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1. Introduction

In this chapter we discuss a program that generates probabilistic dialect maps and the
basic assumptions underlying it. Probabilistic dialect maps can be used to visualize dia-
lect differences inferred from isolated, geographically localized dialect observations.

Why would we want dialect data visualized by maps? Why not have them simply
grouped under relevant headings such as sound or form classes or geographical locations
into tables, lists or diagrams? Why not stay close to such data? The answer is, that
especially when dialect phenomena are abundant, it is virtually impossible to take in
their spatial distribution on the basis of lists, tables and diagrams alone. What we want
is to grasp the distribution of dialect differences in one single glance. This can be done
by visualization. However, not all visualizations are always close to the data. If we want
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our maps to both be close to the data and to reveal their information at a single glance,
this requires some ingenuity.

On some types of maps the visualization is minimal. Data from the tables, lists or
diagrams are projected as such onto the topographic map. One result is the so-called
item or point text map, on which the written dialect forms are noted per location, see
the Linguistic Atlas of Late Mediaeval English (LALME, see Chapter 11, section 5). A
step further towards visualization is a map on which a form of diagram is noted on the
map at the locations where they occur, as in the Historischer Südwestdeutscher Sprachat-
las (HSS), Berteloot (1984) and Goossens (1994: 85, 96). Although such maps may stay
very or relatively close to the data, they do not display their information at a single
glance. The maps usually abstract to some extent from data about the frequency of the
dialect material.

A more radical solution towards visualization is offered by the shaded surface maps,
as in Dees et al. (1980, 1987); cf. also Mooijaart (1992). Such maps may be seen as a
type of chorochromatic map. In approaches of this type, two disadvantages are taken
for granted:

(a) The boundaries of the shaded surfaces on these maps have usually been established
by a priori decision. As a consequence, these boundaries often fail to correspond to
any linguistic reality.

(b) The surfaces of the maps are evenly filled with shading with no distinction made
between locations where data have been found and those where no data have been
observed.

These maps are less reliable than the map type just discussed.
Somewhere between the surface maps and the point text maps, the so-called point

symbol maps can be located. Point symbol maps present one or more dialect forms at a
location as a dot. A good example are the maps in the LALME. When applied appropri-
ately (see Benskin 1991), they are both close to the data and highly satisfactory to the
eye.

The best solution for the presentation of the dialect data is, we think, the probabilistic
map. The probabilistic map can be seen as a type of choropleth map. A choropleth map
is a map in which degrees of shading or color indicate relative frequencies. Our maps
reconcile the two opposite requirements of showing the data at a single glance and stay-
ing close to the data. In addition, they neutralize noise in the data.

Dialect observations may concern either the past or the present. Those of the present
are usually more or less evenly spread over the geographical area, while those of the
past are usually not. In this chapter we provide examples of maps representing the area
of Flanders and the Netherlands.

The dialect observations from the past have been taken from the Corpus-Van Reenen-
Mulder (CRM, cf. van Reenen and Mulder 2000), a corpus of original fourteenth-century
charters in Middle Dutch which

(a) are geographically localized and
(b) mention the date on which they were written.

We assume that the language of such charters is representative of the language of the
locations at which they are localized and of the year they mention. The charters are from
the Netherlands and Flanders. Charters from the Frisian-speaking area are not included.
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Modern dialect observations are taken from the 613 dialects of the Goeman-Taelde-
man-van Reenen project (GTRP, van den Berg 2003; see also Chapter 9, section 4.6).
The data were collected between 1980 and 2003. The dialects have been chosen so that
they are more or less evenly spread over the dialect area. They cover the Netherlands,
including Frisian dialects from the Frisian-speaking area, and Flanders.

Since the number of dialect observations available is virtually always insufficient to
cover the geographic area in minute detail, producing the maps depends to some extent
on educated guesses about the distribution of the dialect features. In other words, we
need an extrapolation technique in order to extend single, localized and isolated dialect
observations to larger areas. The extrapolation technique which has been integrated into
the program covers the geographical space for every map with a fine grid of computed
values. The maps are then constructed on the basis of these grids of computed values.
The basic assumptions underlying the program are that

(a) an observed dialect feature is a witness to an influence from its environment and
(b) the amount of influence is inversely proportional to the distances of the points in

the grid from the witness involved.

