SAMPLI NG O STR BUTI ONS AND PCPULATI ONS
Dennis Roberts - Penn Sate

Qe of (nmany) the confusing points in statistics is the separation of the
concepts of the target parent popul ation and sanpling distributions that
result by sanpling from those parent populations. This short handout is
designed to show both the parent population and several sanpling
distributions (using varying n) that result.

Popul ation O stribution

Assune that we define a population that is normal wth a nean = 50 and a
standard deviation = 10. In nornal distributions, you usually can go about 3
standard deviation units on both sides of the nean. So, wth a nean of 50 and
a standard deviation of 10, scores IN THE PCPULATI ON woul d range from about
20 to 80. | have simul ated what such a distribution would | ook |ike and have
"dotplotted" it bel ow
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MB > desc cl
N MEAN MEO AN  TRVEAN STt SBVEAN
pop 1000 49.798 49.908 49.853 10.245 0.324
M N MAX Q S
pop 13.248 90.664 42.928 56. 755

Note that the simulated distribution (based on 1000 cases) does not have a
nean exactly equal to 50 nor a standard deviation exactly equal to 10; but,
they are fairly close. PLEASE NOlE TH S DOPLOIN REPRESENTS HOVTHE (R G NAL
DATA PONTS |IN THE PARENT PCPULATIAN VLD VARY AROUND THE TRUE PCPULATI ON
MEAN THSISTHE DOSIRBUITON GF X VALUES ... (R @ NAL DATA PO NIS

Sanpling D stributions

Now what if you wanted to take sanples of varying sizes from this
popul ati on, and then examne the sanpling distribution of neans in each case?
Let's say that we take 200 sanpl es, at random fromthis popul ati on where ...



we first start with sanple sizes of n = 64 and then do the sane thing using
(different) sanple sizes of 49, 36, 25, 16, 9, 4 and ... yes ... even n = 1.
In case, we would be producing a sanpling distribution of neans based on
varying n's.

In the first case, we take 200 sanples each tine of n = 64 and then exam ne
the distribution of the 200 sanpl e neans. Theoretically, using the standard
error of the mean formila, the standard deviation of this sanpling
distribution of neans shoul d be approxi natel y equal to:

For the case where n = 64, and the popul ati on standard deviation is about 10,
this standard error should be about 10 / 8 = 1.25. Sanple neans <soul d
average to about 50 in the long run wth a standard deviation of about 1.25.
The value of 1.25 is the standard error.

If we takes sanples of n = 49, then the standard error of the nean shoul d be
about 10/ 7 = 1.43.

The tabl e bel ow shows what the approxi mate standard errors of the nean shoul d
be given a signa = 10 and varyi ng n cases.

Sanpl e S ze Sandard Eror
64 1.25
49 1.43
36 1.67
25 2.00
16 2.50
9 3.33
4 5.00
1 10. 00

To show how the sanpling distributions of MEANS conpare to the original
parent popul ation of SOORES | have nade dotplots of, first, the similated
parent popul ation, and then each sanpling distribution of neans starting wth
n =64 and noving down to n = 1. NOTE For conparison purposes, you Wl have
to flip down to the last dotplot to see the actual baseline scal e.

MB > dotp cl c65-c72;
S BC sane.
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Wen n = 64, the neans from random sanples fit conpactly around the

popul ation nean value of 50, and the low and high neans in this sanpling
distribution are only about 3 points below and above 50. That is, when n =
64, it is highly unlikely that any sanple nean wll be nore than about 3
score points away from the population nean. Pl ease note that the n = 64
distribution is a distribution of neans, not original score values. Think
about how the sanpling distribution of neans fits into the parent popul ation
distribution of scores. The parent popul ation has 1000 cases, but each
sanpling distribution has only 200 cases. So, the sanpling distributions in
these simul ations are snal | er "vol une" distributions.

