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OFURTHER BACKGROUNDI
OINTRODUCTIONO AND DIRECTIONS

VALID stat_lstlcal inference requires data that ar tratified random sampling is an important statistical
representative of the population as a whole. Sele

. . . %60l and is most appropriate when (1) the population

ing a representative sample, however, is often easier o . L .

said than done. For instance. classroom activitigan be divided into distinct strata, and (2) there is some
' ' feason to believe that the strata differ with regard to the

developed by Rouncefield and Holmes (1989) an aracteristic of interest. For example, Shiver and Bor-

Sg{gi\g;k;a(getf:tnal ﬁg?{g;nsgi::?r) gler?r(ljye”!gz-sders (1996) describe an “experiment” in which forest
y W ) N I ow v thanagers sought to estimate the potential harvest of

people tend to select “random” samples that are In__. . .
. conifer trees in a forested area. Since the forest was

fact distinctly non-random. It can be concluded, there-

fore, that there is a need to address sampling iss naéurally inided into two st_rataa 72-acre star_1d of
! - "t?ouglas fir and a 50-acre mixed stand of conifer and
in the statistics classroom. hardwood treesnd there was reason to believe that the
otential harvests in each stratum differed, the research-

To assist with obtaining representative data, Stat's@rz collected harvest samples from each and combined

cians have developed an array of techniques, the mg results to estimate the overall potential harvest. Like-

common being simple random sampling, stratified . e X .
. : wise, stratification plays an important role in the sur-
random sampling, cluster sampling and systema

i Unfortunatelv. the distinct bet QI%ys of the United States Bureau of Labor Statistics
sampiing. Unlortunately, the diStnclions bEWeehs -0 et al. 1990). The data used to calculate the

these techniques are often lost on students. Th Onsumer price index, for instance, are regional in na-

erformance in examinations indicates that they can . .
P y "%ure andtis necessary to account for numerous regional

Cﬁ/”;ﬂ;inrﬁiﬁjr?fazodjsggnsti?a?fr?'S'A,[‘Sgg'nq[gaigﬁiﬁerences, including geography, population size, per-
9 . . pop ! . gentage population increase, industrial descriptors, and
often identify an appropriate sampling techniqu

) X evels of urbanisation and ethnicity.
However, we contend that much of this behaviour is Y

immmry. Fundam_ental concept_ualquestlons, such 33 introduce stratified random sampling, we provide
Why were the different techniques developed angtu

what advantages does each offer?” for instance e dents with an unknown population (one contained in
. ) ' aper bag) and instruct them to use sampling tech-
often met with blank stares. In other words, we have bap 9) ping

. nigues to determine the population mean. In our course,
found that although students readily learn the m d Pop

hani ¢ i d h tten lack Shich is based on Moore and McCab@993) Intro-
chanics of sampling procedures, they often fac ar2:}'/uction to the Practice of Statisticgpdents first con-

gglnc;e;ptual understanding of the procedures therg'i'oler simple random sampling and its characteristics.
Ves. Subsequently, our presentation of stratified random sam-

ling builds upon this knowledge. In particular, students

In this paper, we offer an instructional approach t§ollect both simple and stratified random samples of

one of those procedures: stratified random sampllngi.Ze 4 and compare the resulting estimates of the popu-

S_pecn‘lcally, we have fognd that t.he foIIowm_g_ EXelation mean and empirical sampling distributions.
cise serves as a useful introduction to stratified ran-

dom sampling, helps students to develop a conceppg population, which is listed in table 1, consists of 40
tual understanding of the procedure, and facilitate$,ys (20 red and 20 black) each carrying a number with
discussion regarding the characteristics and usesf ,\era|l mean of 18. In reality, one could conduct the
the many sampling procedures. Moreover, the exeleyity with only ten cardone card for each number -
cise accomplishes these objectives in an intuitive Waiiher than 40 cards, as we use. However, if the former

so that it can be used effectively in even the mogly,,ach is used, then students can rightfully ask why
elementary statistics course.



one doesn't simply select the entire population as the

sample. Moreover, since samples are collected witBample Sample
out replacement, a smaller population is less likeljumber Mean
to yield extreme cases (all red cards, for instancg) 26 7 10 6 12.25
than a larger one. A population of 40 cards promis@s 10 26 9 6 12.75
to yield sufficiently diverse samples and encouragés 29 6 7 10 13
the use of sampling techniques (rather than a simple 6 8 9 29 13
census), yet is of a size that is easily manageabledn 6 9 8 30 13.25
the classroom. 6 9 8 7 29 13.25
7 7 7 30 9 13.25
X Frequency Card Colour 8 9 9 10 26 13.5
6 4 Red 9 9 8 8 30 13.75
7 4 Red 10 9 10 8 29 14
8 4 Red 11 10 9 29 9 14.25
9 4 Red 12 6 27 6 26 16.25
10 4 Red 13 7 7 26 27 16.75
26 4 Black 14 28 8 6 26 17
27 4 Black 15 7 6 29 26 17
28 4 Black 16 6 29 26 8 17.25
29 4 Black 17 9 6 26 29 17.5
30 4 Black 18 26 9 8 28 17.75
19 7 10 26 29 18
To begin the activity, students draw simple randor0 27 6 30 9 18
samples of size 4 and calculate the sample meaBs. 6 29 28 10 18.25
For example, the samples collected in a recent cldz 8 29 26 10 18.25
of 34 students and the corresponding sample me&% 6 8 30 30 18.5
are depicted in table 2 (the table is ordered by ttzd 26 9 30 10 18.75
sample mean). In the class itself, students’ data &8 8 11 28 30 19.25
quickly compiled into tables and graphs, and the&6 26 27 6 27 21.5
serve as the basis of whole-class discussion. AlthougH 30 26 27 6 22.25
we compiled students’ data manually, this task lenc8 8 26 29 28 22.75
itself to readily available technologies, such as 29 10 26 26 30 23
spreadsheet, statistics package or graphing calcub&- 29 6 30 27 23
tor. With regard to our class, for instance, an initiad1 28 9 30 26 23.25
inspection of the data revealed few trends. The sadi 27 26 30 10 23.25
ple means ranged from 12.25 to 24 and did not a3 30 10 29 26 23.75
pear (at least from the table) to be centered abou84 29 30 7 30 24
particular value. Additional information regarding thelable 2. Students’ simple random samples

