ﬁﬁsﬁc s a numerical summary of a sample.D escrip?i}‘fe statistics congsist of organizing and

summarizing data. It uses numerical summaries, tables; and graphs.

Inferential statistics uses methods that take the result from a sample and extend it to the

o memnmetm e

p;;ﬁlaﬁon. Tt also provides a measure of the reliability of the result. f@ﬁms a numerical

“summary of the population. It is this information that Stafistios cat help us estimate by looking at
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Qualitative versus Quantitative Variables:

Definition: Variable: A variable is a characteristic of the individuals within the population.

e ————
Examples include hair color, sex, income, IQ, amount of disposable income, number of

televisions, etc. Variables are called that because they vary‘tror—nm to individual. That
variation is a big deal in statistics. T

Definition: Qualitative, or categorical, variables allow for some classification of individuals
based on some attribute or characteristic. )

Definition: Quantitative variables provide numerigal measures of individuals. The values of a
quantitative variable can be added or subtracted and provide meaningful results. &-




: dsider the following variables. Which are qualitative and which are quantitative?

a) Temperature . d.) Zip code
fuartiative. .
b.) Favorite music group e.) Length of movie

Qualifate  Quouk

¢.) Number of cell phones owned f.) Number of hours per night a college

by a family student sleeps
OLW“QL Idut
‘ i

Definitions: Diserete versus Continuous Variables:
Both are types quantltatlve variables. The difference here is what kinds of values can be
obtained from the questlon we ask.

Definition; Discrete variables have either a finite number of possible values or a countable

“Fmber of possible values, The term “countable” means. you-gotthqnumbﬂcggounﬂng
something, such as 0, 1, 2, 3, etc. A discretfe. varlable cannot take on every posm@e

between any two possible values. =
Definition: Continuous variables have an infinite number of possible values that are not
LﬂﬂEﬂEA continuous variable-ffidy take on every @value between any two values.

or the quantitative variables from the last example, determine if each is discrete or
ontiry

uous. (We do not do this with the qualitative varlables so they are crossed off.)
a.)/Temperature ' do-Zip-code
C owlrnusus

b%—vaeﬁ%e—m&s% e.) Length of movie .
Continteus

¢.} Number of cell phones owned {.) Number of hours per night a college

by a family &} N 4@ _student sleeps
(it Cothiiens
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YouIhEaT That colice Of Wine reduces heartdisease—Y-ousll hear cell phones cause cancer.
Yowll hear breastfeeding improves IQ We?ll study these observational studies and designed
experiments to determine if we can trust them, — : &7
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EXAMPLE: Cellular Phones and Brain Tumors

" ———lli

Researchers Joachim Schiiz and associates wanted “to investigate cancer risk among Danish cell
phone users who were followed for up to 21 years.” To do so, they kept track of 420,095 people
whose first cell phone subscription was between 1982 and 1995. In 2002, they recorded the

number of people out of the 420,095 people who had a brain tumor and compared the rate of
Brain fumors in this group to the rate of brain tumors in the general population. They found no

significant difference in the rate of brain tumors between the two groups. The researchers

concluded “cellular telephone was not associated with increased risk for brain tumors.” (Source:
Joachim Schiiz et al. “Cellular Telephona Use and Cancer Risk: Update of a Nationwide Danish Cohort,” Journal of the National
Carncer Institute 98(23): 1707-1713, 2006)

“

Definitions: Explanatory and Response Variables: Remember a variable is just some
characteristic of the individuals in the population, like age or cell phone use or cancer rate. The
explanatory variable is the characteristic that we think may influence another characteristic,
ghich is the response variable.

n the above study, what is the explanatory variable? What is the response variable?

epplam var:  cell plwn,e Use
respouse Vo Caucer rate

. éabove study is an example of an observational study. The researchers simply observed the

participants. They di@tewene in their subjects’ lives and instruct them to do anything
differently. Wearchers approaching the same problem.
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() Three Types of Observational Studies:

@ross-secﬁonal Studies Observational studies that collect information about individuals at a

“specific point in time, or over a very short period of time.

ase-control Studies These studies are retrospectives meaning that they require individuals

o look back in time or require the researcher to.look at existing records, In.case-control studies,
T iwiduals who have Gertain characteristics are matched with those who do not.

@Cohort Studies A cohort study first identifies a group of individuals to participate in the study

he cohort). The cohort is then observed over a long period of time. Over this time period,

characteristics about the individuals are récorded. Because the data is collected over time, cohort
studies are prospective.

