Unit 13
Samples and Populations

Objectives:
» To distinguish between descriptive statistics aridrential statistics
* Todistinguish between a sample and a population
* To distinguish between the population of interest the accessible interest
* To distinguish between a random sample and a ndararsample
* To understand methods for selecting a simple ranglmple or a systematic sample
* To understand the limitations of using a convergesample

All of the topics that we have covered up to ghoint have focused exclusively dascriptive statistics,
which is the use of tables, graphs, numerical quesitetc. to describe a data set. We now wahetin
discussing topics leading ioferential statistics, which is the use of information gathered fromatadset to
draw a conclusion about a set of items larger thage on which the data was taken.

To illustrate the difference between descriptitatistics and inferential statistics, suppose 2Q@0
voters in a city are polled prior to an upcomingotibn for mayor, and we find that 800 of thosdqubintend to
vote for Olsen for Mayor. If we merely report tf1d0% of 2000 voters polled in a city intend toevéor Olsen
for Mayor," then we would be simply using a peregjetto describe a feature of our data; this isxamele of
using descriptive statistics. On the other haindgiwere to draw the conclusion that "based omptiieng data,
Olsen does not have enough votes to guarantebehwill win the election for mayor over the onljhet
opponent,” then we would be drawing a conclusiayuaiall voters in the city from observations th&resmade
only on some of the voters; this is an examplesirigiinferential statistics.

As another illustration, suppose that 500 housihiol a city are surveyed, and the yearly income is
recorded for each household. If we merely regmat tthe average of yearly incomes recorded for 500
households in a city is $27,408," then we wouldibgply using a mean to describe a feature of ota; dhis is
another example of using descriptive statistics.tl@ other hand, if we were to draw the conclushan "based
on the mean income for the 500 households, the ety income per household for entire the citgetow
$30,000," then we would be drawing a conclusioruélatl households in the city from observationd there
made only on some of the households; this is anetkemple of using inferential statistics.

Essentially, descriptive statistics simply refers factual presentation of information abouttao$e
items on which data was observed. Inferentiaistted goes beyond merely making a statement ahettems
on which data was observed; the purpose of infedlestatistics is to draw one or more conclusidnsud a
larger set of items than those on which the datobserved, whereas there is no such intent wibrigeive
statistics.

In statistical terminology, population refers to a set of items about which we wish oadone or more
conclusions, and sample refers to a finite set of items which are seledteth the population and on which
conclusions about the population are based. ledhnker illustration concerning the election ofyog all
voters in the city comprise the population, and28e0 voters polled make up a sample. In thetittion
concerning yearly income per household, all houlsishia the city comprise the population, and thé 50
households surveyed make up a sample.

In practice, there is a bit of harmless ambiga#igociated with the terrpspulation andsample.
Depending on the context, we may use the tgopalation andsample to represent the items on which a
specific variable is measured, or we may use tmastpopulation andsample to represent the actual values of
the variable. For instance, in the illustratiomecerning yearly income per household, we mightthed¢erm
population to refer either to all households in the citymatl values of yearly income per household indit
similarly, we might use the term sample to refénesito the 500 households surveyed or to the vedearalues
of yearly income per household from the 500 houlslshsurveyed. We will switch back and forth betwee
these two subtly different interpretations of tharispopulation andsample as is convenient in a particular
context, but this should not really cause any csiofu
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In general, a population may consist of an infimumber of items or a finite number of items; heave
a sample must always consist of a finite numbeteafs, since no human being could ever hope tecotiata
consisting of an infinite number of observatio@r example, in the previous illustration concegriine
election of mayor, the population of all voterghie city might be huge, but it will still be finiteOn the other
hand, suppose we wanted to draw some conclusiang #te population consisting of the weights of a
particular type of pear grown under certain coodsi. There is really no end to the number of qears that
could theoretically ever be grown, although humeimgs will only be able to ever observe a finitener of
such pears. The population of all such pear weiglttuld indeed be infinite.

As a general rule, many large populations, sucilasters in a city, are treated as infinite, e#ieough
this is technically not true. The distinction beem finite and infinite populations has no pradticgact if the
size of the sample is less than 10% of the sizheopopulation, which is often the case. Unlekemtise
indicated, we shall always assume that a populagonbe treated as infinite for all practical pupa

If our intention is to base conclusions about pytation on a sample selected from the populattoen
we most certainly want to select a sample whichhelvery likely to provide us with an accurateresgntation
of the population. Some famous historical exampésbe cited where a very misleading conclusios made
as a result of selecting a sample that was far inraccurate representation of the population abigh the
conclusion was drawn.