Since a witness says more about its direct environment than about areas that lie further
away, its reliability decreases with distance. The feature value at each point in the grid
of computed values is calculated as the weighted average over all the witnesses and
influences of the weighting factors derived from the distances.

2. Three typical problems

2.1. Presence or absence o� in�ormation

One type of problem that occurs frequently, especially in historical linguistics, is that a
dialect feature is registered as present in some locations without there being any evidence
to confirm its absence from other locations. In other words, although the dialect feature
is not observed at a certain location, we cannot be certain that it does (or did) not exist
at that location.

A case in point is the dialect information derived from local-
ized medieval charters. These charters are usually distributed
unevenly over the geographical space. Locations without char-
ters do not provide any information, and locations from which
charters are available only do so sometimes. In addition, if the
charters at a location provide information, the more relevant
dialect information they contain, the more reliable this infor-
mation is. Map 2501 (in the maps volume) shows where the
approximately 3,000 fourteenth-century charters from the
CRM of Middle Dutch are from (as of 2003), the concentra-
tions in which they occur (per location) and the extent to which
they are spread unevenly across the geographical space.

The corpus contains many charters, especially from Holland to the southeast (brown
area). From the green areas, no charters were available in 2003, but for (the region

Map 2501
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around) Antwerp and in the southwest this has recently changed. No charters are avail-
able from the Frisian area in the north or the central area of the Veluwe. This is how
the map helps maintain a distinction between information (positive or negative) available
for locations at which charters have been found and absence of information � the loca-
tions without charters. The map thus illustrates the availability of information versus
lack of information type of problem.

2.2. In�erring transition areas

If dialect information is available, and it is of the yes/no-type, i.e., one of two dialect
features (or group of dialect features) is present, we are faced with a second type of
problem. As with the former problem, the locations at which relevant dialect observa-
tions are available may or may not be evenly distributed over the area. The problem is
that these observations need not be consistent; it is possible to have one or several in-
stances of yes and one or several nos at the same location, i.e., both the dialect feature
and its counterpart(s) may be present. In such cases, the required output is a map show-
ing the percentages of yes and no to be expected for the entire area. Dialect transition
zones between predominantly yes areas and predominantly no areas are usually of spe-
cial interest.

From the spellings in the CRM of Middle Dutch charters we can infer the pronuncia-
tion of the corresponding sounds. Since these spellings are not standardized � to a
certain extent, scribes used to spell according to their own ideas about pronunciation �

variations in spelling are observable not only between charters from different locations
and charters from the same location, but also within one and the same charter. For many
dialect features we and others have produced maps illustrating such dialect transitions in

medieval times, and we have done the same on the basis of
modern dialect observations from the GTRP. In this manner it
is possible to compare rather unequally distributed Middle
Dutch dialect features from the CRM to more equally distrib-
uted dialect features from modern dialects. Maps 2502 and
2503 show the example of the binary distributions of a versus
o in af ‘off’ in the CRM and the GTRP, Map 2504 shows the
distribution of a series of spelling variants of ‘saint’: sint, sent,
sant and sont or sunt (see the maps volume). The stripes in the
Frisian area have been added to these maps to indicate that no
charters are available from this area. As a consequence, color
patterns within this area are extrapolations from outside Frisia.

For other examples of such maps, see the SAND, van den Berg et al. (2006), van Bree
(2006), Coetzee and van Reenen (1995), De Wulf and van den Berg (2006), Goeman
(1998, 1999), Goeman, van Reenen and Wattel (1993), Goeman and Wattel (2006), van
Reenen (1994, 2006, 2007), van Reenen and Coetzee (1996), van Reenen and Jongkind
(2003, 2005), van Reenen and Mulder (2000, 2003), Rem (2003), Wattel (1989, 1990),
Wattel and van Reenen (1996), van Reenen, Rem and Wattel (2009).
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2.3. In�erring contour lines

A final type of problem involves real dialect observations made
at randomly distributed locations which do not sufficiently fill
a complete rectangular grid for contour lines to be constructed
from linear interpolations over the points in the grid. As a re-
sult, we have to rely on educated guesses � our extrapolation
technique � to plot the most probable courses of the contour
lines. In order to draw such lines, the original observations
should be extrapolated to fill a complete grid.