' EXAMPLE: Cellular Phones and Brain Tumors

Researchers Joseph L. Roti and associates examined “whether chronic exposure to radio
frequency (RF) radiation at two common cell phone signals—835.62 megahertz, a frequency used
by analogue cell phones, and 847.74 megahertz, a frequency used by digital cell phones—caused
brain tumors in rats. The rats in group 1 were exposed to the analogue eell phone frequency; the
rats in group 2 were exposed to the digital frequency; the rats in group 3 served as controls and,
received no radiatjon, The exposure was done for 4 hours a day, 5 days a week for 2 years. The
Yats 10 all three groups were treated the same, except for the RF exposure. After 505 days of
exposure, the researchers reported the following after analyzing the data. “We found no
statistically significant increases in any tumor type, including brain, fivet, lung or kidney,

compared to the control group.” (Source: M. La Regina, E. Moros, W. Pickard, W. Straube, . L. Roti Roii, “The

Effect of Chronic Bxposuze 1o 835,62 MHz FMCW or 847.7 MIlz CDMA on the incidence of Spontaneous Tumors in Rats,”
ioelectromagnetic Society Conference, Fune 25, 2062.)

his is an example ofa designed experiment. Unlike an observationalstudy, the researcher in
n experiment manipilldies tho cxplanatory variable to determine how varying the explanatory
variable will affect the response variable.

Which is better? An cbservational study or designed experiment?

They both have advantages and disadvantages.
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mrtant dlstmctmn Observanona,Lstudles versus Designed experiments:

Observatlonal studies d@llow a researcher to claim causation, only association. It is
) s aretenan PR
), wrong to take the above study’s findings and say that flu ghots caused the decrease in
A hospltallzatmn and death. Designed experiments, whiclf'we will look into further, can be used to
sEo that @ other“‘"

- lethat was cad
| 23s Nedea

O Definitions: Confounding in a study occurs when the effects of two or more explanatory
- variables are 707 separated. Therefore, any relation that may exist between an cxplanatory
variable and the response variable may be due to some other variable or variables nof accounted
Tor in the study.

% Wble is an explanatory variable th@sm{ered in a study whose effect

cannot be dlstmgmshed from a second e)_{planatory variable in t_he study.

4

_:& A lurking Varlable is an explanatory variable that wgS noréonsadercd in a study, but that affects

The value of the response variable in the study. In addition, lurking variables are typically related
to any explanatory variables considered in the study

0 O .

Did the researchers account for job related _
illness, age, prior health, socio-economic status'? G

J—
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__Definition: Census;.As opposed to a sample, a census is @ list of all mdw;duals An a population j

along with certain characteristics (the variables of " interest) of each individual.

N .
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O / Simple Random Sampling (Section 1.3) \&

We often cannot ask every individual in a population the question we want answered. So we
sample a small group of the population. But you cannot just choose any group. For instance, if
you pick your five good friends to question about the video games they like, you might find they
W@ﬁh@ﬂh@lﬁ population (perhaps ali college students, or all people in your age
group, or all Americans) well. We must sample with that in mind.

g =<
pre———

mndom sample: A random sample is one where the individuals from the
populatiqi(eﬂl have the same chance oDbeing selected for the sample. Weo will pick them
“randomly so that is true.

A random sample will represent the population. Because the sample is selected randomly, it can

be assumed to be a microgosm.of the population. N = gauple, Siee.
_ N= Pop . Sz

Definition: Simple random sample (srs): A sample of sizei 7 from a population of siz¢ N js

obtained through simple random sampling if every possible sample of size 7 has an equally
Tikely chance of occurring, The sample is then called a simple random sample (srs).

There are other methods that will be discussed in later sections. C ( q_’>

W frame is a list of the individuals in a population, We will think of them as
st umbers 1, 2, 3, ... N. (Here, N is the number of individuals in the population

as described above.)

To obtain a simple random sample, we will start with the frame and usc a random number
generator to pick a sample.

i
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5 The thirty people listed below are members of a club, The leaders of the club wishto

sirvey its menibers on possible future trips. Obtain

a simple random sample of ten of their

members. (Notice the first nine are labeled as 01, 02, etc. Why do you think that is?)