The 1936 election for President of the United &tdtetween Landon and Roosevelt provides one such
example. The.iterary Digest, a magazine which had correctly predicted theiptesv1932 election, polled ten
million voters and assured its readers that Landould receive more than twice as many votes as ®edis
When Roosevelt won the election easily, lthterary Digest ceased to exist shortly thereafter. Even thobgh t
sample on which theiterary Digest based its conclusions was huge, this sample wdrofa representative of
the entire voting population. The hard lesson tizat been demonstrated was that no matter howdiltye
large a sample may be, conclusions from the saarpleffectively worthless if the sample grossly
misrepresents the population about which conclgséwa to be made. What is sometimes amazing, lwasy
we shall see later on, is the amount of accuraaiywie can achieve with a seemingly small sampleawthat
sample is selected appropriately.

What was wrong with the sample used byltherary Digest in the 1936 election? The magazine
selected its sample from its subscribers and fraltimg people on the telephone, which was the ssenepling
procedure used in the previous 1932 election whead predicted the election correctly. Howewvethie
1930s, only the wealthier citizens had telephomessaibscribed to thdterary Digest, and this was far from
representative of the population of voters in thertry. Consequently, the sample used byt tkeary Digest
was extremely biased; when this sampling procedaeused for the 1932 election, it was just coielcad and
not accuracy from sampling that resulted in thedaty Digest's correct prediction. Examples simitawvhat
occurred in 1936 also occurred in the 1948 and T®&&idential elections.

It is very rare that we are able to select a sarfipin a population with a guarantee that the samwwl
adequately represent the population. Sometimesyaaot even able to sample from the entire pdipnlan
which we are interested. Suppose, for instaneg vile want to obtain a sample of college studemta study.
It is unrealistic to think that we could ever hageess to the population of all college studer@sabse this
population is much to large and is spread out aveuge geographical area. In practice, we mushdaftttle for
sampling from araccessible population, which would consist only of those items to whieh have access. Ina
study concerning college students, the researefmukl most likely only be able to obtain subjectsi a few
accessible colleges. It is then important to reatlnat the conclusions drawn from the sample ealtyronly be
applied to the accessible population of collegdestts, since no other college student ever hadiacehto be
selected. In general, the conclusions made frgamaple can be applied only to the accessible ptpualtom
which the sample came. We may or may not be Siateatsample representing the accessible population
adequately represents the larger population.

Sometimes it is possible to obtain a list of d ttems in a population from which a sample ibe¢o
taken. Such a list is calledsampling frame. In the previous illustration about a study canogg college
students, it might be reasonable to think thastedli all the college students in the accessibfufation could
be made available; such a list would be a samitarge that could be used in the selection of a samfss
another example, if we wanted a sample of bloodgunees from employees at a particular factory, wetrfirst
select the sample of employees whose blood pressuitdoe measured. A list of the employees offéetory
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would be a sampling frame and could be very helipftihe selection of a sample. It is reasonabksgume
that such a list could be made available. On therdand, if we wished to obtain a sample of theuants of
cereal per box from the boxes of cereal producedparticular factory, no sampling frame would &xis

With some sampling methods, access to a samptmgefis extremely helpful; with other methods, a
sampling frame is not a necessity. When a samffilarge is used to obtain a sample, how well thecstedt
sample represents the population of interest wilinfluenced by the accuracy of the sampling frafheve
were to poll a sample of voters in a certain votiggrict, obtaining an accurate list of all votenght not be
anywhere near as easy as obtaining an accuratd istemployees of a factory. We might attenmppbll a
sample of voters by randomly selecting names frgghane directory; that is, the phone directory widag
used as our sampling frame. The inaccuracy of awgadmpling frame would arise from the fact thameso
voters have unlisted phone numbers, some voteneteave phones, and not everyone who has a phitiieew
necessarily be a registered voter. Therary Digest has already provided us with an example of howngro
our conclusions can be when our sample is seléiadan accessible population which is quite ddfarfrom
the population to which we intend to apply our dosions.

The procedure we use to select items from oursadale population is calledsampling design. Each
of the many possible sampling designs can be Glgsis providing either eandom sample or anonrandom
sample. A random sample is one where items in the pajumare selected by chance after assigning some
nonzero probability of being selected to each itampnrandom sample is one where items are nattedlby
chance. A nonrandom sample is often some typeraenience sample. As the name implies, a convenience
sample is one consisting of items which are easigjlable. The.iterary Digest conducted its polls to predict
presidential elections on a convenience sampl®tafrs consisting primarily of the voters that werest easily
accessible (i.e., its subscribers and those whia dmureached by phone).