As an example we present Map 2505: the distribution of
West Germanic /u/ versus other vowels in the Netherlands and
Flanders in 16 words from the GTRP: bruin ‘brown’, buik
‘belly’, buiten ‘outside’, duif ‘pidgin’, duim ‘thumb’, duizend ‘thousand’, gebruiken ‘to
use’, huis ‘house’, kruipen ‘to creep’, muis ‘mouse’, ruit ‘pane’, sluiten ‘to close’, uit ‘out’,
vuil ‘dirty’, vuist ‘fist’ and zuigen ‘to suck’.

In order to produce Map 2505, it was first necessary to find the parameters of the
general shape best fitting the change from /u/ to the other vowels. Then the values at the
points of the grid could be extrapolated from the residual variation in the measurements.

3. The extrapolation procedure

In order to deal with the problems discussed above (randomly distributed locations,
missing data, etc.) an extrapolation procedure has to be adopted. The first step in this
procedure is to project each dialect observation onto its environment. The usual method
of doing this is called splashing. Splashing is what an artist does by throwing blobs of
paint onto his canvas from some distance. The color of the paint of a blob on the canvas
will be consistent throughout the whole blob, whereas the thickness of the blob will
diminish in inverse proportion to the distance from the point of impact. In our case the
point of impact is the location where the dialect observation was made.

By making a distinction between the value of a dialect observation (the color of the
blob) and the weight of the dialect observation (the thickness of the blob), the extrapola-
tion procedure calculates the influence of the value on its surroundings by diminishing
the weight over distance. In Figure 25.1, a result of the method applied to twelve obser-
vations (in black) can be seen. The weights are displayed as different shades of gray.
Figure 25.1 represents a rather trivial case. With other values, more interesting patterns
arise. For instance, with three basic types of observation to which the three primary
colors are assigned, the influences will mix to a full color picture with many shades, even
after only a limited number of observations.

In terms of the presence or absence of information problem (section 2.1), the splash-
ing is in itself sufficient to supply a reasonable map. To make an educated guess at the
place of occurrence of the object (the blob) we have to decide upon two things:

(a) the shape and scope of the splashing function � how exactly does the weighting
interplay with distance?

Map 2505
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Fig. 25.1: Splashing

(b) the threshold � since in splashing the weighting is a kind of probability, we have to
make a decision about the particular probability at which the boundary between
“occurring” and “not-occurring ” should be drawn. In Figure 25.1 the threshold we
have chosen is shown by a thin curve around the concentrations of observations.

In order to make the decision with respect to our splashing function, we follow usual
practice and use a Gaussian function e�x2, in which x � d/u, where the variable d is the
distance, and the parameter u is some unit distance of influence (which indicates at which
distance the influence should be diminished by a factor e, the base of the natural loga-
rithm). The shape of this Gaussian function can be seen in Figure 25.2A.

For each dialect feature at each location, the Gaussian function determines the influ-
ence as follows. At a distance of 5 kilometers from the location the influence has been
reduced to a value of 0.5. The area around the location for which the influence is greater
than one (see Figure 25.2A) is colored in the color of the location. For lesser influences,
the color is adapted proportionately.

To determine the unit value of u is a matter of experience and taste, and may depend
on the problem involved. If a reasonable number of observations is available, say more
than thirty, the influence of a value should still be valid in the neighboring observations,
but not much further away. The number of neighboring observations in a grid is usually



25. Probabilistic maps 501

--22
00

11

00..55

22--11..55 --11 --00..55 00 00..55 11 11..55

Fig. 25.2A: The Gaussian function

between four and eight. For each point, we take the distances to the eight nearest but
different locations, and calculate u as the mean value of all those distances. If there are
many observations, each with a considerable degree of observational error, it is advisable
to increase the value of u, e.g., to double the u of the previous estimate.