26, George

01, Trey 06. Morgan 11. Stefanie | 16. London 21. Molly

02. Amy 07. Bill 12. Joel 17. Julia_ 22. Tom 27. Robert
03. Marge | 08. Jill 13, Penn 18. Chealon | 23. Kevin 28. Lora
04. Elisc 09. Steve 14. Savvy 19. Jenny 24.Linda | 29. Penny
05. Bob 10, Mindy 15. Sawyer 20. Fred 25. Kristen 30. Josh

o O O
Your calculator has a random number generator built
into it. On the TI calculators, press the MATH button
and arrow over to PRB (stands for probability).
Select 1: rand. The “rand” will appear on the screen;
just sta_rl_ggessirg ENTER to start generating

andom numbers.

Since we have more thaii nine. &~
people to choose from, each: ..
person is assigned a two-digit <

identifying number. '

Mark off these numbers in two-digit
" increments. Start at the beginning. -
When a number is greater than 30,
ignore it. When a number falls in the -
range, 01 — 30, we select that person
for the random sample.

What do you do -
when you get a
number twice?

i F

Write the sample of ten members here.

25 Kuglew Ol. Trey 12, Toek 20 ]"oék

lgl U/\M@V\z DSBQb d’(\, Elfs{
14 g@w\)‘ . oh. Sheve Jn '7‘91\/‘-*

This is called a sampleWithout replacement. Once you survey a person, it does not make sense
to survey them again so they arc skipped 1f their number comes up again. In other words, they
are not replaced back into the pool once they are selected. o

7



O Other Sampling Methggl_g_@gs_tiﬂn-laﬂ)

Simple random sampling is not the only Way to sample properly. There are of other methods that

are less costly in money, time, or other resources. In fact, these other Qeihndsmag capture the

true picture of the population En better than simple random sampling.

S e e
[
Consider this graph that shows the Satisfaction with Living Conditions
discrepancies between how men and After Moving @
women feel about a recent move. By sex
March 2007 quarier
(Sovrce:

http://archive.stats.govt.nz/browse_for_stats/
populat1onfMlgrat1on/3nterna1-m1grat10n/beneﬁts-
ofimoving-men-women.aspx)

Living conditicns

m  HMale

M Foinale

If we were to perform a simple |
i random sample of Americans, we
: would get an aggregated view of how
Americans think. Asking women and
men separately shows the differences
~tetween the sexes, This is an example
“of astratilied random sample.

b3 26 40 60 80 00
Parcent

(1} Movers who steted thet their current living condifions were better
or much better than bafore they moved,

Definition: Stratified Random Sample: A stratified random sample is obiained by separating
the POPUIATON (ito non=oyverlapping groups called strata and then obtaining a simple random
sample from each stratum. The individuals within each stratum should be homogeneous (or
similar) in some way. (Y

e

Stratum is
smgular strata
- is plural.

subgroups within a population, like
transgendered people or Native Americans,
- who may get overlooked otherwise.

One big advantage of this technique is that fewer individuals need to be surveyed to get the same
O ~—mformation as a simple random sample. You can also report on the differences among groups.

Sp—
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Another technique eliminates the need for a frame for the whole population. Do you remember
what a frame is?

Definition: Systematic sample: A systematic sample is obtained by selecting ever i
individual from the population. The first individual selected 1s a random number between 1 and

e e r———tCm——————E

k.

nagmastnt

An example of this would be to survey every fifth house as you walk down a block.

survey every third household. The uFvey team found themselves in a neighborhood of three- -
Story walk-up apartment buildings, each with one apartment per ﬂo,_or’f Do you see why this ~

might cause frouble? R ) (‘“‘*‘—F‘-’*“

Systematic surv\e@r (voting).exit.polls and surveys of customers, among other uses.
Advantages over an “srs” include less cost and case of use.

2 ometimes this can go awry. I remember heating-of a study where.they decided beforehand to

Yet another good technique is the cluster sample.

Definition: Cluster sample: A cluster sample is obtained by selecting all indjviduals within a
rifdomly selected collection or group of individuals (clusters).

Here, the technique involves determining clusters (groups of individuals) that you will randomly

choose from. Once you have determiped the clusters vou want included, you survey gvery
individual in those clusters.

-

EXAMPLE Obtaining @:
A school administrator want§To-obtain a sample of students n order to conduct a suryey. She

randomly sclects 10 classes and adﬁlinis'fér_s"’fﬁ;é;survey to @il the students in the selected classes.