For another example of a convenience sampleslagain consider a study where we want to obtain a
sample of college students. Suppose we have detndsample from an accessible population congjstin
students from a few nearby colleges. Selecting thrdse students who volunteer to participate énstudy
would result in a convenience sample. There cthéd be two limitations to such a study: one lithdta could
result from the fact that the sample was select@d fin accessible population instead of from thmufagion of
interest, and another limitation could result frhma fact that the sample was selected convenibgtlysing
only volunteers.

Using a convenience sample is generally considetaditation. In certain situations, the limitari
from using a convenience sample can be reducedtiedd of merely choosing items which are easilylae,
it might be possible to select items which are debto represent accurately the population of istdsased on
some expert knowledge and judgment about the deaistics of the population of interest. Howeweithout
any real way to make an assessment of the accafadbyg knowledge and judgment, such a samplelisasti
limitation.

In order to be able to assess the likelihoodskbgcted items adequately represent the sampled
population, a random sample is generally prefeoredt a nonrandom sample. There are many difféypets
of random samples which can be selected, but thet basic of these issiample random sample of sizen.
Formally, we define a simple random sample to bes@iected in such a way so that each item inaimpked
population has an equal chance of being selectédsaselected independently of any other item. idéahat
this definition is not based solely on each iterthim sampled population having an equal chanceiofjb
selected; we must also insure that items are seléctiependently of each other. A sampling procedinere
each item has an equal chance of being selectethéditems are not selected independently of ow¢har, is
not simple random sampling.

To illustrate, let us suppose that we want a sarofith = 2 names from the following list of four names:
Patrice, Julia, Daniel, James. If we use simpheloan sampling, there are six possible samples wdoakd be
selected, and each name would have an equal chat(2 probability, of being the selected samflkese six
possible samples are as follows:

{Patrice, Julia} {Patrice, Daniel} {Patrice, Jasie
{Julia, Daniel} {Julia, James} {Daniel, James}

Each person's hame appears in three of the samiit is why each person has an equal chancé, a B/2
probability, of being selected.
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On the other hand, if we sample by flipping a &im and choosing either the two males or the two
females depending on whether heads or tails resaétonly two possible samples are as follows:

{Patrice, Julia} {Daniel, James}

Each of these samples has a 1/2 probability ofgotia selected sample. Since each person's ngrearapn
exactly one of the two possible samples, each pdras a 1/2 probability of being selected. Howgserce it
is only possible to select samples containing peopthe same sex, any sample containing peopdédfefent
sexes has a zero probability of being the selesdetple. Even though each person has an equalecbén
being selected, this sampling procedure is notlemgdom sampling, because males and femaleare n
selected independently of one another

With simple random sampling, each sample of sihas an equal chance of being chosen. As we have
just seen though, if items are not selected inddpealty of one another, each sample does not haee el
chance of being the selected sample. There arg athar types of random samples other than singridom
samples, but since so many statistical proceduscbased on simple random sampling, it is commaefir to
a “simple random sample” merely as a “random safmpléo refer to “simple random sampling” merelyas
“random sampling.” Hopefully, this will not cauaay confusion, as it should be clear from the cantéa
discussion what is meant.

With the principle behind simple random samplisgisimple one (hence, the name!), obtaining a
simple random sample in practice is often not e&xy. example, let us suppose we are able to &bitle
items in population with different numbers, we wr#ach number on a slip of paper, and we placheallips
of paper in a hat. Are we truly obtaining a simggedom sample when we reach into the hat andtsbkec
desired number of slips of paper? If we are catefthoroughly mix up the slips of paper beforkeston, then
we can reasonably assume the answer is yes. Hoveend physical randomization procedures do voays
work as well as we might expect. One famous examplere physical randomization went awry was with t
1970 draft lottery.

