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Computer-Assisted Random Sampling 

RICHARD M. WEED 

ABSTRACT 

Many state transportation agencies use statistical quality assurance specif ica
tions to govern construction work. A vital step in the application of these and 
other types of specifications is the selection of random samples to obtain a 
valid estimate of the quality received. Random-sampling procedures are often 
tedious and time consuming but can be considerably simplified with computer 
assistance, either by using special forms generated by computer or by working 
directly at an interactive terminal. Examples of several applications are pre
sented, 

Of the various theoretical conditions on which sta
tistical acceptance procedures are based, the as
sumption of random sampling is one of the most im
portant. Only when all vestiges of personal bias are 
removed can the laws of statistical probability be 
relied on to function properly. 

Random sampling is often defined as a manner of 
sampling that allows every member of the population 
(lot) to have an equal opportunity of appearing in 
the sample. This condition holds in the case of 
stratified random sampling for which the lot is di
vided into as inany equal-sized sublets (strata) as 
there are samples to be drawn. A single random sam
ple is then obtained from each sublet. 

A more fundamental method of random sampling, 
sometimes called simple random sampling, allows 
every possible subset of the required sample size to 
have an equal chance of being selected. This is a 
less restrictive definition but it has some practi
cal drawbacks that will be discussed shortly. 

A variation of conventional stratified random 
sampling, discrete stratified random sampling, has 
also been found to be useful. With this type of sam
pling, discrete units (such as truck,loads of mate
rial) are divided into subgroups and a random sample 
is chosen from each. Examples of this approach will 
also be given. 

SIMPLE RANDOM SAMPLING 

The least restrictive definition of random sampling 
is that of simple random sampling <ll for which all 
possible subsets of the required number of sample 
units are equally likely to be selected. However, a 
drawback of this type of sampling is that the sample 

locations occasionally tend to be clustered. For ex
ample, if a quarter mile of pavement were defined as 
a lot from which five thickness cores were to be ob
tained, it would be possible with simple random sam
pling for all five cores to be located in the first 
100 ft of pavement. Although this sample would be 
statistically valid, neither the highway agency nor 
the contractor would believe that it adequately rep
resented the lot. As a result, most agencies employ 
stratified random plans that force the sample loca
tions to be spread more uniformly throughout the 
work. 

STRATIFIED RANDOM SAMPLING 

Stratified sampling plans for highway construction 
items are designed to avoid the clustering problem 
and tend to be quite similar. First, most plans di
vide the lot into equal-sized sublots on the basis 
of area, weight, or other appropriate measure. Then, 
within each sublot, provisions are made to ,select a 
single random sample. A typical example of this ap
proach is shown in Figure 1. The uniform random num
bers between 0 and 1 are obtained from standard 
tables or may be generated by computer. 

In practice, some agencies carry this method one 
step further. In sampling bituminous concrete, for 
example, it may be more convenient to sample di
rectly from the appropriate trucks than to wait un
til after the material has been placed. In this 
case, the random locations in Figure 1 are used to 
determine which trucks are to be sampled. This is 
normally done in advance on the basis of known total 
quantities and truck capacities. 
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<NUMERALS 1 - 5 INDICATE SAMPLING LOCATIONS) 

1000' 1000' 1000' 1000' 1000' 
+-----------+-----------+-----------+-----------+-----------, 
: 1 I S 

y 13 
21 4 ' ' ' ' 0 +-----------+-----------+-----------+-----------+-----------+ 

0 ----------------------------------------------------- 5000' 
x 

DETERMINATION OF RANDOM X COORDINATES 

ADDITION TERM 
SAMPLE RANDOM MULTI PLICATION TERM (CUM ULA TI VE LENGTH 
NUMBER NUMBER CSUBLOT LENGTH) TO THIS SUBLOTl x 

------------------- ------------------
0.603 >: 1000 + 0 603 

2 0.992 ){ 1000 + 1000 1992 

3 0.086 N 1000 + 2000 2086 

4 0.214 N 1000 + 3000 3214 

5 0.551 >( 1000 + 4000 4~~1 

DETERMINATION OF RANDOM Y COORDINATES 

SAMPLE 
NUMBER 

2 

3 

4 

5 

RANDOM 
NUMBER 

0.750 

0.286 

0.542 

0.001 

0.877 

HUL TI PLICATION TERM 
<PAVEMENT WIDTH> y 

-------------------
x 24 18 

x 24 7 

H 24 . 13 

>t 24 2 

H 24 "' 21 

FIGURE 1 Basic stratified random-sampling procedure applied to highway pavement. 

This procedure has a minor flaw that can become 
more pronounced when the total lot size is small. If 
the random-sampling locations for two successive 
sublets both happen to fall close to the boundary 
separating the sublets, as in the case of samples 2 
and 3 in Figure 1, they may both occur within the 
same truckload of material. When this happens, it is 
theoretically correct to take two samples from the 
same truck. However, because the material within a 
single truck is believed to be relatively homoge
neous, this would provide little additional informa
tion about the quality of the lot. Consequently, 
most highway agencies require an alternate approach 
such as sampling the truck immediately preceding or 
following the truck that would have been double sam
pled. A provision such as this is a slight departure 
from truly random sampling but is considered by most 
practitioners to have little effect on the resultant 
quality estimates. However, it is possible to devise 
a truly random method for sampling directly from 
trucks as described in the next section. 

DISCRETE STRATIFIED RANDOM SAMPLING 

The stratified sampling plans just discussed divide 
the total quantity of the product into an appropri
ate number of equal-sized sublets and require that a 
single random sample be obtained from each. Not only 
is it desirable to develop an equivalent procedure 

for products that are measured in discrete units 
but, in many cases, such a procedure will prove to 
be useful for continuous products that are produced 
or delivered in discrete units such as batches or 
truckloads. 

The objective is to develop a discrete stratified 
plan that performs like the continuous stratified 
plans (i.e., a plan that spreads the samples 
throughout the discrete population while allowing 
each member of the population an equal opportunity 
of being included in the sample). This is a simple 
task whenever the sublot size divides into the total 
lot an integral number of times but, unfortunately, 
this usually is not the case. For example, if 12 
truckloads of concrete were scheduled for a particu
lar structure and a sample size of six were desired, 
it would be a simple matter to randomly sample one 
of every two trucks arriving at the job site. How
ever, if the scheduled number of trucks were 11, 13, 
or some other number not exactly divisible by six, 
the solution would be somewhat more involved. 

The development of a method to achieve the de
s ired result was published recently (~). Subse
quently, a number of modifications were made to 
improve the computational efficiency of the proce
dure. The most recent version is shown in Figures 2 
and 3, which, for actual use, are printed back to 
back on single sheets of paper. This avoids the need 
for a separate table of random numbers and provides 
single-sheet documentation of the random selection 
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ROUTE ------ SECTION ------- DATE ----'----=---- LOT ------

DESCRIPTION _g.J!.~.!1 Pl;§_!_ __ ?_?__T/f_~t_s_ft.E_f_Q'Y_qr;ff_q_§ff!f!!_fd~.£/] 

LOT SIZE ~ _l~- TRUCKS <HAXIHUH SO> 

SAHPLE SIZE = 6 <IF LDT SIZE IS LESS THAN DR EQUAL TO 
SIX• OHIT RANDOH SELECTION PROCEDURE 
AND SAHPLE ALL TRUCKS IN LOT,) 

RANDOH STARTING 
VALUE LESS THAN 
OR EQUAL TO LOT 
SIZE 

ADD 
TRUCKS TO BE SAHPLED 

PREVIOUS 
SUBGROUP SIZE RANDOH NUHBERS SUH OF PREVIOUS TWO 

COLUHNS -- SUBTRACT 
LOT SIZE FROH VALUES 

TO PREVIOUS LESS THAN 
SU8GROUF' ENTRY TO GET DR EQUAL TO 

SIZE NEXT ENTRY SUBGROUP SIZE EXCEEDING LOT SIZE -------- ------------ ---------------
_3_ - - > 17 

_3_ 20 
_4-_ Z3 
_ 4-_ -~Z 
_4_ 3/ 

_4-_ 35 

LOT LOT 

2 

3 

"" _? _ 
2 
3 

'" -·--------------
23 - 2 z = I 
----------------
27 - 2 z = ~ -----------------
.E.'!._:_§._~-~---7-
33 - z.z = II ----------·---------
}_~_:_?_~_:__ _{§_ 

LOT 
SIZE SUBGROUPING SIZE SUBGROUPING SIZE SUBGROUF'ING 

----------- ----------- ----------
21 3 3 3 4 4 4 36 6 6 6 6 6 6 

7 1 1 1 1 2 (22 3 3 4 4 · 4 4) 37 6 6 6 6 6 7 
8 1 1 1 1 2 2 23 3 4 4 4 4 4 38 6 6 6 6 7 7 
9 1 1 1 2 2 2 24 4 4 4 4 4 4 39 6 6 6 7 7 7 

10 1 1 2 2 2 2 25 4 4 4 4 4 s 40 6 6 7 7 7 7 

11 2 2 2 2 2 26 4 4 4 4 s 5 41 6 7 7 7 7 7 
12 2 2 2 2 2 2 27 4 4 4 5 s 5 42 7 7 7 7 7 7 
13 2 2 2 2 2 3 28 4 4 5 5 5 s 43 7 7 7 7 7 e 
14 2 2 2 2 3 3 29 4 5 5 5 5 5 44 7 7 7 7 e e 
15 2 2 2 3 3 3 30 s 5 s s s 5 45 7 7 7 8 e e 

16 2 2 3 3 3 3 31 s s 5 5 s 6 46 7 7 e 8 e e 
17 2 3 3 3 3 3 32 s 5 s s 6 6 47 7 e e e e e 
18 3 3 3 3 3 3 33 s 5 s 6 6 6 48 B B e B e e 
19 3 3 3 3 3 4 34 5 s 6 6 6 6 49 B 8 8 B e 9 
20 3 3 3 3 4 4 35 s 6 6 6 6 6 50 B e e 8 9 9 

FIGURE 2 Typical worksheet outlining steps for selecting stratified random sample of six 
items from a discrete population of as many as 50 items. 

process for each lot. The worksheet is essentially 
self-explanatory and can be completed in only a min
ute or two without the use of a hand calculator. 