Fe



Here is a useful illustration of the differences among the four techniques we have studied.
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Multistage sampling occurs when a sample uses more than one of these techniques.
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Bad Sampling Methods:
e

We are bombarded by polls that claim to show the views of fellow Americans. Here is one 1
. =2 )
found online.

-4 Shouyld statues of confederate
- goldiers remain on public display?
Yes, they should stay where'they are

8’1%% N
Move them to museums where they tan be P i
displayed with educational historical context | i
JUNE 19, 2020 - 5:48 AM _— s
Tﬁ%l o
tust tear them down J
e AR R T T T g |
‘ ) O

(source: https:/fknss.radio.comfpoll—results?page=1)

Tt seems that every radio and TV show has running polls. The respondents are self-selected.
What do you think that means? T )

B 7&% c&@%“‘!{)b& Dart %L‘%a,
< QA@@L&- |

These are examples of Voluntary Samples 2 r i he respondents are nof chosen

randomly and so the results oot be used to mfcr ab Urthe 1arger population. That does not

stop many radio hosts from making that claim. o

Another type of bad sample is called the Convenience Sample. This is what it sounds like. The

“ndividuals in the sample were chosen simply because they were convenient. You have probably

R

feen asked to fill out such a survey. They are rampant i colleges as projessors give them out for
=] -.—____—____——__—_-_-._—_
<fficir own research.

e

11
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Rias in Sampling (Section g

A Wward one view or another. Sometimes the bias is intentional but often

not. mmm———— T
25 Definition: Bias: If the results of the sample are not representative of the population, then the |
‘-/si{nple has bias. . R “\l

There are three sources of bias. They are
1. Sampling bias
2. Nonresponse bias

3. Response bias

e e e

One famous (Hit still influentialpexample of a biased study is Andrew Wakeman. In 1998, he
and twelve colleagues pﬂblfshe;_:l_ a Lancet article saying the MMR (measles, mumps, rubella)
*Vaceine “may predispose 7o behavioral regression and pervasive developmental disorder in

children”. Despite the small samgle size of 12, the study was widely publicized. In fact, later
“Studies showed vaceines and autism fo be nked only begause they both ocour in carly

childhood. Unfortunately, the damage was done and the.antisvaxxer move@{gt—gg@_ﬂ? lot of
‘mopentum. Under scrutiny, it was found that study subjects were hand—pibl{gafln 2004, ten of
the researchers retracted their interpretation of the data. It came to light that Wakeman had been

"E’Ih’jifggf?cﬁy lawyers workigg for parents suing V_ggc_ine-producing_compgrges and that

"’M@ﬁi}i&dﬂa patent for a ;siggle measles vaccine, ‘f;org_yyhigﬁiﬁg;éﬁogiﬁ profit.once the
combined vaccine was taken off the market. B

g

—_—

TR
(;/1. Definition} Sampling bias means that the technique used to obtain the individuals to be in the
“SFmple Tends to favor one part of the population over another.. -

e

.-—“V : — - T ' " - " -
Pefinition: Undercoveragefosults in sampling bias. It ocours when the proportion of one

~Segment of the population is lower in a sample than it is in the ‘population. This can happen when
you leave out major groups in your sample, like women or transgendered people or vegetarians.

e

T e

Phone surveys can suffer from this because not everyone has a phone (homeless people come to

many will not pick up'the phone if they do not recognize who is calling, If these
'ﬁ?&ﬁ%ﬁ?ﬁ%ﬁhﬁﬁf@ﬁﬁﬁﬁ?@ﬁ sampled, theil we have undercoverage.

!1";.,7::.1..‘.-.:5:..m..:m?::',ﬁmm:“::'ﬂ_i-"'_':;-:;-:_?i_-""""* -
N

e AR
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O Have you ever goiten a survey in your email and ignored it? If so, you are included in the next
type of bias.

efinition: Nonresponse bias exists when individuals selected to be in the sample who do not
respond to the survey have different opinions from those who do. B

All surveys suffer from nonresponse. However, nonresponse can be improved through the use of

br rewards/incentives. Samples often attach a small reward for participation to ease this
— o

e ey

. Interviewer crror

-

. Misrepresented answers

. Wording of questions .&(
—_fd—"’——.——-ﬂ

. Order of questions or words>
S

Let’s look at some examples of these biases.