The goal in the 1970 draft lottery was to randoaggign the integers from 1 to 366 to each of the
calendar days in 1952, which was a leap year (shwse born in 1952 would be 18 years old in 19E3ch of
the calendar days of 1952 was recorded on a slyaeér and put into a capsule. The 366 capsules wixed
into a bin. The capsules were then selected frenbin one at a time; the date in the first capselected was
assigned the integer 1; the date in the secondileapslected was assigned the integer 2; etarriet out
however that the mixing of the capsules was not darie, and those with birthdays at the end ofythae
tended to get lower draft numbers. The correldbetween date and draft number was found to be very
significant. (If the assignment of integers toecalar days had been truly random, the probabiligbtaining a
correlation as strong as the one which was foutebsthan 0.001!) This illustrates the level afecthat must
be taken when using physical randomization proadur

Even when great care is exercised, physical raimdion procedures can be a tedious chore. Coin
tosses, dice rolling, selecting slips of paper flmns, etc. might be employed satisfactorily whas amount of
randomization needed is on a small scale, but tbesde difficult and time consuming when randoridraon
a large scale is needed, as is the case in maogqgaissituations. Consequently, randomizatioafisn best
done by using a computer program designed to steth@ generation of random numbers. Programmable
calculators and many computer software packageh, @sispreadsheets, are often capable of generatidgm
numbers.

For those not having access to appropriate sodtwato a programmable calculator to generate rando
numbers, random number tables which have been peddoy computer are available. réhdom number table
is a sequence of single digits chosen from 0, 3, 2, 5, 6, 7, 8, and 9 in such a way so that eathe ten
integers has an equal probability (1/10) of beielgcted, and each digit is selected independeh#yl other
digits selected. Table A.1 in Appendix A is a btable of random numbers generated by computesreM
extensive tables of random numbers are availabdlbook titledOne Million Random Digits produced by the
RAND Corporation has been widely used in sampliegigh and experimental design.

After appropriately using integers to label at items from which a sample is to be selected,ame c
select a simple random sample by reading entriagamdom number table beginning with an arbitsaayting
point. The way in which the entries in the tablerevgenerated ensures that the resulting sampleecarated
a simple random sample. To illustrate, let us imaghat we want to select a simple random samijse&ze
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n = 8 from 456 employees of a factory. We shall destrate how Table A.1 could be utilized to sethet
sample.

First, we obtain a list of the names of all 45@toyees; then, we label the names 001, 002, 003, ...,
456. Next, we choose an arbitrary starting pairifable A.1 and read distinct sets of three-digities
between 001 and 456 inclusive until we obtain aarof size 8. The entries of Table A.1 are orgediiin
groups of five in order to make it easier to usettble. Suppose we choose to start with the ragtlof the
first page of Table A.1, and we read the first ¢hdigits of each set of five, moving across thegomtil the
desired sample size is obtained. The entriesaeads follows:

238 169 423 973 000 120 090 5645 675 483 747 544 954 888 1540 7711 159 .
Our simple random sample of size= 8 would consist of the names labeled as follows:
238 169 423 120 090 115 154 159 .

All other labels we read from the table are igndsedause they are not between 001 and 456. Onedlgiat
may occur that the same item is selected moredhee (although this was not the case in the praviou
illustration). When this happens, we simply igntire repeats and continue to read the random nutabler
until the desired sample size is obtained.

As another illustration, let us suppose that gpfmandom sample of tax returns is to be seldcted a
population of 2,980 tax returns. We first labed thx returns 0001, 0002, ..., 2980. The simpldomn sample
can now be selected by reading distinct sets afdiagit entries from an arbitrary starting pointTiable A.1.

It is important not to confuse random selectiothvairbitrary selection. Suppose you are looking at
pile of 2,980 tax returns and decide to selecthapda by just reaching into the pile and grabbirgydhe, after
which you reach into the pile again to grab anotirer, and so on, until the desired sample sizehieeed.
Have you truly selected a simple random sample® nfay think you have, but what you have really disne
select ararbitrary sample, which is one chosen by in a haphazard mannghodgh an arbitrary sampling
might seem to be the same thing as a simple rasadonpling, arbitrary sampling can not guaranteedhah
item has an equal chance of being selected. Wobemeach into the pile to grab a tax return, yasntikely
will not take the one on top of the pile or the @methe bottom of the pile. However, once youraasle aware
of this, you may deliberately make an effort togt@kes near the top or ones near the bottom gffitdveperhaps
making these more likely to be selected than otimettse pile. In any event, arbitrary samplingeli
convenience sampling provides us with no real wanake an assessment of the likelihood that thétireg
sample is a good representation of the populatiemerest, which is a limitation.

