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THE STATISTICAL DISCRIMINATION BETWEEN COVERSAND AREAS 

IN THE NETHERLANDS 

R.D. CROMMELIN1 ) and M. KEULS2 ) 

ABSTRACT 

In 1968 Maarleveld published the results of a research 
of the coversand area in The Netherlands, based on geo­
morphological evidence and on the evaluation of macro­
scopical characteristics of the coversands mainly in the 
105-75 micron fraction, resulting in a subdivision into 29 
subareas. Each subarea could be described in terms of 
specified amounts (per mil values) of the three character­
istics: white, black and green grains. In this study the 
analytical results of these principal characteristics are con­
sidered in a mote objective way, in order to arrive at a 
numerical comparison for all possible pairs of subareas. For 
any pair this comparison may be expressed as the sample-size 
N required to detect a difference as large as the one stated 
between the respective sample means. The N-numbers -
which may be considered as difference- or similarity-coeffi­
cients have a practical significance in that they provide a 
measure for the discrimination between any pair of areas as 
to the characteristic in question: large N-numbers stand for a 
high degree of similarity, whereas small N-numbers mean that 
the areas under consideration are very different and conse­
quently may be distinguished with relative ease. The relation 
between the N-number and the statistical parameters of the 
characteristics- is discussed. A way is indicated how to arrive 
at defining areas such that they fit classes with a maximum 
contrast between the analytical data. 

INTRODUCTION 

In 1966 M a a r 1 e v e 1 d published a simple meth­
od to characterize sands by means of the proportions 
of variously coloured grains which may be deter­
mined with a binocular stereoscope. In a more recent 

1 ) Netherlands Soil Survey Institute, Wageningen. 

2 ) Department of Mathematics, Agricultural University, Wa­
geningen. 

article ( 1968) the same author applies this method to 
arrive at a detailed differentiation of the coversand 
formation in The Netherlands. For that purpose 
Maarleveld compared and systematized a great num­
ber of analyses referring to per mil-contents of white, 
black and green grains in the size fraction 105-7 5 
micron. The constituant "white" is subdivided into 
eight classes3 ) with per mil-limits ;;;. 120, 90-1 19, 
75-89, 60-74, 45-59 , 30-44, 16-29 and < 16. The 
constituants "black" and "green" are each subdivided 
into two classes with per mil-limits ;;;;. 4, < 4 resp. 
;;;.2,<2. 

For a good understanding of what follows it 
should be emphasized that as to grouping observa­
tions into classes, Maarleveld postulated the require­
ment that only the majority c;;;. 55%) instead of the 
total number of observations per characteristic should 
fit the stated class-intervals. 

A combination of three classes, one from each of 
the three kinds of coloured grains4 ) is defined as an 
association. It appeared that each of the 29 coversand 
areas distinguished by Maarleveld (Table 1) could be 
characterized by one of 15 mutually different associa­
tions; not every association is represented by an area, 
whereas one and the same association is sometimes 
characteristic for several areas. 

From Maarleveld's exposition it is apparent that 
the delimitation of the various areas has been a 

3 ) In Maarleveld's (1968) article called "groups''. The 
expression "classes" however is more in agreement with the 
concept of order in ranking. 

4 ) The definitions white, black and green are considered here 
as explicit properties of grains, not interpreted in a geological 
sense. In the text they are abbreviated as WH, BL and GR. 
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TABLE I 

Coversand areas in The Netherlands distinguished by Maarle­
veld (1968). n =sample size. 

I. Zeeuws-Vlaanderen n= 21 
2. Halsteren n= 10 
3. Woensdrecht n= 15 
4. Bosschenhoofd n= 12 
5. Wouw n= 15 
7. Rucphen n= ~9 
8. Made-Oss n= 34 
9. Teteringen-De Rips n=121 