The threshold question does not arise with problem types 2 and 3 discussed in section
2, since we can use the different values of yes and no and work with weighted averages.
As an illustration, let v1, v2 and v3 be three observations. To infer a value at some point
p, we compute the three weights w1(p), w2 (p) and w3 (p), and then

v (p) �
v1 · w1 (p) � v2 · w2 (p) � v3 · w3 (p)

w1 (p) � w2 (p) � w3 (p)

In this way, the value v (p) is always situated somewhere in between the three observa-
tions. If one of the weights is much larger than the other two, the value of p will be close
to the value of that observation. It makes no difference whether a full range of possible
values is available or only a single yes or no. In the latter case the possible values of v (p)
will lie between 0 and 1, and are to be interpreted as the probability of a yes-outcome if
a single additional observation were made at p.

If we want to work with a single threshold, the most obvious choice is a value of 0.5.
If we need contour lines, any set of threshold values lying between the maximum and
the minimum and which reasonably fits within our expectations can be chosen.

4. Fitting trend �unctions

Sometimes the type of problem examined suggests a natural shape for its solution. For
instance, when a transition occurs between two different pronunciations, it is reasonable
to assume that the transition zone is broader at the border of a stable region and more
confined in an unstable region. (In the same manner, a change in pronunciation over
time usually starts slowly before speeding up and then slowing down once more; con-
siderable time will elapse before the last relics of the old form have disappeared com-
pletely.) In Map 2505, which shows such a transition in the southeast, the level lines
between the extreme colors and the colors in between are widely spaced, while the con-
tour lines of the middle colors are closer together.
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Fig. 25.2B: The logistic function

The general mathematical function for expressing transition behavior is the logistic
curve, the S-shaped displayed in Figure 25.2B. The formula involved is

Y �
1

1 � exp (�4 · s · (X � m))

In this formula, Y is the dependent variable and X the independent variable. The parame-
ter m is the value of X for which Y is halfway between the maximum and the minimum.
The parameter s is the slope at this middle value m, which also determines the size of
the transition region, e.g., between m � 1/s and m � 1/s we can expect to find probabilities
of between two and ninety-eight percent. In its original form, this curve is one-dimen-
sional, and in the form shown here it has a minimum of zero and a maximum of one so
that m defines the X at which Y � 1/2. In Figure 25.2B we have displayed this function
with an m of one and an s of one.

In order to use this function on maps, a two-dimensional transition is needed. In that
case, the middle value is not reached at a single m, but along an entire contour curve.
In the simplest case, this curve is a straight line, indicating the middle of the transition
region, e.g., in Map 2505 the middle line would run from Zuid-Limburg (Maastricht) in
the southeast to Delfzijl (east of Groningen) in the northeast.

The standard procedure in such a case is as follows.

1. Determine which two-dimensional logistic function is as close a match as possible to
the observations. This implies computing values for
(a) the parameter s and
(b) the position of the middle line corresponding to m.

2. As a criterion for “closeness”, the “least squares” approach can be used. This ap-
proach involves minimizing the sum of the squares of the differences between the
logistic trend function and the observations.

3. Subtract the computed value of the logistic function from the observations.
4. Apply the splashing procedure to the set of differences and use it to construct a

complete grid for the logistic function deviations.
5. Estimate a value for every point in the grid by adding the value of the logistic function

at each point to the deviation value from step 4.

The resulting map has the logistic function as its mean behavior (splashing without a
function has the flat linear function as its general trend).
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5. E��icacy

Although the main aim of the techniques described in the previous sections is to visualize
trends on maps, these techniques can also be used to check the internal consistency of
the generated maps by determining the error intervals on them. This may be useful
depending on the map’s purpose. If the reliability of the information on a map has
crucial implications, a second map may be constructed based upon standard deviations
from the witnesses and their weightings by splashing. This allows us to deduce at which
points the results shown on the first map are close to exact, and at which they are simply
the product of educated guesses. The approach is as follows.

1. Compute the value of each observation location as if it were a point on the grid, but
do not use the value of the observation itself in this computation.

2. Take the square of the difference between the observed and computed values, and
treat this difference as a witness for the variance. As a weighting we use one; although
it would be better to use the sum of the weightings used to derive the computed value,
the difference is negligible.

3. Take the weighted average over all variances found in this way, and consider that to
be the variance of the map. The standard deviation can then be calculated by finding
the square root of the variance.