Selections from the random number tables are made 
manually and must be done in such a way that no ob
vious bias is introduced. A procedure frequently 
suggested for tables of this type is to gaze 
obliquely away from the page while touching the 
point of a pencil to the body of the table. The 
number touched by the tip of the pencil becomes the 
random selection. It is believed that this method is 
sufficiently random for most practical purposes al
though, if necessary, more sophisticated procedures 
can be devised. 

The worksheet presented in Figures 2 and 3 is 
designed to select a stratified random sample of six 
items from a population of as many as 50 items and 
was developed for use with New Jersey's statistical 
specification for portland cement concrete. Figures 
4 and 5 show another procedure designed to select a 
samp~e of five from a population of as many as 100 

items. Other plans for different sample sizes or 
maximum population sizes can be patterned after 
these examples. 

OTHER STRATIFIED RANDOM SAMPLING APPLICATIONS 

Using this same general approach, it is a simple 
matter to construct worksheets for various other 
sampling applications. For example, if it were de
sired to base the sampling procedure in Figure 4 
directly on tonnage rather than discrete truckloads, 
the procedure shown in Figure 6 could be used. With 
this procedure, the stratification and sampling lo
cations are computed on the basis of tonnage and 
then converted to truck locations as the final step. 
However, this procedure does have one limitation. 
Whereas the procedure in Figure 4 can accommodate 
any lot size up to 100 trucks, the procedure in Fig
ure 6 is suitable only for a lot size of 1,500 tons. 

Figures 7 and ·a show still another procedure de-



46 40 3? 38 
.12 41 ' 5 

9 ? 11 4• 15 26 42 24 11 2? 
16 42 lO 3? 2 SO 23 31 20 31 
45 21 32 lS I 24 44 23 36 6 
25 34 2S 4 49 6. I 19 31 38 
42 31 35 46 33 13· 24 35 31 47 
25 13 44 23 29 30 44 1 34 34 
25 1• 31 23 6 42 41 29 41 1 
21 11 4? 3 33 31 ·JS 21 ' 46 
48 49 42 13 32 3? 3• 49 22 4? 
41 41 26~44 22. 3 16 45 I 

44 34 18 46 32 14 47 5 26 3 3? 33 
10 40 1S 48 14 6 
10 16 4• 33 42 29 
13 4S 20 20 21 1? 
36 21 31 3? 34 29 
39 2S 11 39 10 33 
1S 3 17 5 49 1 
41 30 24 16 30 26 
4S 2? S 33 42 47 
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3 2? 1 1B 
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4 50 11 26 
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2? 21 ' 39 
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46 34 4 lO 

9 44 42 23 21 16 
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40 11 3:; 8 
24 1 19 19 

7 so 41 :?1 
35 6 28 26 
:?5 25 36 43 
38 40 23 46 

48 40 s 5 1'1 36 23 44 38 
14 39 18 21 38. 6 40 1 41 
19 32 33 27 26 29 33 15 14 2:? 
24 18 32 16 17 48 12 10 30 24 

7 50 4 27 35 3? :?O 26 2 16 

s 21 6 45 l• 21 
45 41 SO 2S 6 4? 
1S 21 25 lO 21 I 
15 19 40 46 22 4 
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1 31 2 9 48 18 
43 11 32 50 2J 1? 
19 2 12 24 :?7 14 
43 ·12 2 49 9 6 
14 36 4 13 32 3 
37 44 12 5 46 11 

3 22 22 13 
9 36 20 17 
1 28 30 36 

~~ ~s 2 9 
31 8 15 13 

::? 1 4 1 
3 ? 7 1 
4 8 4 6 
I B :! 2 
4 7 7 1 
1 8 4 9 
4 5 4 8 
6 7 ~ ::? 

6 3 ? 5 3 4 9 2 
7 5 s 5 3 3 4 1 1 
3 3 7 6 1 2 6 4 3 
9 ' 5 1 8 3 3 1 7 
1 2 4 2 5 2 5 6 6 
5 ::? 6 :? 7 4 4 ' 1 

28415862 
5 4 4 4 1 9 1 9 3 

3 3 5 3 3 9 ·9 
7 7 3 6 2 8 9 
5S85741 
1 a e e 7 8 5 
3 7 4 8 8 6 6 
•916674 
6 9 6 a ' 5 e 
? 2 9 3 1 7 3 

3 6 2 4 Ill 
5 9 6 6 2 
8 2 4 5 3 
" 9 6 2 9 
1 4 4 9 6 
a 2 3 3 4 
1 1 ? s 1 
6 6 8 2 5 

6 9 8 5 5 " 9 s 6 3 2 ::? 3 4 7 3 5 2 1 2 4 8 
1 3 8 8 1 8 1 9 8 s 5 ? 6 3 4 5 5 4 3 3 2 2 
6 3 7 3 5 2 4 9 5 8 7 9 5 8 3 9 8 4 7 9 5 7 
& 8 5 2 1 6 4 6 9 3 6 9 8 6 5 2 7 3 4 3 3 9 
4 6 3 4 7 9 8 2 4 4 6 1 8 ~ 9 8 7 6 5 2 7 6 
3 5 1 6 5 1 6 8 7 5 6 5 7~4 7 9 7 6 2 6 9 
6 1 5 6 7 3 4 1 ::? 5 9 1 9"i"'2 2 4 8 7 9 8 1 
1 6 8 2 6 8 1 8 5 1 5 7 7 3 8 8 9 2 7 1 4 2 

9 4 5 
6 8 ? 
4 6 2 
6 5 9 

' 1 1 
2 6 1 
4 3 9 

2 8 ' 

3 8 
6 ? 
? 5 
.. 5 
4 3 
5 8 
7 5 
3 s 

S 9 6 5 I 

; ~ ;~; 
1 .. s'if'9 
7 5 3 1 7 
9 5 6 2 7 
9 9 3 3 I 
2 6 6 3 6 

3 2 ' 6 1 1 6 7 8 
9 9 7 4 9 3 9 2 7 
3 6 7 3 7 7 4 2 4 
4 6 8 9 7 1 9 8 1 
9 8 8 5 7 ::? 4 8 3 
? 2 2 9 :? 1 3 7 9 
2 1 9 2 5 4 2 8 6 
5 7 ? 3 5 3 1 9 6 

2 6 9 2 
2 6 .. 6 
3 5 1 8 
1 1 1 :? 
9 4 7 1 

a ' 4 e 
4 9 6 5 
1 5 :; 8 

8 4 6 1 3 4 1 8 4 :? 9 
6 7 9 7 9 9 2 3 8 9 6 
8 4 2 9 4 7 1 9 9 5 7 
6 3 5 4 2 5 2 7 1 5 3 
? 8 3 3 9 8 7 8 8 1 9 
? 4 9 3 4 4 7 3 8 9 6 
2 2 4 1 e 2 3 1 a 4 1 
3 4 6 2 9 4 9 2 6 1 