Self-Test Problem 13-1. Identify each situation as an example of eithescdptive statistics or inferential
statistics; for each example of inferential statsstidentify the population and the sample.
(a) After examining 129 of the trees in a wed@rea, a forest ranger concludes that 21% tfeal in the
wooded area have been affected by a recent blight.
(b) The average distance that all employeesiaffice travel to get to work is found to be &ies, after
obtaining the distance that each employee travedet to work.
(c) A forestranger reports that 27 of 12@¢rexamined in a wooded area are affected by atrblight.
(d) Based on the average distance that emgdoiyea particular office travel to get to workisittoncluded
that the average distance which all employeesarcthporation travel to get to work is about 8.4emi

Self-Test Problem 13-2. Decide whether or not each sampling procedurébeaneated as simple random
sampling.
(a) A forestranger selects a sample of thees a wooded area by traveling through the arebsatecting
any tree that catches his eye every 10 or 15 nsnute
(b) A sample of 10 students is selected fraztaas of 52 students by assigning each studeat®rno one
card in a standard deck of 52 cards, shufflingdek thoroughly, and choosing the names
corresponding to the top 10 cards.
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Self-Test Problem 13-3. A simple random sample of 10 students is to bertel from a class of 52 students
(@) Describe how the students in the clasddvoe labeled in order to use a random number taldelect
the sample.
(b) Indicate which labels would be selectadtfi@ sample, if we were to start from the begigrofthe
12th row on the first page of Table A.1.

Table 13-1 Table 13-2
Employees of Mythical Employees of Mythical
Corporation Ordered Corporation Ordered by Salary

Alphabetically by Last Name

Name Position Salary Name Position Salary

Appleby  Salesman $ 55,000 Gray President $100,000
Bernhardt Senior Vice President 90,000 Bernhardt Senior Vice President 90,000
Birch Salesman 50,000 Fry Junior Vice President 85,000
Dickenson Secretary 20,000 Therman  Salesman 75,000
Fry Junior Vice President 85,000 Vern Salesman 70,000
Gray President 100,000 Newman  Salesman 65,000
Jones Secretary 10,000 Pearson Salesman 60,000
Mendel Salesman 35,000 Appleby  Salesman 55,000
Newman  Salesman 65,000 Birch Salesman 50,000
QOlsen Salesman 40,000 Smith Salesman 45,000
Pearson Salesman 60,000 Olsen Salesman 40,000
Quull Head Secretary 25,000 Mendel Salesman 35,000
Smith Salesman 45,000 Quull Head Secretary 25,000
Therman  Salesman 75,000 Dickenson Secretary 20,000
Vern Salesman 70,000 Jones Secretary 10,000

Even with the aid of a random number table, thectien of a simple random sample can be tedious.
Labeling each of the 2,980 tax returns in the eaillustration could be quite a chore unless tlvezee some
already existing label (perhaps all or part of @acsecurity number) which could be used. Onreratitive to
simple random sampling is systematic random samgpplhsystematic random sample of sizen from a
population of sizéN is one selected by randomly selecting one ofitselfitems and everith item thereafter,
wherek =N /n. This may sound complicated, but the idea bebystematic sampling is actually very
straightforward.

In order to illustrate how systematic random sangptompares with simple random sampling, imagine
that we intend to select a sample of size3 employees from a mythical corporation consgstfN = 15
employees. In order to select a systematic rarslmple of size = 3, we lek = 15/3 = 5. If a sampling frame
listing the 15 employees were available, we woaltomly select one of the filst= 5 names on the list and
select every 5th name thereafter. Tables 13-118r2are two possible sampling frames for the c@pan.
Each table is a list containing names, positiond,salaries. Table 13-1 is in alphabetical orgendme, and
Table 13-2 is ordered by salary.
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Suppose first that we use Table 13-1 as a samfshinge. We select the systematic random sample by
randomly selecting one of the first five names selécting every 5th name thereafter. It is eashexk that
the five possible systematic random samples of sgmith salaries in parenthesis) are as follows:

{Appleby($55,000) Gray($100,000) Pearson($60,p00)
{Bernhardt($90,000) Jones($10,000) Quill($25,000)
{Birch($50,000) Mendel($35,000) Smith($45,000)}
{Dickenson($20,000) Newman($65,000) Therman($73)p0
{Fry($85,000) Olsen($40,000) Vern($70,000)}

Each of these samples would have an equal charmé @f 5) of being selected. Alternatively, suppthat we
use Table 13-2 as a sampling frame. We seleaystematic random sample by randomly selectingobiee
first five names and selecting every 5th name #ifege It's easy to check that the five possigktematic
random samples of names (with salaries in pareisjre® as follows:

{Gray($100,000) Newman($65,000)  Olsen($40,000)}
{Bernhardt($90,000) Pearson($60,000) Mendel($3HJ00
{Fry($85,000) Appleby($55,000) Quill($25,000)}
{Therman($75,000)  Birch($50,000) Dickenson($20)30
{Vern($70,000) Smith($45,000) Jones($10,000)}

Each of these samples would have an equal charmé @f 5) of being selected.