underlying population can often be garnered fror
the sampling distribution. The students in ou
class,however, found that the distribution was unir
formative (see figure 1). Overall, the consensus (
the class was that the simple random samples p# -
vided little definitive information about the popula-
tion mean.

Fragquency

Subsequently, we inform students that the deck a
tually consists of two subpopulations: cards that ai
red and cards that are black. Although they are n
told that the subpopulations differ with regard to th
characteristic of interest (which, in this case, is th
numerical value of the card), students are informe O 112 1314 15 16 17 38 4% 0 7 22 23 28 8
that theymightdiffer and that proper sampling pro- L
cedures seek to account for potential differences.

Fig 1. A frequency histogram of the means of
students’ simple random samples



Fig 1.
A frequency histogram of the means of students
simple random samples

One such procedure involves selecting red aj
black cards so that the percentage of each in
sample mirrors their percentages in the populatic
In other words, students are introduced to stre ¥
fied random samples. Since the population consi
of 20 red and 20 black cards, students draw sé :
ples of size two from each subpopulation (whic YA 6 e 1315 as
we place in separate bags) and average the res

Frequengy

IO 2 O} o4 33

Sample Sample
Number Mean Fig2. A frequency histogram of the means of
1 6 7 27 28 17 . e
> g 9 26 27 175 students’ stratified samples
3 8 6 28 28 17.5
4 7 8 29 26 17.5 able than that for simple random sampling (see figure
> 9 9 26 26 17.5 2). The educational impact of the simulation, therefore,
6 6 9 29 27 17.75 is that students cambservethe potential increases in
7 8 10 26 27 17.75 precision that accompany stratified random sampling.
8 10 6 27 28 17.75
9 9 9 28 26 18
o6 8 28 30 18 DCONCLUSIONST
11 10 8 27 28 18.25 AND EXTENSIONS
12 10 7 28 29 18.5
13 9 9 27 29 18.5
14 8 9 29 29 18.75 In conclusion, we have found that simple simulation
15 9 10 28 29 19 exercises, such as the one described above, help stu-
dents to develop a greater appreciation for, and under-
Table 3. Students’ stratified samples standing of, commonly-used sampling techniques. In

particular, these exercises encourage students to attend

to two critical features of sampling procedures: the pre-

cision of the sample statistic and the variability of the
As it turns out, the subpopulations do differ with reresulting sampling distribution. Moreover, we have
gard to the characteristic of interest. That is, the rddund the approach (simulation) to be an extraordinar-
cards correspond to “small” numerical valuesily rich source of problems and investigations.
whereas the value of all black cards is large. Thus, as
data generated by the same class of students and od®-an example, the preceding exercise focuses on a
tained in table 3 demonstrate, stratified random sarpopulation in which there is an equal number of red and
ples promise to yield more precise estimates of thgack cards. In most real world situations, however, the
population mean than simple random samples. In tieimbers of individuals in each of the identifiable
class, fifteen stratified samples were drawn and, coaubpopulations differ. Thus, a natural extension of the
trary to the averages obtained through simple raititial exercise is to vary the percentages of red and black
dom sampling, the resulting averages were consisards in the population. Likewise, another extension is
ently “close” to the population average of 18 (whiclo ask what happens when the population can be strati-
is only revealed after students collect their stratifietied, but the subpopulations actually resemble one an-
samples and calculate the second estimate of th#er with regard to the characteristic of interest. A sim-
population mean). Moreover, the distribution of stratiple simulation reveals that stratified random sampling
fied sample means was, at least in this case, less vaid simple random sampling yield similar estimates in
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Fig3. A frequency histogram of the means of
500 stmulated stratified samples

this situation.

Lastly, the results of by-hand simulations can be

compared with those of computer or calculator simu
tion. For example, figure 3 displays the results of a
calculator simulation of 500 stratified samples. Notg
that the larger number of samples facilitates a finer
grain of analysis and is suggestive of the true samp
distribution for this situation. In general, large-scale
simulations can reveal the “true” differences betwesg
sampling technigues. Additionally, large-scale
simulations can lead to discussions of other importa
statistical concepts, such as the effect of sample siz
on the results and the asymptotic behaviour of emp
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