@W ording of questions) In the early 1990’s, Gallup asked Americans whether they
Sapported the US bombing Serbian forces in Bosnia. In this survey, 35% of respondents
supported the idea. The very same gl_éy_, ABC News asked whether Americans would support the
US cafong with its allics in Europs, Dhmbing Serbia forces in Bosnia. In this survey, 65%
supported the idea, Bxplain the difference in the wording of the question. What does this
SUppY M o

ST epe 15 S Allies o, means 1 Would be

Swebived 4o h = rde 15 LS, %‘FW°W-‘1M

gus)?arﬁ- e Tdea. The )Q%om ﬂi—@"f SaYs “us @Mb@

expl 7: (I\/I{?;repgc;menwgd &.M%;Ask”efogmt%%?\ﬁeop e how m?ugf pﬁ%@?&?}ciﬁ i%rﬂﬁif‘ gg dd
Soppert,

- R,

fask them to actually do_tﬁemL How accurate do you fhink the survey would be?

o @m net wmiLd .
2 be WEeng ) baaﬁm )
HLT

s - Tespl



O

xpl 8:(Order of questions or words) Consider a survey given in 1980 that contain

O &2

qersstions below.
.-_‘._"_“__._.._a-a—-sﬂ‘

ed both of the

 a.) Do you think the US should let Communist reporters from other countries come in here
S22 send back to their papers the news as they see it?

Do you think a Communist country such as Russia should Iet American newspaper reporters
= . . .
oome in and send back to America the news as they see it?

e S,

—

If you were taking this survey, how would you respond? What if your survey had the two
questiopm ould that change your opinion?
e N

My

<z

In fact, this survey was given in two different forms, one with question a first and one with

question b first.

pr——

R

[ivhen quesion o wissoked fes

7% then answered “yes” to question b.

hen question_a_was asked first, 54.7% of respo

e ——

2.

ndents answered “yes” to question ¢ and

'!Eut’when they asked question & first, 81 9% answered “yes” to b and 74.6% then answered
“yes” to .

= s ————

;
k‘w"‘To summarize:

14

eliminate response bias. F

reduction of estate_taxes?” They will ask the same

“oppose or favor”.

(When question a
was asked first, ..

When question b
was asked first...

“yes” to question b*

Percent who said 55% 75% -
“yes” to question a* . -
Percent who said 64% 82%

*T rounded these to whole number percents for ease of discussion.

Reputable surveys will often word their questions so they can rotate the options. This helps to
or instance, consider the question “Do you favor or oppose the

_cIﬁestion in half the s

4

?sb

hrase it as
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Definition: Data-entry error: Although not technically a result of response bias, data-entry

error will lead to results that are not representative of the populatlon ‘Once data are collected,
the results may ‘need to be entered into a computer, which could result in input errors. Or, a
Tespondent m@l&gﬂaw entry error. For example 39 may be entered as 93. It is imperative

that data be checked for accuracy. -

“-*4__—@"'-:__-’ ~ -—— ————a S i s

Deﬁnltlon@ampll ng errors are errors that result from samplmg bias, nonresponse bias,

This is opposed to Sampling error which is an error that results from using a sample to estimate

|
i
1

response blas or data-entry error. Such errors could also be present in ina completc census of the
i s e AT, ——e = — S—
p0pulat1on

—— -

information about a Eogulatlon “This type of error occurs because a ‘sample gives mcomplete

T T

~information about a population. These errors are not mistakes per se. It is expected and part of

the analys1s we do.

\ |

Worksheet: Sampling questions:

This worksheet focuses on questions that you should ask of any survey you read about. Who
carried out the survey? How was the sample selected? And more... Answering these questions
helps you determine how much bias is a factor. The worksheet uses a study that explored how
HIV/AIDS is viewed in the African American population.

f’f The Design of Experiments (Section 1.6)

s

d

A well-designed observational study can give us good information but we can never be sure that
the explanatory variable is ac actually’ mghc change in the S response va vanable Perhaps the

effect is simply a coincidence. An experiment will allow us to determinecausali

Definitions: An An exper lment isa controlled study conducted to deterrmne the effect of varmg

the values of the factms is called a treatment

= |

The experimental unit (or subject) is a person, object or some other well defined item upon

which a treatment is applied.