10. Goirle-Venray n=143 
12. Westerhoven n= 38 
13. Heythuizen-Gennep n= 56 
14. Hom-Montfort n= 17 
16. Maas and Waal n= 10 
17. Ice-pushed ridges Utrecht-Veluwe n= 8 
18. Gelderse Vallei n= 65 
19. Zone bordering areas 17 and 18 n= 46 
20. IJ sseld unes n= 23 
21. Vorden-Dinx perlo n= 31 
22. Wesepe-Lich tenvoorde n= 42 
23. Raal te-Laren n= 33 
24. Enschede n= 15 
25. Den Ham-Goor n= 23 
26. Hengelo n= 35 
27. Dunes in Overijssel n= 14 
28. Berke! area n= 11 
30. Dinkel and Vecht area n= 28 
31. Drachten-Winschoten n=118 
32. Central Friesland n= 16 
33. Surhuizum-Assen n= 18 

compromise between field experience and analytical 
results; on the one hand the endeavour to create areas 
which are justifiable in a geomorphological sense, on 
the other hand the restriction imposed by the 
condition that for each area the association should be 
reasonably homogeneous with reference to certain 
predetermined limits. However it is evident from the 
context that in determining the limits of an area the 
geomorphological factor has played a greater part 
than have the analytical results and that the latter 
have only served to modify the limits of areas that 
already existed in conception from previous ex­
perience. 

OBJECTIVE 

Maarleveld's map reveals - as was expected - that 
the main trends of the characteristics can in broad 
outline be correlated with the geomorphology of the 
coversand formation. More specifically it may be 

asked in how far the mapped areas may be discrimi­
nated on the base of the coloured grains. This 
question concerns an important point of Maarleveld's 
research, for the researchworker whose purpose is 
surveying will not only be interested in the question 
as to which association his area belongs to, he will 
particularly be interested in the question in how far 
the stated association possesses discriminative power 
with respect to associations of surrounding areas. This 
aspect has not been discussed by Maarleveld and will 
now be considered further because it is illustrative for 
a frequently occurring and general problem in analo­
gous research viz. trying to find a scale for comparing 
and evaluating stated differences. 

Obviously those areas which belong to one and 
the same association, will be so similar that they are 
practically indistinguishable. Nor does the other 
extreme case, when the associations are widely 
divergent, cause any difficulty; they can readily be 
recognized from one another. But how is the situa­
tion in the intermediate cases - which are by far 
most frequent - viz. if the associations are more or 
less different and the areas moreover happen to be 
adjacent? This is precisely the situation the research­
worker has often to deal with. If field distinctives 
cannot be applied, the alternative is some laboratory­
method - in this case Maarleveld's method - in order 
to decide whether the neighbouring area is sufficient­
ly different qua association to consider it as a 
separate unity. Then obviously the question arises: 
what shall be understood by "sufficiently different"? 
How different should the associations of two areas 
be, so that the latter may easily be distinguished? In 
short, can the loose sense of the term different be 
quantitatively defined? The answer to such sort of 
questions is here given by expressing the comparison 
between each pair of areas in a number-scale. 

It must be remembered that the concept "associa­
tion" in the general sense used here above is too 
complex for our purpose. It may well serve to 
describe geological conditions but being related to the 
3 characteristics jointly, it would be difficult to 
handle statistically. The numbers in question are 
instead a function of statistical parameters (mean and 
variance) of each characteristic separately. Thus in 
connection with the classification problem to be 
discussed hereafter, it is the characteristics that will 
be considered, not the associations. 

In figures (la, b, c) the areas have been arranged 
according to decreasing mean per mil-value per 
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Fig. la, b, c 
"Difference-coefficient" -ma trices showing: 
a) sample-size N amply sufficient to distinguish (with a confidence of 90%) a real difference as large as the stated difference 

between the used samples. 
b) classifications as proposed by Maarleveld (1968). 

N-numbers shaded: difference is non-significant 
N-numbers not shaded: difference is significant 
N-encircled: N-numbcrs ~4 

code 9999: ~ 9999 
Sample mean of characteristic (X) and class-limit£ in °/oo-values. 
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Sample statistics for 28 coversand areas. 

10 ,, 12 0 , sample mean °/oo; o, standard deviation;---- , range. 



characteristic. The entries of the matrices5 ) give the 
sample size N amply sufficient to distinguish (with a 
confidence of 90%) a real difference in means as large 
as the stated difference between the used samples. 

The difference between any pair of areas ex­
pressed as requisite sample size may be taken as a sort 
of difference-coefficient and is a useful measure for 
the practice. 

