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Key passages

6. THE PROBLEM OF SAMPLING IN EDUCATIONAL RESEARCH

We have already noted that many of the populations with which
we are concerned in educational research are such that it is highly
impracticable to draw truly random samples from them. Suppose,
for example, that we wished to draw a sample of ;oo pupils from
all pupils in the eighth grades of Iowa public schools. As was
noted before in a similar illustration, if we were to select a random
sample of pupils from this population we would have to give every
eighth-grade pupil in every school an equal chance to be selected.
If we were to do this, we might find that the sco pupils finally
selected would be widely scattered over the whole state in several
hundred different schools, and would therefore, for all practical
purposes, be inaccessible for measurement, observation, or ex-
perimentation. What we would actually do, therefore, would be
to secure the co-operation of, say, 1o schools, which together could
provide sco eighth-grade pupils. We might be able to select the
schools at random from all schools, but usually even this would be
impracticable. In general, the best we could do would be to pre-
pare a list of schools which we know in advance might be willing
to co-operate in our investigation, and then select 1o schools at
random from this list. If then we have no reason to suppose that
the schools in our list differ systematically from the other schools
in the state with reference to the characteristic(s) we are investi-
gating, we might be justified in considering our sample of 10
schools as equivalent to a random selection from all schools in the
state. Even so, we could nof consider our seo pupils as equivalent
to a random selection from all pupils in the state.

The reasons for this is that the pupils in different schools show
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large systematic differences in almost any trait that may be the
subject of a research investigation. The pupils in one school may
have had the advantage of a long succession of superior teachers
in the preceding grades, while those in another may have had con-
sistently incompetent teachers under poor supervision. The pu-
pils in one school may come from a high-class residential section of
the community, a section made up of professional and successful
business men, while those in another may have come from an im-
poverished and underprivileged section made up largely of illiter-
ate day laborers of recent foreign extraction. Large differences,
particularly in educational achievement, are frequently found even
between schools that apparently have much the same external ad-
vantages. It is almost a commonplace, to those familiar with the
results of wide-scale testing programs, that differences in mean
achievement from school to school, regardless of the size of school,
are of almost the same order of magnitude as differences in indi-
vidual pupil achievement in a single school. The student is per-
haps already familiar with much of the almost overwhelming mass
of evidence on this point, but it might be worth while to consider
here one representative bit of this evidence. The State Univer-
sity of Iowa annually conducts a state-wide end-of-the-year
achievement testing program which involves the administration of
objective tests of school achievement to over 50,cco pupils in sev-
eral hundred high schools. In the 1935 program, an objective test
of achievement in English correctness was administered to all
ninth-grade pupils in 274 schools. For the 24 largest schools,
each of which tested over roo ninth-grade pupils, the total distri-
bution of pupil scores is given in Table 1 at the left, while the
distribution of mean scores in these schools is given at the right.
Had the pupils in each school constituted a random sample from
the pupils in all these schools, we should, according to sampling
theory, expect the standard deviation of the distribution of means
to be less than 31.54/4/100 = 3.15, 31.54 being the standard devi-
ation of the total pupil distribution, and roo the minimum number
of cases in any sample. Actually, however, we see that the stand-
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TABLE 1
DISTRIBUTIONS OF INDIVIDUAL aND MEAN SCORES oF NINTH-GRADE
PuriLs o THE 1935 Iowa EveEry-PuriL TEsT v ExgLisE Cox-
RECTINESS FOR 24 SCHOOLS

(Each school tested over roo ninth-grade pupils)

Pupil Scores School Means
Scores Frequency Means Frequency
17o-180 3 oI.0=04.40 I
16e-1069 Io 8r.5-00.00
150150 15 84.0-87.40
140-140 3o 8e.5-83.00
I30-139 43 77.0~B0.49
120-120 by 73:.5-70.99 I
110-110 B4 70.0=73.40 I
100100 112 66, 5~00.00
oo~ 00 146 63.0-G6.40 3
80— 8o 188 50.5-02.00 2
To- 70 266 50.0-50.49 2
6o~ 69 335 52.5-55.99 2
50 59 304 40.0=52.40 I
4o 49 553 45-3-48.09 4
3o 39 334 42.0-45.40 5
20— 20 508 38.5-2L.00 I
io- 19 263 35-0-38.40

o Q 75 31.5734.00
28.0-311.40 I
N 3046 N 24
M 54.08 M 54.58
&D. 31.54 g.D. 13.20

ard deviation of school means is 13.29, or more than 4 times as
large as would be expected on the hypothesis of random sampling.