:? 5 3 2 4 4 7 1 1 
3 1 9 3 5 3 7 8 6 

' 5 3 2 3 a 1 1 ' 
9 2 6 5 9 8 1 1 7 
2 ? ~ • 
2 5 7 4 
6 1 3 1 
6 5 8 6 

2 a s 5 1 
7 6 3 4 
3 I 5 4 l 
3 9 2 

' 1 a a e 1 7 :? 1 1 6 1 2 4 4 4 9 1 4 4 2 4 4 ? 3 ' ' 2 4 9 5 4 7 7 4 1 ' 1 1 s 7 s 9 1 1 
" 2 3 2 ' a e 3 ' 9 6 4 3 9 s 3 e 5 1 1 9 a 1 s 4 1 e 1 e 2 o 5 1 2 ' a 2 e 2 J 9 3 3 2 1 
3 5 7 1 e 3 3 9 1 6 3 s 6 3 a e 9 9 4 2 s? 6 1 3 1 1 's 9 4 2 s 2 9. 9 2 1:? a 8 2 4 4 1 
7 1 1 3 1 1 3 1 3 5 9 5 6 6 ? 5 4 4 1 1 2 ? 8 7 2 1 3 2 6 6 J 3 6 6 6 9 2 5 9 7 3 7 2 ? 5 
7 9 7 5 5 5 4 7 4 2 2 5 4 8 9 1 9 8 9 7 7 5 1 6 4 2 9 6 5 2 1 6 ? 3 3 3 5 6 6 8 5 3 9 7 9 
a 9 8 1 4 a ' 4 1 2 3 ' 1 8 1 2 3 4 2 6 1 3 1 ' 2 6 s 3 1 1 4 5 1 3 e 3$2 2 2 3 8 1 1 a 
5 3 8 4 9 ' 8 5 7 3 9 4 6 • 1 6 2 1 ' 1 3 1 4 a ' 1 4 4 :? 4 a 5 6 9 ' s 4 3 a 9 3 a 4 6 9 
5 1 6 4 8 2 B B 9 9 4 7 3 5 2 8 2 9 9 2 5 1 2 I 4 8 6 6 6 5 3 ' 5 4 S 8 5 4 9 6 5 5 9 9 

5 8 4 6 
1 3 8 5 
2 3 1 6 

2 4 5 
5 1 1 6 
? 6 4 2 
5 6 7 7 
9 :? 9 5 

6 7 6 
~ 1 2 
? 6 4 

6 8 9 4 5 s 
9 6 6 8 6 3 
? 1 2 8 8 6 
3 8 1 6 6 4 
9 1 6 8 7 1 
" 7 6 8 2 4 
4 5 2 2 ? 2 

?84611 
9 4 5 4 3 1 
6354~4 

8 5 
3 2 
5 1 
2 J 
9 4 

2 ' 9 5 
1 4 ? 7 
6 1 5 l 
7 5 1 4 
3 6 1 3 

8 2 
? 4 
5 I 
4 8 
9 5 
1 7 
3 ? 
2 6 

2 4 7 I 5 
4 2 2 5 , 
6 4 4 3 ? 
9 4 3 4 ' 
4 ? 5 5 9 
3 ? 6 1 4 
6 2 2 8 8 
7 4 5 ' 8 

8 3 9 ' 3 
? ' ::? 3 6 
6 4 1 5 1 

? 3 B 
3 9 9 3 
8 2 9 2 
8 6 4 8 
3 8 4 9 
3 6 8 3 

' 1 5 7 
6 1 9 9 
3 9 5 3 

J 9 ' 8 
9 J 3 ' 

' 2 6 8 
5 ? 3 7 
? 6 5 1 

6 2 ' 
J 2 6 
? :? 8 
5 1 9 
3 3 7 4 3 5 ' 5 4 

7 7 8 1~3 
9295 ... 9 
?491185:? 4 2 
3 5 1 8 9 8 2 5 2 5 
9 6 4 6 9 2 8 1 1 8 

8 3 
7 6 
5 3 

9 8 B 1 3 
1 a 4 2 6 
:? 3 1 B l 
6 2 9 1 7 
2 8 1 2 6 

? 3 ' 2 
4 4 4 ' 

6 8 5 8 2 6 5 4 1 8 
J 4 I 3 • 8 5 ' 6 3 
4 " 1 5 z 3 " J 9 3 
~ 6 8 9 8 2 8 8 I 4 
9 3 8 :; 1 1 8 ? 1 9 

? 5 1 
2 ~ J 
7 8 1 
8 4 9 
6 :; 4 
1 9 1 
6 2 3 
? 5 I 

? :; 6 2 
6 8 6 2 
5 3 7 ' 
? 7 :; ? 
5 9 3 2 
:? ' 1 6 
3 8 3 9 

2 J 9 1 1 
5 9 ? 6 9 
2 5 4 9 :; 
6 3 8 1 3 
5 :; 4 1 8 
6 1 7 I 7 
5 2 ? 9 ? 
6 6 9 2 4 

: ~ ~ : : ~ i~~ ; 
l 7 6 9 4 6 1'Y'1 8 

3 3 ' 6 6 3 ' 6 6 
l ' I 1 B 1 5 1 ' 
:? 2 3 ' 8 1 ' 5 I 
I 3 I 8 3 ? ·7 1 6 
• ? 9 l 5 4 8 6 ? 
1 ::! 2 6 6 l 4 ' I 

' 4 ' 3 2 1 3 ' ' 
5 l 7 7 ' 4 :; 1 l 

1 ::! 

' 5 
' ? 
3 ' 
!5 I 
6 3 
2 I 
? 2 

1 5 ' 1 

I 6 S B 2 3 I 7 6 
3 I I I 8 2 ' 1 9 
' l 3 1 9 3 6 :? 3 
4 ' 6 I S I 4 6 5 
1 ::! 4 4 6 5 6 ? 1 

7 4 ' 3 4 2 6 ' ' 
6 ? 2 ? 3 ::! ? 4 4 
4 !5 9 5 • ' l ? 3 

5 4 
I I 
1 ? 
4 s 
1 l 
5 ? 
3 s 
7 2 

e ' 3 
? ? 5 
2 t 9 
5 6 J 
1 7 7 
6 2 5 
3 • 4 
3 7 6 

9 3 8 
4 1 3 

1 4 ' 
2 ? 1 
4 J 3 
7 5 8 
9 7 3 
4 l ' 

3 4 2· ' 1 
4 3 2 ? :? 
7 4 4 1 6 
:? 5 8 9 5 
, . 6 8:? 5 
3 ? 2 9 1 
6 8 4 2 3 
' 8 6 :? 7 

I 8 9 8 
8 3 2 2 
3 4 1 B 

1 ' 7 :? 
2 1 4 4 
B 7 4 6 
6 4 2 5 
3 1 ' 5 

8 l ' 4 1 !5 3 1 7 1 I I 5 ' ? 

; i ; ; ~ ~~= ; : ; i i ~ : 
9 6 I 4 I s'i'? I ' I S ' 2 ' 
2 1 5 ' 1 2 1 ? ' 4 ? s ' 2 1 
5 • 4 3 1 1 1 4 6 ? ' 5 ? ? ' 
I 5 5 :? !5 2 4 l I 6 ' 5 4 6 2 
1 ' 1 ? ' 4 9 3 l 1 6 6 I 5 ' 

FIGURE 3 Random number tables printed on hack of worksheet shown in Figure 2. 

6 :; 1 ' 3 ' 9 4 
6 6 ? 4 4 ? 5 • 
2 2 ? 1 4 6 5 3 
1 89292:i 
6 2 2 4 6 2 4 9 
48323651 
:; 6 3 7 6 7 5 6 
8 4 ? 1 1 3 8 5 

2 2 4 I 5 
5 4 9 4 5 5 
2 1 5 1 4 !5 
2 ? 6 ? ' 4 :s ? • 6 9 2 
4 ? 1 6 2 1 
? 1 6 6 1 2 
4 6 ~ :? ? 5 

4 :; 
4 3 
I 6 
7 1 
4 l 
7 3 
l 2 
4 4 
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ROUTE ------- SECTION -------- DATE ----•----'---- LOT -------
DESCRIPTION _ffX_IJ.ME,~£_./J.l[J!.~~¥!J_~_P-_Q.M~~§_'[~J:.~[_3_j§_(XJ _TP.!:!_5_ __ 

/5"t;D rDNS/20 "f'DNS t-C~ ~ = 75 T/tUC/C.S 
LOT SIZE • _7.~- TRUCKS 01AXIHUH 100> 

SA HP LE SIZE " 5 <IF LOT SIZE IS LESS THAN OR EQUAL TO FIVEr 
OHIT RANDOH SELECTION PROCEDURE AND SAHPLE 
ALL TRUCKS IN LOT,> 

RANDOH STARTING 
VALUE LESS THAN 
DR EQUAL TO LOT 
SIZE - - - ~ TRUCKS TO BE SAHPLED 

ADD PREVIOUS --------------------
SUBGROUP SIZE RAN DOH NUHBERS SUH OF PREVIOUS TWO 

TO PREVIOUS LESS THAN COLUHNS -- SUBTRACT 
SUBGROUP ENTRY TO GET OR EQUAL TO LOT SIZE FROH VALUES 

SIZE NEXT ENTRY SUBGROUP SIZE EXCEEDING LOT SIZE 
-------- ---------------

_______ ______ ,_ 
--------------------

_ [~_ ' - - -> -~-L __ 7 _ 52 -----------------
l-~- -~-°-- --~- ,8 

----------------
}_~_ _z~- _LL _e_~ __ -__?.5.__:__Jj_ 

-'-~- _fJ_o__ _l4_ [Q_f.._:_?_~_:_.!-_~ 

-'-~- /OS _[Q_ ll~_:_?_fi._:_~ 

SUBGROUP SIZES FOR SPECIFIC LOT SIZES 
----------------------------------------------------------------------------
1: 1 26: 5 5 5 5 6 s1: 10 10 10 10 11 76: 15 15 15 15 16 
2: 1 1 27: 5 5 5 6 6 5". .. 10 10 10 11 11 77: 15 15 15 16 16 
3: 1 1 1 281 5 5 6 6 6 53 : 10 10 11 11 11 78: 15 15 16 16 16 
41 1 1 1 1 291 5 6 6 6 6 54 : 10 11 11 11 11 79: 15 16 16 16 16 
51 1 1 1 1 1 301 6 6 6 6 6 55 ; 11 11 11 11 11 so: 16 16 16 16 16 
61 1 1 1 1 2 311 6 6 6 6 7 561 11 11 11 11 12 81: 16 16 16 16 17 
71 1 1 1 2 2 32: 6 6 6 7 7 57 : 11 11 11 12 12 82: 16 16 16 17 17 
e: 1 1 2 2 2 331 6 6 7 7 7 58 : 11 11 12 12 12 83: 16 16 17 17 17 
9: 1 2 2 2 2 341 6 7 7 7 7 59 • 11 12 12 12 12 84: 16 17 17 17 17 