If vital interests are involved and moreover the 
variable can be measured with great precision it may 
pay to take large samples in order to detect small but 
important differences; often however large samples 
will be prohibitive for reasons of practical and 
financial nature. This applies particularly to the 
present research; the worker in the field will only be 
interested if the magnitude of a difference is such 
that he can recognize it by comparing not more than 
a few cases. It seems reasonable therefore to consider 
about N = 4 as a maximum in this respect, so that for 
each characteristic the matrix was first subdivided 
into two groups: t:iJ < 4 and N > 4 with the inter­
pretation: "easily distinguishable" and "hardly or not 
distinguishable". 

The new expression N for the measured difference 
enables us at the same time to decide whether such a 
difference is significant, this being the case when the 
ratio of the applied sample size (nh) to about 1 /3 of the 
calculated sample size N is larger than unity. As equi­
valent to the applied sample size the harmonic mean of 
the sample sizes for each pair of areas used by Maarle­
veld was taken. For each characteristic a second 
matrix (not reproduced here) was now calculated 
with the above mentioned ratios as entries. N-num­
bers in the matrices of figures la, b, c are either 
significant or non-significant according as the cor­
responding entries in these second matrices were> 1 
or < 1.6 ) This consideration taken into account , a 
grouping of the N-numbers into 3 parts rather than 
into 2 parts (cf. fig . 1 a, b, c ), is suggested viz. 

1° N-numbers < 4 ; difference always significant. 
2° N-numbers from 5 to about 60 a 70; difference 

for the greater part significant. 
3° N-numbers larger than about 60 a 70; difference 

for the greater part non-significant. 

5 ) Area 17 with only 8 samples was left out of consideration, 
so each matrix has 28 X 27 /2 = 378 entries. 
6) For a statistical exposition of the above given line of 
thought see the Appendix. 
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Both the first and the second group represent 
pairs of areas of which in other words it can be said 
that the sample sizes used by Maarleveld were 
sufficient. The third group consists of combinations 
for which the used sample sizes were not sufficient to 
detect significant differences. Though the inter­
mediate group 2 is like group I characterized by 
combinations with significant differences, the N-num­
bers are for the greater part too large, which greatly 
reduces the practical importance of this group. 

Thus it is obviously the first group containing the 
pairs of areas that can be easily discriminated, which 
interests us directly. 

RESULTS 

Mutual comparison of fig. la, b, c reveals that the 
matrix for WH has much more small N-values than 
the matrices for BL and GR. This applies in particular 
to the numbers N < 4 of the first group. The reason 
of this difference in distribution becomes apparent 
from comparing the data of the mean and standard 
deviation. From fig. 2a, b, c it may be seen that 
though these parameters for BL and GR are both 
smaller than for WH, the coefficient of variation (the 
standard deviation expressed as percentage of the 
mean) is for BL and GR just larger, sometimes much 
larger than for WH. Thus the variability of BL and 
GR within areas is on an average larger than that for 
WH. However the variability between areas (cf. the 
farthest left column of each matrix) is on a relative 
scale approximately of the same order for each of the 
3 characteristics. As in the formula for N the 
whithin-area variability occurs as the variance ( a 2 ) in 
the numerator and the between-area variability stands 
in the denominator, it is easily seen that N is more 
often large for BL and GR than for WH. 

We have now to consider the relation between the 
grouping of N-numbers and the classification of the 
characteristics used by Maarleveld. The Class units 
subdivide the matrices in a number of triangles and 
rectangles - resp. classes and combinations of classes 
-. For what follows it is useful to introduce the 
notion of order and to distinguish oth' 1st , 2nd, .... 
order according as the difference between the classes 
to be compared amounts to 0, 1, 2, ..... classes . 

. of a suitable classification one may in general 
require that it has discriminative properties. This 
implies that the classes should be constructed such 
that members from one and the same class coth order) 
are so similar that they are hard to distinguish, those 
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from the ist order should be better distinguishable 
and so on. 

With reference to what was said above with regard 
to the original planning of the research it may be 
required more particularly that to start with the 1st 
order the difference should be appreciable and 
significant; if not the method is of no practical use. 

The matrices show that these conditions are 
poorly satisfied. Thus in the 1st order of fig. la (WH) 
only 15 significant numbers N < 4 occur on a total of 
125 entries. In the 2nd order the ratio is better 
(72/85) but only from the 3rd order all combinations 
are easily distinguishable. This means that with regard 
to differentiating areas it does not matter much 
whether 2 areas belong to the same class or to 
neighbouring classes, a result that contradicts the 
postulated relation between the classes. For BL and 

GR the ratio in the 1st order is larger but still the 
distinction between oth and 1st order is far from 
being evident. The total number of combinations 
N < 4 in the respective matrices is not only far less 
than is the case for WH, they are also more irregularly 
distributed (particularly for GR). This fact is mainly 
due to the larger within-area variance of these 
characteristics, the latter condition being moreover 
the cause that many areas cannot for all practical 
purposes be distinguished from any other area , 
regardless the distance between the respective means. 