In consideration of these much-larger-than-chance differences
between schools, let us consider further our illustrative sample of
soo pupils of Iowa eighth-grade pupils. It is very obvious that
had all of these pupils come from a single school, the sample would
represent a very poor basis for generalization about the popula-
tion, particularly in contrast to a truly random sample of equal
size. In the random sample, hundreds of different schools would
be represented, in the sample just considered only one is repre-
sented — and that might be one of the schools in which the level of
achievement is very hign, or it might be one in which the level is
very low. It should be equally evident that a sample in which
only 1o schools are represented is neither as good as nor equivalent
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to a random sample of 500 cases from the population at large.
With so few schools involved, the danger is appreciable that we
might by chance have selected 10 good schools, or 10 poor ones, or
that most of the schools used are good schools or poor ones. If
then, we were to use the standard-error-of-the-mean formula with
this sample, substituting soo for #, we would very seriously exag-
gerate the reliability of the mean. In spite of the fact that it
contains 500 pupils, this sample must be considered as a very
“small” sample — a sample of only fen schools — and in order to
evaluate any estimate derived from it we must have a sampling
theory appropriate for small samples.

In general, then, many of the samples employed in educational
research consist of a small number of intact groups (such as classes
in the same or different schools, groups of pupils in separate build-
ings in the same system, or groups of pupils from different com-
munities or geographical regions), or of a small number of sub-
samples selected from different ““strata’ in the population (in the
case of controlled samples). In all such cases, the “size’ of the
sample is dependent, not upon the number of individual observa-
tions, but upon the number of intact groups or subsamples of
which the total sample is constituted. In other words, the uni! of
sampling in educational research is often the class, the school, or
the community, rather than the pupil. It is for this reason that
the need is so great in educational research for a special small
sample theory, and that this text is in so large part devoted to an
exposition of this theory.

7. THE TECHNIQUE OF RANDOM SELECTION

It is a fact of extreme practical significance that all mathemat-
ical sampling theory is based finally on the assumption of random
selection, and that any application of this theory is valid only to the
degree that the samples employed have been so selected. We may
note at once, however, that random sel:ction does not always
mean simple random sampling. We have seen, for instance, that
controlled samples or matched samples are not simple random




TEE TECENIQUE OF RANDOM SELECTION 25

samples, but that they may involve random selection, and that it
is therefore sometimes possible to deduce the sampling distribu-
tions for estimates obtained from such samples. Simple random
sampling is often impracticable in educational research, but it is
nearly always possible to plan our investigations and experiments
so as to provide for random selection, and thus to utilize sampling
theory in interpreting our results. Since those interpretations will
be valid only to the degree that the selection was actually random,
it is obviously important that the student be provided with a tech-
nique that will énsure random selection, in so far as that is possible.

In many of the instances in which random se:ection is necessary
in educational research, the selection is made from a relatively
small number of cases. This is particularly true in experimental
work. For example, in each of the schools involved in a methods
experiment, we may wish to divide the seventh-grade pupils at ran-
dom into two or more equal groups to be taught by different meth-
ods, or we may wish to assign the classes (as already organized) at
random to the different methods. Again, we may divide the
available pupils into levels of intelligence, and within each level
assign the pupils at random to the experimental treatments.

One method of making random selections in situations of this
kind may be described as the “lottery’ method. For example, if
we wished to split a group of 3o pupils at random into 3 groups of
1c each, we could prepare 3o cards or slips of paper on each of
which is written the name of one pupil, shufile or mix these cards
very thoroughly, and then “deal” or draw blindly 3 sets of 1o
cards each. This is a troublesome procedure, however, and intro-
duces the danger of bias through improper mixing or drawing of
the cards.

A more certain and more convenient procedure is to make use of
a table of “random numbers.” For the convenience of the stu-
dent, a part of one such table is reproduced in the Appendix (Ta-
ble 18). The manner in which the original table was constructed
is described on page 18 of Statistical Tables for Biological, Agri-
cwltural and Medical Research, by R. A. Fisher and F. Yates
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(Oliver & Boyd, London, 1938). It is sufficient to say here that
the digits in this table were so selected that any digit from o to
¢ had an equal chance to appear in any given position in the table.
The manner in which this table may be used should be made clear
by the following illustrations.

Mlustration No. 1: To assign 5 classes ai random one to each of 5 ex-
perimental treatments.

Number the classes and the treatments separately from 1 to s
in any order whatever. Select any point at haphazard in the table
of random numbers. Reading in any direction from this point
(right to left, bottom to top, diagonally, etc.) read the first five
umitke two digit numbers (skipping any that may previously have
been read) from the table. Assign the first of these numbers to
class 1, the second to class 2, etc. The class with the highest ran-
dom number will then be assigned to treatment 1, that with the
second highest to treatment 2, etc.

Suppose, for example, that the first number selected haphaz-
ardly is that in the 14th row and the 4th double column on the first
page of Table 18. Reading to the right from this point, the
first five unlike two-digit numbers are 19, 95, 50, 92 and 26. The
second class would therefore be assigned to treatment 1, the fourth
to treatment 2, the third to treatment 3, etc.