If our purpose in selecting a sample of three eygss is to represent the distribution of saldrigdhe
corporation, it would seem desirable for the sanpleontain one of the five high salaries, oneheffive
middle salaries, and one of the five low salariéach of the possible systematic samples with TaBi2 as the
sampling frame will contain one of the top fiveag#@ds, one of the middle five salaries, and onhefottom
five salaries. This is not true for each of thegible systematic samples with Table 13-1 as thmplag frame.
While none of the systematic samples with Tabld E3-the sampling frame grossly misrepresent theiasiin
the corporation, we are more likely to get a gaggresentation of the salaries in the corporatidh systematic
random sampling by using Table 13-2 as the samfiamge.

Now, how does systematic random sampling compéhresimple random sampling? If we were to use
simple random sampling instead of systematic ransimmpling, it would not matter whether our sampling
frame was Table 13-1 or 13-2. In either casegthee exactly 70 possible random samples of siea@ of
which would have an equal chance (1 out of 70)enfigp selected. Since there is no guarantee thiat@e
random sample of size= 3 will contain one of the five high salarieseaf the five middle salaries, and one of
the five low salaries, we are just as likely to ggjood representation of the salaries with a Byatie random
sample selected from Table 13-1 as with simpleaangdampling.

The reason that systematic random sampling witheTh3-2 as the sampling frame is better than
systematic random sampling with Table 13-1 as #inepding frame and is also better than simple random
sampling, is because Table 13-2 is ordered witheretsto salaries. In general, when the sampliagnértends
to be in ascending or descending order with redpeitte variable of interest, we are more likelyphtain a
good representation of the population with systemwandom sampling than with simple random sampling
When the sampling frame is in random order witlpees to the variable of interest, the likelihoodbtaining a
good representation of the population is the sameyfstematic random sampling and simple randonpkam

In many situations, systematic random samplinghiriig preferred over simple random sampling,
because no complicated labeling scheme and noaereof many random numbers is really necessatty wi
systematic sampling, making it easier to implentean simple random sampling. Our comparison oidsab
13-1 and 13-2 as sampling frames also leads usli®vb that in general we can expect a systematidam
sample to be at least as good a representatidre afampled population as a simple random samplale\this
is often true, there are some odd situations wiggtematic random sampling is more likely to preadagoor
representation of a population than simple randaming.

To illustrate, imagine another mythical corporatamnsisting oN = 20 employees with four employees
in each of five different departments. In ordesétect a systematic random sample of Bizeb using Table
13-3 as the sampling frame, weltet 20/5 = 4. We then select the systematic ransimple by randomly
selecting one of the fir&t= 4 names and selecting every 4th name theredftex easy to check that there are
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four possible systematic random samples of nanasthuld be selected: one sample consists of ¥ke fi
department chairmen, one sample consists of tkeafigistant department chairmen, and each of liee o
samples consists of one member from each of teed@partments. If, as before, our purpose in Setea
sample of five employees is to represent the Oigion of salaries in the corporation, it wouldreet® be
desirable for the sample to contain a variety tdrés. However, samples containing only departmen
chairmen or only assistant department chairmentenidl to contain the higher salaries, while samples
containing only department members will tend totaomthe lower salaries. None of these sampledgiges a
reasonable representation of the distribution lafr&s in the corporation.