101 2 2 2 2 2 351 7 7 7 7 7 60 12 12 12 12 12 851 17 17 17 17 17 
11: 2 2 2 2 3 36: 7 7 7 7 8 61 12 12 12 12 13 86: 17 17 17 17 18 
1 '>' .. . 2 2 2 3 3 371 7 7 7 8 8 62 12 12 12 13 13 871 17 17 17 18 18 
13: 2 2 3 3 3 381 7 7 8 8 B 63 12 12 13 13 13 es: 17 17 18 18 18 
141 2 3 3 3 3 391 7 8 B 8 8 64 12 13 13 13 13 891 17 18 18 18 18 
15: 3 3 3 3 3 401 8 B 8 8 B 65 13 13 13 13 13 901 18 18 18 18 18 
16: 3 3 3 3 4 411 8 B 8 B 9 66 13 13 13 13 14 91: 18 18 18 18 19 
17: 3 3 3 4 4 42: 8 8 8 9 9 67 13 13 13 14 14 92: 18 18 18 19 19 
1e : 3 3 4 4 4 431 8 B 9 9 9 681 13 13 14 14 14 93: 18 18 19 19 19 
19: 3 4 4 4 4 441 8 9 9 9 9 691 13 14 14 1'4 14 941 18 19 19 19 19 
20: 4 "' "' 4 4 .iis: 9 9 9 9 9 701 14 14 14 14 14 95: 19 19 19 19 19 
211 "' "' "' "' 

5 461 9 9 9 9 10 71 1 14 1'4 1"' 1'4 15 96: 19 19 19 19 20 
22 1 4 4 4 5 5 '471 9 9 9 10 10 721 14 14 14 15 15 971 19 19 19 20 :?O 
231 4 4 5 5 5 '481 9 9 10 10 10 73: 14 1'4 15 15 15 98: 19 19 20 20 20 
24 1 4 5 5 5 5 '491 9 10 10 10 10 741 1"' 15 15 15 15 99: 19 20 20 20 20 
251 5 5 5 5 s 501 10 10 10 10 10 (7~ : 15 15 15 15 15 ) 100: 20 20 20 20 20 

FIGURE 4 Typical worksheet outlining steps for selecting stratified random sample of five items 
from a discrete population of as many as 100 items. 

signed to determine pavement-coring locations in a 
stratified random manner. Because of the large range 
of random numbers required for this application, it 
was not practical to construct the tables in the 
same form as those for the previous procedures. Con
sequently, true randomness has been compromised to a 
small extent. For the table in Figure 7, a total of 
2,280 single digits (228 each of the digits O 
through 9) have been randomly scrambled. [A Fortran 
subroutine developed to perform this operation is 
contained in a recent publication (3).] Three-digit 
numbers can then be obtained hori:i"ontally, verti
cally, or diagonally from any location in this 
table. Al though it would be a formidable task to 
check if all possible three-digit random numbers are 
equally represented by this table, the manner of 
construction and use is sufficiently random that it 
is believed to be extremely unlikely that any sig
nificant degree of bias exists. The other two tables 

in Figure 8 will exhibit no bias if sampling with 
replacement is used (allowing identical selections 
to occuri that is, same number and same location in 
the table). However, because the tables contain 
large quantities of each number that might be 
chosen, little bias will occur even if sampling with 
replacement is not strictly practiced. (This rela
tively minor problem is completely avoided in the 
previous examples because only a single selection is 
made from each section of the various tables that 
are used.) 

The procedure shown in Figure 7 also permits the 
user to randomly select the lanes from which the 
cores will be taken. Alternatively, the lane for the 
first sublot could be selected at random with the 
subsequent lanes following in some predetermined 
order. 

The prominent role played by the computer in the 
development of these procedures is quite evident. 
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lt:LECT kAHDO" ITNtTINO VALUE LEll THAN OR EO~L TD LOT SIZE FRO" THIS TA~LE 
-j;--;;-;;--;,--~--;;--;;--;;---;--;;--;;-;;--;;--;;--;;-;~~--;;--;~·-3:;--;;--~--;;--;~--;;--;;--;;--;;--;;--;;--;; 

44 71 63 23 41 •O 74 34 12 72 52 92 40 45 14 •6 8 JJ 16 80 43 43 3 3 76 39 15 14 11 45 
6S •5 31 32 •2 .7 SO 76 57 14 62 29 77 •7 4' •I 39 79 93 •1 JI 13 16 66 9 BS 21 Bl B2 40 
2• 11 33 I 26 IJ 11 49 87 2 BO 11 84 38 21 97 47 74 40 30 S2 28 35 SJ 1J SS 89 44 71 Be 
'PS 91 SI 32 6 J6 60 69 •J 54 6B 61 78 66 62 92 IS 9 77 33 64 40 21 87 59 18 19 72 73 70 

1 41 46 1J 12 SJ J• SS 14 6 63 81 99 10 •o 59 SJ 51 ~~ 65 42 67 31 23 JO 2 77 : 2 07 
J4 43 II 50 4 75 13 JI 11 20 25 95 75 62 14 12 19 38 61 92 20 9 19 69 70 36 9 16 •6 9 
•I I 32 17 17 II 33 42 JO II 67 8 11 24 70 52 20 99 26 86 SS 41 89 28 6~ 47 73 78 76 41 
71 52 26 •4 1 42 1S 79 24 48 3 53 56 17 JO •6 I 51 20 66 19 JI 96 55 60 64 99 95 91 58 
51 94 II 22 21 70 l• 52 75 51 69 63 39 15 5J 11 23 90 92 13 23 54 74 93 27 21 27 t9 62 J6 
16 63 19 44 15 36 ll 17 29 JJ 4 29 66 22 54 48 JS 27 16 14 96 57 41 I 99 4 24 12 4J 51 
61 47 17 •9 •J 67 52 II 12 56 7 2S 97 42 10 92 71 12 S9 65 J2 71 50 80 79 JS 99 94 6J 12 
59 36 49 5S 27 40 '4 37 4 71 JO 15 IS BJ 37 98 50 80 20 57 12 34 17 66 J4 28 40 21 95 15 
J2 50 16 II 61 77 2 79 ~· 5 23 4 Bl 75 43 76 42 94 46 74 28 19 68 ~~ 77 ·~ 1• •6 86 83 
J9 J 95 56 25 17 23 9 ~ 16 51 59 100 84 47 22 100 7 46 98 89 97 37 ;; 18 57 B~ B7 BJ 70 
72 64 •1 60 16 JS 61 J4 45 6 6 29 65 90 JS 7 59 45 25 73 60 6 78 IJ 90 84 61 2• 75 
67 73 •1 97 66 49 98 50 91 38 100 5 68 II 56 37 58 17 8 56 64 71 18 48 44 96 5 8 10 6 
44 24 J 26 JI 2 4• 51 26 28 74 5 15 54 14 62 93 4 J2 JI 67 47 90 57 Bl •6 79 100 58 J• 
13 19 7 47 1 53 31 •• 54 44 72 93 80 41 41 36 76 80 69 21 78 10 96 I 37 68 91 J9 22 :• 
26 42 l 2• 100 65 43 77 70 20 JI 49 18 94 67 72 97 86 25 5 74 73 82 10 •5 79 37 JO 63 11 

IELECT RANDO" NU"IER& LESS THAN OR EOUAL TO SUIOROUP SIZE FRO" THIS TABLE 

5 1 2 
15 10 6 

5 3 11 
II 9 20 
II 18 4 
II 6 11 
10 5 17 
10 1 17 

12 I 10 
11 17 14 

17 ' 5 
11 l 1• 
17 •• 
14 ' 1' 

44141'1116 
17 6 16 6 16 8 19 

2 12 7 5 6 : l 
17 19 15 ' 14 12 6 
10 2 4 20 IJ II 5 
12 If 5 5 9 11 18 
13 20 5 ' 6 3 13 
18 IJ 2 15 6 2 16 
14 1 19 6 5 3 6 
11 14 15 12 4 17 3 