In this approach, it makes no difference for which of the three problem types (see section
2) the deviations are computed. For instance, 0�1 information can be very easily com-
pared with probabilities of occurrence.

The extrapolation methods described here have also demonstrated their usefulness
outside of dialectology, see Wattel (1989) and Wattel and van Reenen (1996).
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AA mm ss tt ee rr dd aa mm

UU tt rr ee cc hh tt

AA rr nn hh ee mm

TT hh ee   HH aa gg uu ee

RR oo tt tt ee rr dd aa mm

AA nn tt ww ee rr pp

BB rr uu ss ss ee ll ss LL ee uu vv ee nn

GG hh ee nn tt

MM ii dd dd ee ll bb uu rr gg

BB rr uu gg ee ss

MM aa aa ss tt rr ii cc hh tt

GG rr oo nn ii nn gg ee nn

HH aa ss ss ee ll tt

ZZ ww oo ll ll ee

HH ee rr tt oo gg ee nn bb oo ss cc hh

Map 2501: Geographical distribution of the fourteenth-century Middle Dutch charters of the CRM (as
of 2003). Brown indicates high frequency, and green low frequency.
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Map 2502: Spelling variants o (brown) and a (green) in af ‘off’ in the fourteenth-century Middle Dutch
charters of the CRM.



Chapters 20, 25 2503�2504

AA mm ss tt ee rr dd aa mm

UU tt rr ee cc hh tt

AA rr nn hh ee mm

TT hh ee   HH aa gg uu ee

RR oo tt tt ee rr dd aa mm

AA nn tt ww ee rr pp

BB rr uu ss ss ee ll ss LL ee uu vv ee nn

GG hh ee nn tt

MM ii dd dd ee ll bb uu rr gg

BB rr uu gg ee ss

MM aa aa ss tt rr ii cc hh tt

GG rr oo nn ii nn gg ee nn

HH aa ss ss ee ll tt

ZZ ww oo ll ll ee

HH ee rr tt oo gg ee nn bb oo ss cc hh

Map 2503: Sound variants of [o] (brown) and [a] (green) in af ‘off’ in the Modern Dutch dialects of
the GTRP

AA mm ss tt ee rr dd aa mm

UU tt rr ee cc hh tt

AA rr nn hh ee mm

TT hh ee   HH aa gg uu ee

RR oo tt tt ee rr dd aa mm

AA nn tt ww ee rr pp

BB rr uu ss ss ee ll ss LL ee uu vv ee nn

GG hh ee nn tt

MM ii dd dd ee ll bb uu rr gg

BB rr uu gg ee ss

MM aa aa ss tt rr ii cc hh tt

GG rr oo nn ii nn gg ee nn

HH aa ss ss ee ll tt

ZZ ww oo ll ll ee

HH ee rr tt oo gg ee nn bb oo ss cc hh

Map 2504: Spelling variants of ‘saint’ � sint (orange), sent (yellow), sant (red) and sont or sunt (brown) �
in the fourteenth-century Middle Dutch charters of the CRM. Transition zones are shown
in green.



Chapters 20, 25 2505

AA mm ss tt ee rr dd aa mm

UU tt rr ee cc hh tt

AA rr nn hh ee mm

TT hh ee   HH aa gg uu ee

RR oo tt tt ee rr dd aa mm

AA nn tt ww ee rr pp

BB rr uu ss ss ee ll ss LL ee uu vv ee nn

GG hh ee nn tt

MM ii dd dd ee ll bb uu rr gg

BB rr uu gg ee ss

MM aa aa ss tt rr ii cc hh tt

GG rr oo nn ii nn gg ee nn

HH aa ss ss ee ll tt

ZZ ww oo ll ll ee

HH ee rr tt oo gg ee nn bb oo ss cc hh

Map 2505: Geographical distribution of West Germanic /u/ in 16 words in the Modern Dutch dialects of the
GTRP, plus the line of best fit for the transition zone between /u/ and other sounds. Brown repre-
sents /u/ in 88�100 % of the 16 words, dark green 0�12 %. The other colors represent transition
areas: purple 73�87 %, red 58�72 %, orange 43�57 %, yellow 28�42 % and green 13�27 %. The
settlements from which the dialect observations were collected are also shown.