The reason why successive classes generally fail to 
exhibit sufficient contrast is closely connected with 
the unfavourable ratio between a) within-area varian­
ces and b) differences between area-means. 

In the light of these facts the usefulness of the 
proposed classifications may well be questioned. The 
chosen intervals should in our opinion be taken only 
as a documentation serving to describe the areas in 
terms of the class-limits; not as an argument for that 
particular choice. 

In interpreting M a a r J eve J d's map (1968) the 
extra condition, which Maarleveld formulated with 
regard to fitt ing observations into classes (cf. Intro­
duction), should be kept in mind. Accordingly we 
find that actually the number of observations falling 
outside the stated intervals of the legend-units is quite 
often as musch as 30%--50%, in a single case even 
exceeding 50%, a fac t that of course seriously vitiates 
the discriminative power between the areas. 

CONCLUSIONS 

The question arises whether on the base of the 
given situation viz. if only the analytical results are 
considered there are indications that classifications 
with other class-limits would have been more ef­
fective. 

From fig . la (WH) it is indeed apparent that e.g. 
by taking limits at 100/oo, 20%0, 400/oo and 800/oo , 
more homogeneous blocks are produced, resulting in 
a classification with greater discriminative power. 
Such class-limits have moreover the advantage that 
they are characterized by equal ratios which, when 
working with proportions (counts) should be pre­

ferred to equal differences. With regard to BL and GR 
(fig. 1 b, c) it is harder to devise more suitable 
classifications owing to the rather irregular distribu­
tion of N < 4 numbers; yet the matrices suggest that 
additional limits in the neighbourhood of 1,700/oo for 
BL resp. 0,350/oo and 0,10%0 for GR would be 
effective in producing more homogeneous blocks. 

The large and unpredictable variability of cover­
sand over otherwise homogeneous geological unities 
inevitably leads to a sort of controversy in the 
approach of the classification problem: If the sur­
veying is based on external geological phenomena it 
may very well be that the resulting map unities show 
maximum distinction only in that respect but at the 
same time poor differentiation as to analytical pro­
perties. The alternative would be to try to create 
populations with maximum discrimination in ana­
lytical respect, but it remains to be seen whether 
deliminating such populations would lead to satisfac­
tory results for the geologist. 

However a compromise is conceavable between 
these extreme viewpoints. Prior to start with definite 
sampling a tentative investigation should be carried 
out to get an impression about the variability of 
means and variances to be expected in the research 
area. These estimates may then serve as a helpful 
guidance in determining areas such that they may be 
combined in classes with sufficient discriminative 
power, thereby taking care not to maintain areas 
which are too similar mutually or to their neighbours. 

For the research in question this would in several 
instances have implied combining smaller areas into 
larger unities. In doing so in a suitable way the 
difference between these large r unities generally 
increases, whereas the within-variance does not 
change appreciably . The result is a more significant 



difference (a smaller N). 
It is recognized that some loss of field evidence is 

probably unavoidable, but is is felt that this loss is 
compensated for, if we can realize a more effective 
use of the analytical data. 

ACKNOWLEDGEMENTS 

This study forms part of a research program 
sponsored by the Netherlands Organization for the 
Advancement of Pure Research (Z.W.O.). 

The first author in particular is indebted to Ir. 
Ph.Th. Stol of the Institute for Land and Water 
Management, Wageningen, for his cooperation and 
helpful advice during the initial stage of this work. 

The final programming and calculations were 
carried out by the Computing Centre of the Agri­
cultural University of Wageningen; the assistence of 
Dr.Ir. A.M.J . van Montfort is gratefully acknow­
ledged. 

The writers wish to thank Prof.Dr. G.C . Maarle­
veld for permission to make use of unpublished data. 

REFERENCES 

Maarleveld, G.C. (1966) - A simple method of characterizing 
sands. Tijdschr. Kon.Ned.Aardr.Gen. 83, 3, p. 272-277. 