15 I 
J 2 

17 6 
lJ 7 

I 12 
1 2 

20 1 

10 20 I I 2 2 I 11 6 J 
17 14 19 .19 15 13 14 ll ll 4 
15 9 9 14 2 14 17 6 20 13 

9 16 4 20 2 9 17 16 6 11 
7 15 19 7 15 12 15 14 20 13 
9 8 15 11 11 10 14 J J 2 

18 4 
17 6 

3 18 
20 18 
18 10 
11 12 

20 5 J IS 20 4 16 18 20 10 19 8 • 
9 11 20 " 10 5 1& 1::? s ::? 8 1l 4 
9 I I 9 19 10 IS 17 17 18 5 16 7 
6 18 19 12 ' 4 11 5 14 4 10 7 4 
: 16 6 I:? 19 10 8 13 9 9 6 1::? 14 
2 17 16 15 s 12 1• 8 14 13 7 8 7 

' 10 4 
1l I I 

4 13 ' 
3 7 I 

9 12 5 
10 10 14 

2 19 20 
19 7 16 
1' 20 4 
17 • 1' 

6 1• 13 II 2 5 16 
7 15 9 7 7 4 II 

II 8 
7 4 

16 2 
14 12 
20 17 

16 10 2 15 12 9 9 II 3 10 
9 : 2 3 3 10 7 11 20 17 
J 10 11 lJ J 16 1 14 19 11 
J 3 6 7 3 12 9 17 12 II 

17 12 I 7 I 13 13 3 19 4 
19 4 a 16 12 20 20 13 10 13 

*-1: 
'i'13 
11 7 
14 9 
11 :! 

IS 16 IS 11 7 ::? 4 14 3 I 1 10 lS 
J 6 e 1 1 13 8 3 4 8 19 12 12 

14 13 2 ::? ::? IS IS 7 14 IS 16 16 10 
20 8 20 16 11 IB 11 13 14 11 8 14 I 

6 s 10 20 12 e 19 1 1 11 18 11 11 
16 IS 12 18 15 6 9 10 l 20 3 S ::?O 

11 r• 10 1• 7 1 s s 
~O I 1• 11 9 15 ' 6 

7 7 5 7 1 1S 10 12 
1 1S 13 10 14 4 14 17 

ll ' 11 17 5 l 7 9 
16 J 17 3 2 15 ::? 6 
16 15 12 16 7 • 10 1• 
19 I 12 7 10 15 17 l 
5 ' ll 1 J • 15 5 
I 1 I 13 J 17 14 17 

20 ,, ' JI 1J • 6 16 
10 6 4 4 2 ' JI II 

3 20 17 1• I J2 13 9 16 12 2 11 B 
4 5 17 14 IS ~ 9 20 16 16 14 9 8 

20 ' 17 13 <t> 4 12 10 4 II ::? 2 13 
S 11 4 15 1 ' 6 17 4 6 9 IS 

18 11 5 13 13 16 8 2 19 2 10 15 
JO 14 f 11 I 17 2 S 17 2 14 12 II 
1• 1::? 7 6 11 20 ::?0 I 2 7 17 16 I 

7 6 16 16 14 12 3 1 19 • 10 1 20 
2 12 l~ 20 4 16 2 2 3 20 12 II JI 

IJ 1 11 17 1 12 1• 14 l 1 7 4 IJ 
7 13 10 10 2 13 20 1J ' 11 II 12 11 
' S S I 16 I 19 6 6 17 11 1• 7 

6 ::? 20 4 17 
s 5 1 10 1::? 

12 11 8 3 10 
16 1::? 1::? 16 6 

6 4 6 SU 
11 1' 5 20 3 

7 19 12 10 IS 
10 4 18 I 11 

5 lJ 12 2 1• 
::? 15 I 18 4 

17 13 9 5 20 
14 17 10 1• 13 

I 10 17 17 19 2 
J 16 6 7 9 19 15 6 

14 4 8 2 16 10 B 14 
1 a 11 11 4 14 13 1e 
J 5 10 16 3 S 19 IS 
3 13 15 7 18 I• 3 10 
I 19 20 6 3 20 II 14 
7 IS 14 12 18 

15 13 14 19 4 
11 2 16 3 17 
11 14 4 19 3 

' 20 10 4 8 

~ 4 1~ 
6 14 6 
1 : e 

14 7 ll 
13 I 16 

I 4 
14 19 

J u 
4 19 

10 20 
20 1 

1 ' 11 1• 5 5 7 8 
13 5 12 18 17 ,, 4 1• 
16 11 4 1 7 4 3 18 

I 6 13 2 17 4 ' 17 
14 ' 11 2 3 13 19 7 
19 19 IS :!O 7 ::? 11 15 

IS S l 13 2 13 8 13 1 1• 

15 :! 
a 2 

15 3 
17 16 
16 15 
12 10 

14 10 lJ 1' 1' 
15 I 7 17 12 
16 J 5 lJ s 

4 10 2 17 16 
14 u 4 3 3 
11 2 14 I 11 

5 17 1• 9 20 
20 6 I 7 1 

10 11 II ::? 17 
7 ·1S 11 1S 18 
1 7 4 5 l:! 
6 6 12 11 20 
5 3 I 7 5 
5 10 13 • 10 

11 19 6 14 7 
17 20 u 11 l 
11 13 14 20 I 
10 3 1l 9 s 
14 6 7 JO I 

4 2 20 6 10 
14 12 16 6 s 

7 611 I 4 
14 16 ::? 6 11 

6 2 10 s 7 
17 11 ' 10 20 

6 12 11 ' 14 

l 16 10 9 I 
lS 20 ~ 9 16 ~ 17 

B 4 J 1l 7 I IS 
' s 4 1:? 4 1:.? 10 
I 20 9 10 7 10 17 

10 11 14 12 1~16 
J 2 I 3 2 11 13 

J2 18 12 4 16 I• S 14 13 U JO 6 16 ::? 7 4 
11 6 9 I J 6 3 ' 11 IS 
::?O 5 9 I 14 14 7 20 3 20 
20 17 10 6 13 1• 12 12 J 11 
14 12 7 11 3 20 14 11 20 10 

8 12 

s ' 1 2 
7 I 

17 1 
9 10 

6 2 10 15 1::? 
15 10 6 16 14 

• 4 2 1• 16 
13 17 11 8 7 

11 17 I S IS 
12 15 15 19 4 
17 19 7 12 1 
15 ll u 11 11 
1' 12 4 15 8 

' 3 3 20 16 

9 9 9 IS 20 IS 19 
II I 9 11 20 18 19 
14 12 13 17 20 13 19 
13 6 18 9 1• 15 s 

l 2 
IS 19 
18 11 
:?O 6 
~ 16 

16 J 
II 17 

9 18 
6 6 

1::? 11 
20 13 

l 20 

12 17 
7 1 

I:? 11 
17 9 

B 18 
IS 18 
18 1 
19 8 

9 B 
4 20 

14 11 
4 9 

9 9 15 20 
10 17 18 s 

4 1 7 14 
4 13 l 11 

19 17 11 8 
14 16 I IB 
14 12 l 14 
lS ~ 13 9 
20 7 7 3 
13 1 20 1:! 
12 1 10 IS 

6 20 9 IB 

2 18 19 2 
4 2 14 11 

11 16 :: s 
1613 316 
10 4 2 13 
1:! 8 I ' 

6 :: 17 16 
14 9 IS J 
17 8 13 17 

4 18 16 t. 
18 6 3 ::?O 
113167 

1 14 7 JS 4 7 6 If 2 20 12 ' I 1 
IJ 12 I 9 11 16 13 5 9 4 7 I 17 15 
14 6 7 2 ' 19 14 1• 15 9 I 11 1• 17 

7 5 J 7 5 16 13 2 11 14 3 11 1 16 
13 14 s II 3 J 2 11 1 7 IJ :: 2 l 
1• 17 11 14 16 11 12 17 6 1J 13 11 20 16 

13 12 IS JS 6 J2 14 2 
2 2 5 7 4 18 11 20 
7 2 5 9 20 5 6 16 

20 17 11 I 19 1 20 • 
14 17 J 14 2 15 ' • 

5 10 1 14 6 J J 1 

JO 17 15 
19 6 19 
1• 6 10 

7 12 11 
10 16 15 

I 4 2 
15 8 4 

7 I 19 
4 12 J 

16 1 7 
I 18 6 

l:! 20 11 

17 4 I 20 17 8 6 IJ IS 17 3 11 13 9 IB 
20 7 17 s 14 2 10 17 16 11 16 11 17 8 2 
20 1J 10 4 I 2 s 7 4 13 5 17 3 18 13 
1::? 7 II 2 12 19 7 4 19 14 14 9 20 18 10 
11A13 1 10 5 ::? 10 .::?O J 11 16 9 3 19 
1~31110::?011 3t71J :1a11 7 6 

9 12 4 14 15 16 17 17 10 10 20 9 12 4 
IS 16 6 18 6 4 5 13 10 6 16 B 9 1• 
20 13 12 18 17 15 s 9 6 16 1• 5 16 15 
1~ 20 14 4 14 16 12 J • 7 11 2 13 5 