If you work your way down through the dotplots for sanple sizes fromn = 64
ton =4, you notice clearly that as the sanple size gets snmaller, the wdth
of the sanpling distribution gets larger and larger. That is, the range of
the possibl e sanpl e nean val ues gets larger and larger as the n gets snaller
and snaller. Al this indicates is that there is nore sanpling error when



random sanpl es are snaller; i.e., there can be higger gaps between the true
popul ati on nean and any gi ven sanpl e nean, as n gets snall er.

Sanpling Dstributions for n =1

Fnally, you should see that the last sanpling distribution is the case where
n =1 Wat about this situation? WlI, if you take sanples of n = 1, you
wll eventually get in the sanples you select each and every one of the
original nunbers or scores that existed in the target parent popul ation. o,
if that is the case, the nean of an n = 1 sanple IS that value, and
therefore, the neans fromn = 1 sanples wll eventually range across the
entire spectrum of the population score values. In effect, the sanpling
distribution of neans when n = 1 is exactly like the parent population. In
this case, the standard error of the nean is identical to the actual standard
deviation in the popul ation. Wenever sanple sizes are larger than 1, the
standard error of the nean wll be less than the population standard
devi ati on.

Satistics on Sanpling D stributions

Below | have listed the descriptive statistics on the dotplots above. Note
that as sanple sizes decrease, the standard deviations (which are the
standard errors of the neans for these sinulations) get |arger and | arger and
get closer to the value of 10, which is the popul ati on standard devi ati on.
Note that these values are fairly close to the theoretical ones show in the
previous table.

MB > desc c65-c72
N MEAN MEO AN TRVEAN SICEV = San err

n=64 200 49.983 49.912 49.979  1.221

n=49 200 49.886 49.940 49.881 1.341

n=36 200 49.938 50.007 49.933  1.622

n=25 200 49.750 49.855 49.756  1.950

n=16 200 49.692 49.684 49.672  2.422

n=9 200 50.163 50.280 50.165  3.277

n=4 200 50.077 50.159 50.127  4.887

n=1 200 49.320 49.443 49.315  9.750
MN MAX Q G

n=64 46.521 52.947 49.100 50.816

n=49 46.118 54.646 48.941 50.756

n=36 46.296 54.443 48.615 50.938

n=25 44.219 55.658 48.518 51.083

n=16 42.466 57.121 47.872 51.100



n=9 42.075 58.450 47.738 52.482

n=4 37.540 63.165 46.898 53.376
n=1 20.411 74.146 42.473 55.583
S0, what do we learn fromthis? FHrst of all, it is inportant to realize that

we are examning TVO distributions; the popul ation distribution of SOORES and
the sanpling distribution of MEANS As can be seen wth the dotplots, the
sanpling distribution of neans sits inside of the population distribution.
Wil e we can use the sane baseline to place both distributions on, we need to
keep in mnd that the nunbers along the baseline refer to nean val ues when
looking at the sanpling distribution, and to score val ues when | ooking at the
popul ati on distribution.

Aso, it is helpful to think about the wdths of the sanpling distributions
of neans as being sone function of the population standard deviation. The
worst case scenario would be if sanple neans vary as nmuch as the actual
scores in the popul ation. Therefore, we could | ook at sanpling error in |ight
of how big the standard error of the nean conpares to the actual popul ation
standard deviation. For exanple, when n = 100, then the sanpling distribution
has a wdth approxinmately equal to S over 10, or ... a standard error of the
nean that is about 1/10 the size of the popul ation standard deviation. For n
= 25, the standard error of the nean is now about S over 5 or about 1/5 the
size of the popul ation standard deviation. Cbviously, as n gets snaller, the
standard deviation of the sanpling distribution gets proportionately closer
to the size of the actual standard deviation of the population. Q, in
reverse, the larger the randomsanple, the snaller is the proportion of the
standard error conpared to the overall standard deviation of the popul ation
of scores. It would tend to nake sense to assune that our goal would be to
sel ect a sanple size that produces a sanpling distribution of neans that is
substantially narrower than the full popul ati on.
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