The'reason for the poor performance Table 13-3
of systematic random sampling in the . ]
previous illustration is because the order in |Employees of Another Mythical Corporation
which salaries appear in Table 13-3 is Ordered by Sa]ary within Department
periodic in natL_Jre, that |s the salaries in_cree Name Position Salary
and decrease in a r_elat|vely regular cyclical Taylor Chairman of Department A $50,000
pattern. However, it need not always be the _ _
case that systematic random sampling Saunders  Assistant Chairman of Department A 45,000
performs poorly in such situations. Suppost | Nelson  Member of Department A 20,000
Table 13-3 is to be used as the sampling King Member of Department A 20,000
frfarr_]e to _seI(?ct a sa/stematlc rgndgﬂm_sample Templar ~ Chairman of Department B 45,000
of sizen = 4 from the corporation o = 20 Randall  Assistant Chairman of Department B 40,000
employees. We select the systematic randc|
sample by randomly selecting one of the firs | Sinclair  Member of Department B 20,000
k = 20/4 = 5 names and every 5th name Wilde Member of Department B 15,000
t_hereafte_r. It is easy t(_) check that there are | Hopkirk ~ Chairman of Department C 47,500
five possible systematic random samples of Nichols  Assistant Chairman of Department C 45,000
names that could be selected, and each suc Phili Member of D c 25,000
sample consists of exactly one department | ¥ ember of Department >
chairmen, one assistant department chairmi| Fitzhugh ~ Member of Department C 27,500
and two department members. Each such | Kent Chairman of Department D 55,000
sample will contain a variety of salaries and | 1350n Assistant Chairman of Department D 42,500
b.e avery good rep_resgntanon of the . Simon Member of Department D 22,500
distribution of salaries in the corporation. In
general, when the sampling frame exhibits ¢ | “9LY Member of Department D 22,500
periodic or cyclical pattern with respect to th | Hayes Chairman of Department E 52,500
variable of interest, the likelihood of Collins  Assistant Chairman of Department E 47,500
ObtaI:’]I?g a g'?r(])d retprescte.ntatlog of the |' Post Member of Department E 17.500
population with systematic random sampling .
depends on how the valuesréndk are Martin  Member of Department E 22,500

related to the cyclical pattern in the samplingrfea

In all our illustrations involving systematic raord samplingk = N / n conveniently turned out to be an
integer. When this is not the case, we can simgapdk up which may result in a sample size which is lese
than actually desired. An earlier illustration cemed the selection of a simple random samplexofdturns
from a population of 2,980 returns. If it is reasble to assume that the tax returns are in raraitdar,
systematic random sampling could be consideredahe as random sampling. If a systematic randomplsa
of sizen = 100 were to be selected, tHen 2980/100 = 29.8. We could randomly select dritbefirst 30
returns and every 30th return thereafter, with alsamance that we will obtain a sample size oss tean the
desired 30, in which case we could simply use @melom number table to select one more tax return.

Strictly speaking, systematic random samplinglieen defined here when selecting from a population
of known sizeN. The size of the population in each of Tabled 133-2, and 13-3 was made to be
unrealistically small, so that we can easily demiats some important concepts. With very largefonite
populations, we might use a modified version oteymtic selection. For example, a pollster maydieto
interview every 20th person who comes out of ai@aer building or may pick the 8th name on evedy2
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page of a phone directory. Whatever, modificatiimnsystematic selection are made, we must always b
cognizant of how the method used to obtain a saaffgets how well the sample will represent theydafon.

Self-Test Problem 13-4. A sample of students is to be selected from ssaté 52 students. Each student’s
name is assigned to one of the cards in a stamgaidof 52 cards.

(@) Describe how a systematic random sampl8atudents could be selected.

(b) Describe how a systematic random samplaftudents could be selected.

Self-Test Problem 13-5. Five hundred students are taking an exam in & haugditorium. The students all stayt
the exam at the same time and are allowed to ivlea finished. In order to estimate the averageusnnof
time to complete the exam, the length of time spearthe exam is to be recorded for each in a saof{38
students.

(@) The students’ test booklets are labelechfd01 to 500, and a random number table is usseléat the
50 students whose times are recorded. Is thimplasirandom sample or a systematic random sample?

(b) The students’ test booklets are labelethfd01 to 500, and a random number table is ussell¢at a
random number from 1 to 10. The random numbect&lgurns out to be 8, after which the 50
students whose times are recorded are 008, 018,.02898. Is this a simple random sample or a
systematic random sample?

(c) A random number table is used to seleandom number from 1 to 10, and the random number
selected turns out to be 8. The times are recdatdtie 8th student to submit the exam and foreve
tenth student to submit the exam thereafter. issalsimple random sample or a systematic random
sample?

(d) Which of the sampling methods describegairts (a), (b), and (c) is the best choice andavhy

Answersto Self-Test Problems

13-1 (a) This is an example of inferential statistit® population consists of all trees in the woodez,
and the sample consists of the 129 trees whicfotlest ranger selected to examine. (b) This is an
example of descriptive statistics. (c) This issaample of descriptive statistics. (d) This issxample
of inferential statistics; the population consstall employees in the corporation, and the sample
consists of all the employees in the selected efiiged to estimate the average distance.