I I 12 I ' 1• I 16 1 I 14 6 1J J 
17 10 3 9 20 15 13 IJ 11 11 14 7 7 13 

12 15 11 13 13 4 18 8 
3 1• 10 11 ' 10 11 9 

16 17 ' 6 11 12 3 8 
5 17 :: 7 J9 12 • 10 
1 JS 11 20 IS 6 1:! 5 
7 14 20 7 9 16 IS 11 

15 w S IS I:? 6 6 IS :!O 3 1:! 10 4 6 9 
8 20 I 15 19 4 2 I 1S 14 10 10 16 19 17 
6 19 ::? 16 1 9 4 10 19 I 3 19 l 11 2 
3 2 12 4 S 19 20 4 10 B 13 6 1 11 S 
s 3 12 11 1a 1 20 u :: ' 9 8 14 u 10 
' 14 8 17 J 10 ::o 8 4 18 1 4 12 18 14 

10 • 1J s 12 11 10 :: 1 1• 14 12 13 13 s 7 6 • 11 20 6 1s J • 1 6 10 3 s 16 16 8 a 20 • ::o 20 20 16 1• 
11 ' S 10 20 14 17 12 20 I 1 12 2 5 6 7 17 l 5 7 ll 1 11 5 I 18 16 II 15 l ::?O 6 3 6 11 IS 7 J 10 6 

2 17 8 20 I 14 15 12 6 ll II 12 12 18 J6 5 11 19 7 3 11 J2 11 10 10 5 ::?O 2 13 10 14 JO 4 ll 9 S 3 JD 6 19 
11 lJ IS 16 8 5 6 .3 lS 1• 11 J ll 12 16 11 6 1 l 5 1• II II ::?O 18 I 2 l ' B 4 7 19 16 19 19 II 9 2 4 
11 9 14 12 4 9 19 14 15 3 13 14 13 17 I 2 l 11 17 14 16 ::? J ' 6 11 I 7 17 16 20 4 13 2 3 15 I 4 2 17 
16 10 4 14 20 11 f 12 16 10 5 I 4 13 9 JS 2 J7 11 J4 12 J6 I 17 ll 4 14 13 13 10 11 11 16 6 J 19 7 4 IS 16 
IS 6 4 lJ IS 20 7 14 17 13 ll 20 19 17 17 13 I 7 12 12 IS 17 I 2 12 16 I J 7 9 2 l 17 15 13 5 14 3 10 17 

3 U 15 2 9 S I~ " 8 20 6 1 4 4 6 :ZO J 1 10 I 2 19 19 4 4 7 ' 10 11 19 ' 19 10 6 6 5 4 1$ 2 
11 16 18 17 :! 19 11 10 lj I 16 14 7 16 19 5 12 19 13 17 8 14 14 2 2 II ' :ZO 17 11 6 10 18 1 17 S 10 S 4 l 

' 15 7 S 19 19 ' 2 14 7 18 20 S 2 ' I 4 S 12 19 IS I 7 12 6 13 4 7 20 J I 10 12 II 16 0 13 19 9 
4 11 II 17 12 I 7 14 19 4 15 6 10 12 lJ 14 3 7 16 I 20 10 11 ' 5 I 16 IS 3 20 12 lS 9 14 7 10 II J 1 

11 15 II 6 14 15 9 17 14 16 6 14 7 I 20 4 12 17 ll 11 7 ' 2 3 17 19 2 14 4 J 7 I 15 II S l 1 20 10 12 

FIGURE 5 Random number tables printed on back of worksheet shown in Figure 4. 
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ROUTE --------- SECTION --------- DATE ----'----'---- LOT ------

DESCRIPTION _ _E_)(_f3.M_f'J:.£_~-~jT__~f:1JN_Qy_~_fQ_~~~~]'_€__'=.QI_:_l§_Q9 _ _"[QN_5 

SUEtLOT 

2 

3 

4 

5 

022120102 
112220200 
20102::!000 
02@0021 
012101212 
121020111 

011100221 
122200211 
010201002 
2200~02 
01120T121 
120012221 

122122100 
101022101 
00~2011 
01orl.1120 
021000211 
202022121 

020211201 
102011 21 1 
100221 :(§)> 
2200120 11 
222002212 
011012200 

002022000 
210(!)211 
021221012 
102120122 
101110022 
010221120 

RANDOM 
FIRST TON I NUMBERS 

OF THIS FROM 
SUBLOT 0 - 299 

--------- -------
J .. ~-~ 

301 __ 5_~ 
601 g€5._ 
901 ~§-~ 

1201 j_-fj_ 

591736011968996078485977231252 
403839563537419092829588642446 
796348590612212532502941502840 
786183968760466398058840264610 
3253015359766~71131579470037 
122257639419888070574731407524 

977105733400082107958755744056 
8027099810957832753~52495529 
48842218137451366666"1'117688661 
546408843856684536434190607330 
913451106376990232647810164297 
940239389201258277112939829457 

327006905542420349932568959294 
34725~1320946634848981731678 
678811097070512789089852520176 
405481932886232773979044467494 
964130382657080311566358521564 
332618692483570152796531175171 

320276753551097977252106962065 
885149346754930m7653953569169 
72240264441434 8 0626909495800 
68137983882181 1 70136148999310 
883560446381291259789248774273 
876122497324155681555200030337 

037110535034725284488455989908 
180604922861255610572237063850 
042843069121127798667669915447 
769209953963183930207117..(4)293 
1371080885921286668744751'l"5556 
333964601677493182547232053794 

SAMPLING LOCATIONS 
------------------------
TONS -- SUH 
OF PREVIOUS 
TWO COLUMNS TRUCKS 
-----------

___ [~]_ __ ]_ 

--~~A: _Lf!_ 
__ _B]_Q _4~ 

---~~f _5Q 
_J_'a_~l, _p_a 

103962145841559152080625809197 
179738930679921607736126132332 
730007335~810791629428226790 
6409298580.,,..5544583744876587716 
194959225886323670324571445865 
3362821004 7'4998616833491445051 

262046768452767308210005805545 
550137815710766539617235910728 
319219154129847699512885177978 
20533276672328869466~9812706 
420434309955687101743858440312 
4976040496388392~9490323431869 

505973927691752325106419721475 
849486187547893486624695944933 
580746403<(2}-464624081742237955 
738030181812836691660990035900 
281015758419387324952385068263 
827062237614185320130177692551 

128567011035285454221772809552 
676945673069204133458990692959 
353442966178338059994805979987 
244.1,.38821727929713464112666230 
101QJ>8448388533107163374117708 
856020705621664554130089754276 

374163198523489100743739820817 
64475198507919923~4907624456 
929443073150604554464223369056 
096159229697811823581082681273 
073697478630538683080469775875 
5491229152~1610765034216822305 

FIGURE 6 Stratified random-sampling procedure based on fixed lot size of 1,500 tons. 

Not only are the worksheets themselves printed by 
computer, the specially constructed random number 
tables are generated by computer programs written 
specifically for this purpose. 

2. Conventional stratified random sampling for 
which the item to be sampled is divided into equal
sized sublots and a single random sample is taken 
from each, and 

INVESTIGATION OF POTENTIAL BIAS 

Because most sampling procedures in common use de
part from perfect randomness to some extent, it was 
deemed worthwhile to empirically check for any bias 
that might be introduced. The results of such an in
vestigation should provide useful guidance in the 
development of practical sampling plans for many ap
plications. 

For practical purposes, it was decided to limit 
the investigation to three basic types of sampling 
procedures: 

1. Simple random sampling for which all possible 
subsets of the required sample size are equally 
likely to be chosen, 

3. Modified stratified random sampling that is 
subject to the additional restriction that no two 
sampling locations may be closer together than some 
specified minimum distance. 

An investigation such as this can most easily be 
accomplished with the aid of computer simulation 
(4). First, an array of randomly generated popula
tion values is created. As an added measure of real
ism, the program provides the capability of making 
successive population values correlated to any spec
ified degree. The three sampling plans are then ap
plied repeatedly a great many times and the sample 
values are compared to the true population param
eters to assess how well each plan performs. 