-- (1968) - Voorlopige resultaten van dekzandonderzoek 
met de plakbandmethode. Boor en Spade 16, p. 38-65. 

Sokal, R.R. and P.H.A. Sneath (1963) - Principles of 
Numerical Taxonomy. W.H. Freeman and Co., San 
Francisco, 359 p. 

APPENDIX 

For two populations, numbered 1 and 2 we measure a 
variable~- The means ~ 1 and ~2, obtained from resp. n1 and 
n1 samples are supposed to be normally distributed with 
expectationsµ 1 and µ2 and variances o 2/n 1 and o2/n2 . 

For the difference d between the means we then have: 
- I I ~ 

~=~1-x2 == (µ1 - µ2)+ (/n,+ / n 2) ax 
Writingµ 1 - µ 2 = 6 for the expected difference and 
substituting the harmonic mean 

Ilh= ( . 5* c1/n1 +1/n2)r 1 

of the respective samples n 1 and n1, we have: 
2 ~ 

~ == 6 + ( /nh) o ~ (1) 

Thus it is expressed that ~ is a normally distributed 
stochastic variable with expectation 6 and standard devia­
tion 

-J2f;:;: O, ~being a standard normal variable (that is N 
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(0,1 ) - distributed, or normally distributed with expectation 
0 and standard deviation 1). Keeping to essentials, we shall 
in the following assume o to be known. 

We call the observed difference d significant, if it satisfies 
I di ~ Da , where Da is to be chosen such that in the 
absence of a real difference ( 6 = 0), the probability of the 
statement: ".£is significant" is at most 2a (does not exceed 
2a), which can be written: 

P [ l ~I ~ Da 16 = 0] = 2 a or after substitution of 

(l):P [ (2 /flh)~olxl> Da] = P[ IXl >Da/(2~2/nh)~] = 2a 

We also have 

P [ rx I > Xa:] = 2a, x a being found from a table of 
the standard normal distribution from which follows : 

Da=(2/flh)~oXa: (2) 

Now we call N ({3) a ({3-) sufficient sample size with respect 
to a real difference 6 , if the probability is at least {3 to 
obtain (in a sample of size N) a significant observation d. 

Taking 6> 0 we have: 

P[ l~ l>Da 16] = p [ 16+(2/N)~ {]~ l>Da] = 

=P[ 1~+15 1> Xa) >P[~+l5>Xa)= 

= P[~> Xa-15] where 15=6/(202/N)~ 
Putting P [~ > Xa - 15] = {3, we have Xa - 15 = Xf3. 

Moreover: P [ I~ I> Da 16 ] > P [ ~ > Xa: - 15] = {3, so that 

in this case N is a sufficient sample size with respect to 15. 

We also have Xa - X{3 = 15 = 6/(202 /N)~, from which fol­
lows: 

(3) 

Choosing a= 0,05 as a norm for "significant", {3 = 0,50 

for "sufficient" or {3 = 0,90 for " amply sufficient" we have: 

x .OS= 1.645, x .so = 0, X.10=1.280 

Nso is "sufficiently large", N9o is "amply sufficiently large" , 
where 

Nso is 202 / 6 2 * 1,6452 =5,41202/62 
(4) 

N9o is 202 / 6 2 * (1,645+1 ,280)2 =17,11202/ 6 2 

Nso/ N90 = 0,3163. 

With formula (3) we can also express the difference 6 by 
N 90, viz. that particular sample size which is amply sufficient 
to "distinguish" the difference 6 . This sample size may be 
regarded as a measure of the costs involved in procuring the 
samples. 

In the same way we can with formula (3) e_xpress the 
observed differenced in a new stochastic variable N: 

- 202 -
N = - 2 (Xa + Xi -{3 )2 (5) 

d 

N-values have been tabulated in figures la-c with a = 0,05 
and {3 = 0,90. The number N90 gives the sample size amply 
sufficient to distinguish a real difference 6 as large as the 
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observed difference. 
If on the basis of the new expression N for the observed 

(= measured) difference one wishes to decide if there is 
question of a significant difference, it may be observed (by 
substituting (5) and (2)) that: 

Id I > Da, if and only if: 

. . 
that is if nh > Nso = .3163 Ngo or in o ther words if 

the applied (harmonic mean) sample size nh is larger than 
Ngo , calculated from the observed difference. 