13-2 (a) This is more arbitrary sampling than it is gienrandom sampling, since the ranger’s choiceeafst
cannot be considered truly random. (b) This caodmsidered simple random sampling, since a well
shuffled deck of cards can be considered as bairgndom order.

13-3 (a) The students would be labeled with 01, 0252., (b) The labels selected starting from the
beginning of the 12th row on the first page of Eahll are 05, 46, 15, 07, 03, 12, 07, 14, 47, &d 4

13-4 (a) Sincek = 52/13 = 4, a random number table could be ussdlect a random number from 1 to 4 o
determine which of the first four cards in the dézlselect. Then, every 4th card thereafter waidd
be selected to determine the sample of size 18Siflcek = 52/10 = 5.2 is not an integer, a random
number table could be used to select a random nuimdre 1 to 6 to determine which of the first six
cards in the deck to select. Then, every 6th tteeckafter would also be selected to determinergplea
of size 10, or possibly a sample of size 9, in Wwidase we could simply use the random number taQ
to select one more card.

13-6 (a) a simple random sample (b) a systematic rarskomple (c) a systematic random sample (d) The
sampling method described in part (c) is the blesice, because the completion times are in ascgndin
order, which makes the likelihood of obtaining @dwoepresentation of the population higher with
systematic random sampling than with simple randampling.

e
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Summary

Descriptive statistics is the use of tables, graphs, numerical quantigies to describe a data set;
inferential statisticsis the use of information gathered from a datdsdtaw a conclusion about a set of items
larger than those on which the data was takepoptilation refers to a set of items about which we wish to
draw one or more conclusionssample refers to a finite set of items which are seledteth the population and
on which conclusions about the population are ha¥éd may use the termspulation andsample to represent
the items on which a specific variable is measunesye may use the termspulation andsample to represent
the actual values of the variable. Many finite lamge populations are treated as infinite; thértition
between finite and infinite populations has no pcatimpact if the size of the sample is less th@% of the
size of the population, which is often the case.

If our intention is to base conclusions about pytation on a sample selected from the populattoen
our goal should be to select a sample which wiNée likely to provide us with an accurate repregagon of
the population; obtaining such a sample often dépeamore on how the sample is selected than orizeet
the sample. In practice, we must often settleséanpling from amccessible population, which would consist
only of those items to which we have access; timelosions made from a sample can only be appli¢ideto
accessible population from which the sample caB8mmetimes it is possible to obtain a list of ad ttems in a
population from which a sample is to be taken; sudht is called @ampling frame.

The procedure we use to select items from oursadale population is calledsampling design. Each
of the many possible sampling designs can be Glgsis providing either eandom sample or anonrandom
sample. A random sample is one where items in the pajoumare selected by chance after assigning some
nonzero probability of being selected to each itampnrandom sample is one where items are nattedlby
chance. A nonrandom sample is often some typeraienience sample, which is one consisting of easily
available items. Using a convenience sample igigdliy considered a limitation. Sometimes, thisitation
can be reduced by choosing items which are deemaccurately represent the population of interased on
some expert knowledge and judgment about the cleaistecs of the population of interest.

In order to be able to assess the likelihoodskbgcted items adequately represent the sampled
population, a random sample is generally prefeorett a nonrandom sample. Among the many diffegres
of random samples, the most basic &naple random sample of sizen. A simple random sample is one
selected so that each item in the sampled popuolags an equal chance of being selected and tesele
independently of any other item. Physical randatiim procedures do not always work as well as wghim
expect and can be difficult and time consumingewisk. Programmable calculators and computer aoftare
often capable of generating random numbers. Taiflendom numbers generated by computer are also
available.

A systematic random sample of sizen from a population of sizH is one selected by randomly selecting
one of the firsk items and everlgth item thereafter, wheite= N/n. Systematic random sampling can often be
easier to implement than simple random samplimg:esho complicated labeling scheme is needed. Wigen
sampling frame tends to be in ascending or desogradider with respect to the variable of interest,are more
likely to obtain a good representation of the papiah with systematic random sampling than withpden
random sampling. When the sampling frame is inloamorder with respect to the variable of interte,
likelihood of obtaining a good representation @& gopulation is the same for systematic random Baghand
simple random sampling. When the sampling frantébits a periodic or cyclical pattern with resparthe
variable of interest, the likelihood of obtaining@aod representation of the population with systesmandom
sampling may be higher than, the same as, or |tveerthat with simple random sampling. Modifiedsiens
of systematic selection are often used with indirit very large populations where no sampling fréane
available.
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