A typical run of this program is shown in Figure 
9. The program was designed to check for bias in the 
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ROUTE-------- SECTION--------- DATE ----'----l-~- LOT-------

DESCRIPTION ___________ IJ}{_(j.f!1~f_lf.J ___ f;_Q_f?_~l::/_$ __ k_Q~~J:..lQ!:J.~--------------

STATION _____ Q_i:__Q~-- TO ----~-(_°'!:_~Q__ NUHBER OF LANES IN LOT • _i. __ 
LOT LENGTH CFEET> s ---~?-~tl__ SUBLOT LENGTH <TO NEAREST FOOT> • _]_![_Q_ 

SUBLOT 

1 

2 

5 

STARTING 
STATIONS 

ADI1 SUBLOT 
LENGTH 

TO PREVIOUS 
STATION 

TO GET NEXT 
STATION 

___ Q_tP_Q 
___ 7_!:§Q 

_J~±/tP.. 
-~l.!_Qg_ 

-~-Q±_QQ 

RANDOM 
NUMBERS 

LESS THAN 
OR EllUAL 
TO SUBLOT 

LENGTH 

-~4--~ 
51{, 

!6Z 
52 ,,3 

LONGITUDINAL 
SAHF'LING 

LOCATIONS 

SUH OF 
PREVIOUS TWO 

COLUMNS 

___ .g_-t~§_ 

--'-~-"!_4.~
__ /_~-~~?--
23+02 ----------

--~~-±_[~_ 

TRANSVERSE 
SAMPLING LOCATIONS 

LANE 

£ 
L 
1=. 
-~ 
_,_ 

RANDOH DISTANCE 
FROM RIGHT EDGE 

__[ __ 

--~-
__ fi! __ 

--~--
--~--

6692389598274071102635080045781784284564909692822361675211012753877493758761 
0114120016637438586688570321913142076018189447092003212432535214323747579054 
3072094049101309334420087129803836655568197068713986911777486036220856595280 
8638409019806561449462242048749198387464779315460787198642926107928178743467 
8202026599496057(~3402131816479835116376219356315813344599926853076693812 
32669872101924007 49291842176287718759599652842053636224766737807250398734934 
5002433754926157430317833641421051916352755857553199005441599960849968710536 
9985152258340677445473957548383940926413366629181429639880974833858274437207 
2160956163613747677480761377187796133235541814645524097799077723710564481448 
7923128206851426666(4 71;)5019400177949788021034289231670211393493731132811364 
4606815180863139925 5 16 9621069513372594021030129391295710570777320536317576 
1315987173337846021502955766569677565159027696238565059240295399141283715012 
0807608960330720353198051325562422754250172578892052465349767952368982692957 
5043697310370112929055466996231625936502863349048843564919846351440489950704 
92517~96326954013181116310873~476318151047892227160489839844543791796851 
9408512834495668020877842438556352695068935940305913287029256280939861244044 
9528404201058601810467408268353785689167234293904830419893659009309814347898 
3256846017666782837536958001315177527558999542905115144638045276624544939223 
1130487948671767385787485652276153622719003014810692444000972455462726064408 
85469842832645014581447512017756~924855030818417873303071705717205690609 
10233859639543704689257472546214~331805365750113339364700341684699188753 
5039212889555259668368285627223409897784808035778885920707285876726428995987 
3077274632295042189113509201823870161548887047867639795051396323475574266321 
99423845555133580198272916739985730440496226~674317989046797950172362433 
7145062782064274396903916229872343725179286738921425860527903700523256032269 
543008J274806531469849279847607668827050207000926953453004029840049786960558 
0427473148052121918401663449216391905131060372645104693596453805791057855055 
48243l8141463940274857109189704003019467886772292887888688694921346482113036 
8377781414965351709599345679325018063230591145863417521253030956950902616806 
6151761581627212436346917923142841351537896813018296611854825495422976245587 

FIGURE 7 Stratified random-sampling procedure for selection of pavement-coring locations. 
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estimates of four conunonly used statistical param
eters: mean, standard deviation, variance, and per
cent defec tive. The average bias for 1,000 replica
tions is given along with the one-tailed statistical 
significance level for each result. The significance 
levels for the bias of the estimates of the mean and 
the variance were computed in the customary manner 
using the Student's t-test and chi-square distribu
tions, respectively. The significance levels for the 
bias of the estimates of the standard deviation and 
percent defective were computed from t-test values 
and, consequently, are only approximate. 

exhaustive study, this suggests that both conven
tional and modified stratified random sampling are 
equivalent to simple random sampling for most prac
tical purposes. 

It can be seen from the results in Figure 9 that 
all the biases are quite small and none achieved a 
significance level low enough to be attributable to 
anything other than chance. Numerous additional runs 
with a variety of different input values produced 
essentially the same results. Although far from an 

Although it appears to have little effect, the 
requirement in modified stratified random sampling 
that all sampling locations be separated by some 
minimum distance should be used with caution. For 
the sample size of 5 used in the example in Figure 
9, a minimum separation of 25 percent of the lot 
length would be totally unacceptable because it 
would exclude all sample combinations but one (sam
ples taken at the ends and the quarter points of the 
lot). A rough rule of thumb might be to stay below 
the percentage given by 50/(sample size). For ex
ample, for a lot length of 1,000 ft and a sample 
size of 5, the required separation should be no 
larger than 50/5 = 10 percent or 100 ft. An applica-
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FIGURE 8 Random number tables printed on back on worksheet shown in Figure 7. 

tion of this procedure is presented in the next sec
tion. 

been entered in the form 45 + 67.89 but the program 
will also accept the form 4567.89. Finally, the 
total width and the number of stratified random sam
ples to be taken are entered. INTERACTIVE SAMPLING PROGRAM 

To further simplify the work of coring crews, a re
quest was received to develop an inte r ac t ive com
puter program to select random coring loca t i ons from 
areas of various shapes. The primary application is 
for straight or curved rectangular areas, such as 
main-line paving, but the program had to also have 
the capability of handling a variety of irregular 
shapes that might be encountered. 

The input stage for the sampling of a rectangular 
area is shown in Figure 10. The initial entry en
ables the user to record project name, lot number, 
date, or any othe r identifying information. In re
sponse to the ques tion, "is the area to be sampled 
rectangular?", the user has typed in "yes." For 
clarity, the starting and stopping stations have 

The output stage for this run is shown in Figure 
11. The first item to be printed is the identifying 
information. The computer then prints the random 
generator seed number used to initiate the sampling 
sequence. (This would be needed if it were desired 
to conduct a complete check of the operations per
formed by the computer.) The stationing for the sec
tion to be sampled is printed next followed by the 
necessary intermediate results and random numbers so 
that the procedure can readily be verified, if de
sired. The station and offset for each sampling lo
cation are given to the nearest foot in the last two 
columns of the table. 

In addition to the obvious longitudinal stratifi
cation, it can be observed from the offsets in the 
last column that the procedure also performs a 



r•Jn biastest 
EXECUTION BEGINS,,, 

ENTER MINIMUM REQUIRED SEPARATION FOR MODI~IED STRATIFIED RANDOM 
SAMPLING <PERCENT OF TOTAL LOT LENGTH> 
? 
5 

ENTER CORRELATION COEFFICIENT FOR SUCCESSIVE POPULATION VALUES 
? 
0.5 

ENTER POPULATION MEAN, STANDARD DEVIATION, AND PERCENT DEFECTIVE 
'f 
10 1 10 

ENTER SAMPLE SIZE, NUMBER OF REPLICATIONS, AND RANDOM GENERATOR 
SEEI1 NUMBER 

5 1000 76~~43;:>.1 

ACTUAL POPULATION CHARACTERISTICS 

MEAN =, 10.02 
STANDARD DEVIATION m 1.01 
VARIANCE~ 1,()2 
PERCENT DEFECTIVE m 9.87 
CORRELATION OF SIJCCESSIVE VALUES 0.51 

RESULTS OBTAINED WITH SIMPLE RANDOM SAMPLING 

MEAN = 10.03 BIAS 0.01 SIGN IF, 
STD. DEV. -· 1.02 BIAB O.Ol. SHJNII", 
VARIANCE ... 1.04 Bl AB o .o;! SIGN IF, 
PCT. DEF. = 9,91 BIAS 0.()4 f:lIGNIF, 

LEVEL. 0 .281 
LEVEL 0 .170 
LEVEL 0 .17b 
LEVEL 0 .449 

RESULTS OBTAINED WITH CONVENTIONAL STRATIFIED RANDOM SAMPL.ING 

MEAN = 10.01 BIAS -·0.01 SIGN IF, LEVEL. 
STD. DEV. = 1.01. BIAS ·-o.oo f:lWNIF. LEVEL 
VARIANCE - 1.02 BIAS -o.oo SIGN IF, LEVEL. 
f'CT, DEF. - 10.17 BIAS o.~~o ·SIGNIF, LEVEL 

RESULTS OBTAINED WITH MODIFIED ~TRATIFIEf.I RANDOM SAMPLING 
--------------------------~--------------~---~-------

HEAN = 10.02 BIAS o.oo S!GNIF. LEVEL. 
STD, DEV. = 1.01 BIAS 0.01 SIGNIF. LEVEL 
VARIANCE = 1.03 BIAS "' 0.01 SIGN IF, LEVEL 
PCT. DEF. = 9.95 BIAS 0.00 SIGNIF, LEVEL 

FIGURE 9 Typical run of computer simulation program to test for bias. 

run •r•••••,. 
EXECUTION BEGINS,,, 

ENTER"PROJECT IDENTIFICATION <MAXIMUM 50 CHARACTERS> 
1 
route 123 -- lat 45 -- 3/14/84 

IS THE A~EA TO BE SAMPLED RECTANGULAR 
1 
,,, .. 
ENTER STARTING STATION 
1 
45 + 67.89 

ENTER STOPPING STATION 
1 
65 + 43,21 

ENTER TOTAL WIDTH OF A.REA TO BE SAMPLED 
1 
24 

" 