15



() A completely randomized design is one in which each experlmental umt is randomly assigned,

Smce we randomly assign individuals to each treatment, we can say more definitively that the

e e

explanatory varlable (for instance the ‘amount of radiation from a cell phone) did, in fact, cause

any change we n,gl:;@Jmthe response > variable (tumor growth rate) “We still hava to be careful in
Mr experlment Tet’s delve into sorme details.

expl 9 ipitor is a cholesterol lowering drug made by Pfizer. In the Collaborative Atorvastatin

‘D"“igﬁg;s Study (CARDS), the effect of Lipitor on cardiovascular disease was assessed in 2838
subjects, ages 40 to 75, with type 2 diabetes but without prior history of cardiovascular disease,
In this placebo-controlled, double-blind experiment, subjects were split roughly in half and
randomly assigned to either Lipitor 10 mg daily or a placebo. The subjects were followed for
four years. The researchers counted the subjects in each group who experienced a major
cardlovasoular event, such as a stroke or heart attack. This experiment found that Lipitor did
“Teduce the number of cardiovascular events (83 events in the Lipitor group versus 127 events in
the placebo group) and deaths (61 in Lipitor group versus 82 in placebo group).

a.) What are the treatments?

O (9@ Lipoc Vs ’{)(a,cabo ,,

he group that gets the placebo is called the control control group. What s a placebo? Why would
e want half the subjects to take a placebo?

a,ce,(oo - aFP |ML5 wo elect but is gﬂ?\»w M ?lacaza
PILD Used o Compane
B\r-e U-S a paselive W

C.) hat is the reSpo - 1a e? Is it a qualitative or quantitative variable?

respense var i Whitler or net
gU\ng ot Jod a  oardiowasedar

blmd study is one where the subjects d@t\know Whétreatment (L1 £1t01 or placebo)

they are receiving. Why would we want “this? What do you think deuble-blind means? Why

wouldwewantthls?m WM % ,SLLLZEJ QGLS Ll’l@ L{)? Z‘
o treatnet o oot Vhe resuwls .
HD@WW& bivd wewld hean nelhher Smb"‘a&(— nar

Person Sreatment  Knews  uha
m‘nﬁ“. ke d ool fnﬂuﬁm@ Teswg W ) Krn.ew

: ““._cL each subject What
“are they measuring at-

- the end?-
R naad




We will rot be designing

experiments.
Steps of Designing an Experiment: o O O Our OWN EXperiments

Step 1: Identify the explicit problem to be solved. This is often referred to as the claim.
Identify the response variable and the population to be studied.

Step 2: Determine the factors that affect the response variable. Once the factors are
identified, it must be determined which factors are to be fixed at some predetermined level (the
control), which factors will be manipulated, and which factors will be uncontrolled.

Step 3: Determine the number of experimental units. As a general rule, choose as many
experimental units as time and money allow. Techniques exist for determining sample size,
provided certain information is available.

Step 4: Determine the level(s) of the factors (explanatory variables). There are two ways to
deal with the factors: control and randomize.

1. Control: There are two ways to control the factors.

a) Setthe level of a factor at one value throughout the experiment (if you are not
interested in its effect on the response variable).

b) Set the level of a factor at various levels (if you are interested in its effect on the
response variable). The combinations of the levels of all varied factors constitute
the treatments in the experiment.

2. Randomize: Randomize the experimental units to various treatment groups so that the
effects of variables whose level cannot be controlled is minimized. The idea is that
randomization “averages out” the effect of uncontrolled explanatory variables.

Step 5: Conduct the Experiment.

a) Replication occurs when each treatment is applied to more than one experimental unit.
This helps to assure that the effect of a treatment is not due to some characteristic ofa
single experimental unit. It is recommended that each treatment group have the same
number of experimental units.

b) Collect and process the data by measuring the response variable. Any difference in the
value of the response variable is assumed to be a result of differences in the level of the
treatment. -

Step 6: Test the claim. This is the subject of inferential statistics. Inferential statistics is a
process in which generalizations about a population are made on the basis of results obtained
from a sample. Provide a statement regarding the level of confidence in the generalization.
Methods of inferential statistics are presented later in the text.
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O Definition: Placebo effect: To know you are receiving any treatment can be powerful mﬁ

‘ The placebo effect refers to how people will improve even though the treatment they received
"has no actual efficacy. It is truly mind over matter, Using placebos in experiments will help
‘offset this effect m the data.

Definition: Hawthorne effect: This refers to when a person changes their behavior because they
“know they are being observed, Imagine trying to figure the percentage of people who wash their
hands after using a public_ resirooi by sitting next to the sink with a clipboard, How would you

5 ey

account for that?
D
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