The “starting point™ in the table should be determined before
looking at any number in the table. In the preceding case, for in-
stance, the decision to begin with “the 14th row in the 4th col-
umn on the first page of the table” should be made before looking
in the table. Otherwisc one might, without being fully conscious
of the fact, begin with o large number, and thus in effect deliber-
ately insure that class 1 will receive treatment 1, or otherwise bias
the selection. Furthermore, once having selected the starting-
point and direction, no peculiarity in the numbers read should be
permitted to cause one to discard the results and start anew at
another point.




TrE TECEMIQUE OF RANDOM SELECTION 27

Tlustration No. 2: To select 20 pupils at random from 62 available
pupils.

Number the pupils from co to 61 in any order whatever. Turn
to the table, and from any point and in any direction read the first
20 two-digit numbers that are less than 62, skipping any number
previously read. For example, beginning in the r1th row of the
sth column on the first page of Table 18 and reading downward,
the first 20 unlike numbers below 62 are 46, 12, 13, 35, 43, 53,
01, 24, 59, 06, 20, 38, 47, 14, 11, oo, o, 23, 19, and 53. The
pupils who had previously been assigned these numbers would
then be the 2o required. If these numbers are checked off in the
original list of numbered pupils as they are read from the table,
there will be no difficulty in avoiding duplications.

If the selection is made from more than gg cases, we must read
three- or four-digit numbers from the table, as the case may be.
These may be secured by combining columns in the table. Sup-
pose, for instance, we wish to select 135 schools at random from the
418 high schools in a given state. We would first number all
schools from cco to 417 in any order whatever. We would then
combine, say, the 7th double column (on the first page of Table
18) with the first half of the next column to the right, to secure
a “column” of three-digit numbers. Reading upwards from the
bottom of this “column,” the first 15 unlike numbers less than 418
are 044, 416, 377, 358, ob1, 057, 389, 325, 001, 373, 299, 278, 271,
332, and 395. The schools previously assigned these numbers
would then constitute our sample of 15. If the total number from
* which the selection is to be made is a number like 160, for example,
considerable “hunting’ would be required in the table to find
three-digit numbers less than this value. A more convenient
procedure in such cases is explained by the following example.

Suppose that we wished to select 5 cases at random from 120
available cases, numbered from o to 119 in any order whatever.
We would first observe that 120 is contained in ggg eight times, or
that 8 X 120 = gbo is the largest multiple of 120 which is con-
tained in gg9. We would then select random numbers less than
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gbo from a three-digit column of the table, and divide each by 8,
dropping any remainder. The first five unlike guotients would
then be the numbers of the cases selected. Suppose, for instance,
that we begin at a point in the table in which the following three-
digit numbers appear in the order given below.

Random Numbers Quotients

502 0
813 I0I
g8z

322 40
057 7
815 1ol
723 oo

The cases numbered 7o, 101, 40, 7, and go would then constitute
our random sample of 5.

Tlustration No. 3: To Split a Group at Random into a Number of
Egqual Groups

The problem of splitting a group at random into a number of
equal groups would simply involve an extension of the procedure
just described. Suppose we wish to select 3 random groups of 20
each from 62 available pupils. We would first draw one sample
of 20 in the manner already illustrated. We would then continue
reading from the table until we had 20 more numbers (not previ-
ously read) that are less than 62. The pupils with these numbers
would constitute the second group. We would then continue as
before to get fwo more numbers (not previously read) less than 62.
The pupils with these numbers would be discarded, the remaining
zo pupils would constitute the third group. If, again, the numbers
in the original list were checked off as read, there would be no
difficulty in avoiding duplications.

Other methods of employing tables of random numbers may be
found described in the directions accompanying those tables.* The

* See the aforementioned tables by Fisher and Yates, or Tracts for Compulers,
No. 15, Random Sampling Numbers, by L. H. C. Tippett. =
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methods here described, however, will be adequate for most situa-
tions met in educational research.

It may be worth while to point out here the possible defects in a
certain method of sampling (of pupils) that has been frequently
employed in educational research — the practice of making the
selection schematically from a list in which the pupils’ names have
been arranged in alphabetical order. For example, we might take
every 6th name in an alphabetical list of 95 names to secure a
sample of 15, or if we wished to split the group into two equal
groups, we might do so by selecting alternate names from the
list. A selection of this kind should be free from bias (unless the
selection is made from only part of the list), so far as measures of
central tendency are concerned, but it may nevertheless not be the
equivalent of a random selection. This is because of the possibil-
ity that alphabetized lists may be “stratified,” since pupils with
the same last name (or names beginning with the same letter) may
be related, or of the same nationality, or otherwise more nearly
alike than pupils selected at random. In general, particularly
since it involves so little trouble, there is no excuse for failing to use
the “random numbers” type of selection in situations of the type
described.
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