0,349 
(),477 
0.482 
0.196 

0.438 
0.306 
0.314 
0.407 

ENTER NUMBER OF STRATIFIED RANDOM SAMPLES TO BE TAKEN <MAXIMUM 30) 
1 
5 

FIGURE 10 Input stage for random sampling from a rectangular area. 
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ROUTE 123 -- LOT 45 -- 3/14/84 

RANDOM GENERATOR SEED NUMBER 

STATION 45 + 67.89 

TOTAL LENGTH 
SUBLOT LENGTH 
TOTAL WIDTH 

1975.32 
395.06 

24.00 

TO 

2643629 

65 + 43.21 

SAMPLE SUBLOT BOUNDARIES 
---------~-------------------

1 45 + 67.89 TO 49 + 62.95 
2 49 + 62.95 TO 53 + 58.01 
3 53 + 58.01 TO 57 + 53,08 
4 57 + 53.08 TO 61 + 48.14 
5 61 + 48.14 TO 65 + 43.21 
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RANDOM NUMBERS SAMPLING LOCATIONS 

------------------
STATION OFFSET STATION OFFSET 
------ ---------
0.10560 0.8442 46 + 10 20 
0.22488 0.1147 50 + 52 3 
0.34415 o.5120 54 + 94 12 
0.78576 0.4492 60 + 64 11 
0.48775 0.8578 63 + 41 21 

FIGURE 11 Output stage for random sampling from a rectangular area. 

transverse stratification. The total width is di
vided into quarters, the quarters are alternated in 
a random manner, and random transverse locations are 
selected within each quarter. Unlike the procedure 
shown in Figure 7, the transverse stratification is 
based directly on width rather than on the number of 
traffic lanes. This approach is more generally ap
plicable for the var iou·s lane and shoulder configu
rations that might be encountered. 

Although it is invisible to the user, the proce
dure contains another useful refinement that can 
readily be incorporated when the computations are 
performed by computer. Conventional stratified ran
dom sampling wil l occasionally pi;oduce sampling lo
cations that are quite close together, such as 
points 2 and 3 in Figure 1. This is undesirable from 
a practical standpoint because a second measurement 
made at nearly the same location usually provides 
little additional information about the population 
being sampled. This difficulty can be overcome by 
the use of modified stratified random sampling, dis
cussed in the previous section, which requires that 
all sampling locations be separated by a specified 
minimum distance. This is accomplished by completely 
discarding any unsuitable combination of locations 
and repeating the entire selection procedure. The 
program has been designed to do this and will de
fault to the conventional procedure only if the com
putation time becomes excessive. 

Sampling from irregularly shaped areas posed a 
somewhat more challenging problem. A method had to 
be found to uniquely define a wide variety of shapes 
and the computer program had to be capable of recog
nizing the shapes and dealing with them properly. As 
with the procedure for rectangular areas, it was 
still necessary that each unit of area have an equal 
chance of being sampled. Finally, some form of 
stratification was required to avoid the possibility 
that the samples might be clustered together in a 
relatively small area. 

It was decided to limit the shapes to those hav
ing straight sides (or those whose sides can be 
closely approximated by straight lines). By so do
ing, it is possible to uniquely define the shape by 
1 !sting the coordinates (station and offset) of its 
vertices in either clockwise or counterclockwise 
order. Another limitation is that the procedure is 
not designed to handle shapes that contain holes 
(areas within the figure that are not part of the 
item to be sampled). Holes can be accommodated 

either (a) by rerunning the program if any of the 
sample locations happen to fall within a hole or (b) 
by breaking the area into two or more parts that do 
not contain holes. 

The procedure for sampling an irregularly shaped 
area is conceptually quite simple. First, using the 
coordinates of the vertices, the maximum width and 
height of the figure are determined. On the basis of 
these overall dimensions, a suitable grid size is 
chosen and a grid system is superimposed on the fig
ure. Next, the grid system is scanned and all points 
falling within the figure are counted and their 
coordinates are stored in memory. Finally, the dis
crete stratified random-sampling procedure described 
earlier is applied to the population of internal 
grid points to determine the coordinates of the sam
pling locations. Like the procedure for rectangular 
areas, the separation between all sampling locations 
is checked and, if any are too close together, the 
complete sampling sequence is repeated. 

The procedure for determining whether any partic
ular grid point lies within the area to be sampled 
is tedious but relatively fast when performed by 
computer. From each individual grid point, the ver
tices of the figure are scanned in clockwise or 
counterclockwise order. The algebraic sum of the 
central angles swept out by this process is computed 
us ing the law of cosines. If the point lies within 
the figure, the total angle will be 360 degrees 1 
otherwise it will be zero. 

The input stage for this application is shown in 
Figure 12. 'rhis time, in response to the question, 
"is the area to be sampled rectangular?", the user 
has entered "no.• This causes a different series of 
input instructions to be printed out asking for the 
number of vertices, their coordinates, and the sam
ple size. Here again, the coordinates have been en
tered in the form 35 + 00, 41 but the program will 
accept several variations of this. 

Fi gure 13 s hows the output stage for this appli
cation. As before, the first items to be printed out 
are the lot identification and the random generator 
seed number. Next are the coordinates of the ver
tices and other pertinent information so that, if 
desired, the various computations can be checked. 
Like the previous example for a rectangular area, 
the station and offset for each sampling location 
are given to the nearest foot in the last two col
umns of the table. A plot of the random sampling lo
cations selected for this area is shown in Figure 14. 
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IMPLEMENTATION 

run areasamP 
EXECUTION BEGINS,,, 

ENTER PROJECT IDENTIFICATION <MAXIMUM 50 CHARACTERS> 
? 
route 234 -- lot 56 -- 3/30/84 

IS THE AREA TO BE SAMPLED RECTANGULAR 
1 
no 

ENTER NUMBER OF VERTICES (3 - 301 
'( 

4 

ENTER STATION AND OFFSET FOR EACH VERTEX ON A SEPARATE LINE 
<ENTER POINTS IN EITHER CLOCKWISE OR COUNTERCl .OCKWISE ORDER> 
·r 
:i5 ·I· oo. 41 
1 
35 + 06• 9 
·~ 
~·55 -I· 20. 5 
·r 
35 + 4(), 45 

ENTER NUMBER OF RANDOM SAMPLES TO DE 1AKEN <MAXIMUM 30) 
1' 
5 

FIGURE 12 Input stage for random sampling from a nonrectangular area. 

ROUTE 234 -- LOT 56 -- 3/30/84 

RANDOM GENERATOR SEED NUMBER 8697447 

COORDINATES OF VERTICES 

STATION OFFSET 
_ _ H _ _____ _ _ 

35 + o.o 41.00 
35 + 6.00 9 . 00 
35 + 20.00 5.00 
3S + 40.00 45.00 

NUMBER OF INTERNAL GRID POINTS 243 INITIAL GRID POINT 

GRID INCREMENTS 
STATION 2.00 
OFFSET 2,00 

RANDOM NUMBER • 0.2284 
GRID NUMBER = 56 
STATION a 35 + 25.00 
OFr-BE'I '" 1. B, 00 

SAMPLE 

2 
3 
4 

SUBLOT BOUNDARIES RANDOM 
<GRID NUMBERS) NUMBER 

--------------·--
56 - 103 0.3893 

104 - 151 o.7508 
152 - 200 0.9472 
201 - 6 0.7438 

7 _, 55 0.1489 

l>AMPLING LOCATIONS 
GRID ----·-----------

NUMBER STATION OFFSET 
--------

74 35 + 15 22 
140 35 + 7 32 
198 35 + 21 38 
237 35 + 35 42 

14 35 + 17 10 
FIGURE 13 Output stage for random sampling from a nonrectangular area. 
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At the time of this writing, the worksheet shown in 
Figure 2 and the interactive program have both re
ceived extensive use. Field personnel have experi
enced little difficulty in learning the new proce
dures and report a considerable savings in both time 

and effort. The worksheet has enabled field inspec
tors to quickly and easily determine which trucks 
arriving at the job site are to be sampled, With the 
aid of the interactive program, a series of core
sampling calculations that used to require a full 
day can now be done effortlessly in less than an 
hour-



152 Transportation Research Record 1034 

~;o + 

+ + + + + + + + + + + + + 
+ + + + + + + + 
+ + + 

40 + + + + + + + + + + + + + + 
+ + + + + + + + + (f) + +·+ 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + (f) + + + + + + + + + + 

I- 30 + + + + + + + + + + + + + + L4J 
(Jl + + + + + + + ,+ + + + + + Lo. 
Lo. + + + + + + + + + + + + + 
0 + + + + + + + + + + + + + 

+ + + + + + (f) + + + + + + 
2 0 + + + + + + + + + + + + + + 

+ + + + + + + + ' ~ + + + + 
+ + + + + + + + + + + + 
+ + + + + + + + + + + + 
+ + + + + + + + + + + 

10 + + + + + + +(f)+ + + + 
+ + + + + + + 
+ + + 
+ + + + + + + + 

0 +----+---------+---------+---------+---------+~-

35+00 35+10 35+20 35+30 35+40 
STATION 

FIGURE 14 Plot of random·sampling locations obtained in Figure 13. 
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