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DIALECTOMETRY ANALYSES OF BERBER LEXIS *!
Mena Lafkioui
Universita di Milano-Bicocca — Ghent University

1. Introduction to methods in dialectometry

Dialectometry is a quantitative methodology for ccdditing linguistic
distances between linguistic varieties. The mosequdently used
dialectometry methods can be divided into the categ of traditional and
computational methods.

The most well-known traditional approaches are éhbased on the
concept of isogloss, which is a line that bisectgeagraphic map into
separate zones according to the detected linguit@mtures. The
classification of the varieties is deducted frome tlarrangement of
isoglosses, clusters of isoglosses (Goossens Dd@Q)sters of demarcative
isoglosses (Stankiewicz 1957; Garde 1961; Lafkfotthcoming 2) on the
geolinguistic map. Although this method allows for verification ofeth
visualised facts, it has several disadvantagefjdimg the difficulty to find
clusters of isoglosses that precisely divide theligguistic area examined
(Kessler 1995; Chambers & Trudgill 1998).

Another traditional technique is the geolinguistitucturing method
which divides a geographic area depending on tiguistic structure of its
varieties (Moulton 1960; Goossens 1965, among s}hdfor instance,
varieties with the same phonemic system are pathheosame geolinguistic
group. However, classifications based on this ngthere mainly

! This article reflects, in large part, the conteftafkioui (forthcoming 3).

2 There also exist differenperceptual approachethat permit to draw sociolinguistic
borders based on the speaker’s “dialectal conselgiWeeijnen 1946, 1966; Rensink 1955;
Daan & Blok 1969; Gooskens 1997, 2002; among others

® The qualifying term “demarcative”, added to themeoon dialectology criterion of
“isogloss clusters” (Goossens: 1969, 54), refershto structural value of the isoglosses
relating to the material aspect of the phenomenaels as to their relative distribution
(direction and density). Thus, not only the quaitte dimension (number) of isoglosses is
relevant to the typology of classification, butcathe qualitative aspect, i.e. their degree of
importance. However, non-demarcative isoglosses atsybe of great significance for the
classification, especially when they allow an ewséibn of the results. On the relationship
between “structuralism” and “dialectology”, see et (1956), Weinreich (1954), Grosse
(1960) and Martinet (1972), among others.

* A significant critique on this method is that iarmot completely exclude some
subjectivity because isoglosses might be chospripd, according to the linguistic borders
they yield (Goossens 1977).
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phonological and therefore lack an interpretatiasi$ that is connected to
other linguistic dimensions.

The computational dialectometry methods are nunseramd are
currently considered most adequate for reasondi explain later on in this
article. The foundations of digital automated dtébenetry were established
by Séguy (1973) with his analytical method to chdtai the linguistic
differences between varieties of Gascogne. The adsgn is based on an
algorithm which classifies data as identical or4mentical. The sum of the
measured distances between two varieties matckeeslitiguistic distance.
The visualisation of the classification analysisamducted through lines of
various types (bold/non bold, dotted/non dotted,)etwhich divide the
region according to the linguistic differences dfetvarieties. As a
counterpart, Goeble (1982, 1993) has calculatedsitméarities between
varieties from Italy and Southern Switzerland. Evlkeough the results of
the calculation of Séguy and Goeble have the mébieing objective, they
lack refinement because their technique excludgamlie graduation.

The main computational methods based on the frexyueh linguistic
variants are the “Corpus Frequency Method” (Hoppembers &
Hoppenbrouwers 1988, 2001) and the “Frequency perdWMethod”
(Nerbonne & Heeringa 1998, 2001). The basic priecipf the first
approach is that the degree of difference/simydrgtween two varieties is
derived from comparing the frequency of the markeduistic features of
their variants. The problem in this approach ig tha entity “word” is not
considered as a linguistic unit. However, this abl& is removed by the
second approach which assigns to words the statusits” functioning as
such. Nevertheless, the two classification toolsidbtake into account the
order of the phonic units in the sequence.

The “Levenshtein distance” (Lv), on the other haadthws incorporating
the parameter of sequential ordering of phonicsumtthe classification,
which makes it more appropriate than other digitatierical methods. This
tool has been introduced in dialectometry by Kes§l®95), who has
applied it to a corpus of Irish Gaelic. The Levdpsgh distance measure
corresponds to the numerical value of the lowesdt aof operations
(insertions, deletions and substitutions) neededcdavert a string of
characters into another (Kruskal 1999). One of thest employed
techniques of comparison is the “phone string campa”’ in which all
operations have the same cost, regardless of grea®f affinity between

® Although the frequency of the compared variantsken into account (Kocks 1970), this
approach does not seem to be the most appropHatxiaga 2004: 24-25).
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the phonic units: the pair [t, d] has the same aeghe pair [u, t] and [u;]u
Yet, with the technique of “feature string compan’sphonetic features of
phonic units can be compared: the cost of the pé@irs t] and
[u, u] is not equal because the phonetic affinity betwis® phonic units of
[u, u] is greater than that of [u, t].

2. Dialectometry analyses of Berber lexis

Among the different existing dialectometry approessh | prefer the
computational methods because they allow handéirgel data corpora with
certain ease, while ensuring the accuracy and stemgly of the analyses.
These aims can be achieved thanks to the fact that

— Distances and frequencies are measured automsticall

— Data are classified digitally.

— Mapping can be assisted by the computer.

— Statistical analyses can be made and displayedmaititally.

The dialectometry analyses that | present in thisla were performed
with the free software of Kleiweg (RuG/LO%)In order to complete a
displayed dialectometry analysis, all the proceldstieps summarised below
are indispensable (Lafkioui forthcoming 1):

Table 1: General procedure of computational dialeametry analysis

Step 1 Linguistic Atlas = georeferenced data source
Step 2 Data Matrix

Step 3 Distance Matrix

Step 4 Analysis

Step 5 Visualisation

® Http://odur.let.rug.nl/~kleiweg/L04.
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2.1. The Linguistic Atlas of the Rif as a data sowe

The RIif is that region of North Morocco stretchifigm the Strait of
Gibraltar in the West to the Algerian frontier imet East. The Rif-Berber
varieties (Tarifit) belong to the northern Berbanduages and thus are part
of the large Afro-Asiatic language phylum. The Barspeaking area of the
Rif is delimited:

- In the West, by the varieties of the Ktama triltbe (so-called
Senhaja varieties).

- In the South, by the koine of Gersif, which is thkimate
geographic point where Rif-Berber (Tarifit) is spok before
reaching the corridor of Taza.

- In the East, by the varieties of Iznasen, whichehspread to the
regions of Arabic speaking varieties to the Moreédgerian
border.

The lexical data which are compared and classiiiredhis study are
collected from theAtlas linguistique des variétés berbéeres du Riafkioui
2007) or ALR. The digital data corpus consists oftystwo lexemes
regarding the human body (maps 295 to 315), kingmaps 316 to 321
cards), animals (maps 322 to 327), colours (ma@s 8l 329), numbers
(maps 330 to 332), besides a subset of variousshanih verbs (maps 333 to
356). Of these lexemes, eleven have only one ap@nvariety; all fifty-
one other lexemes display the co-occurrence ofiphelivariants for each
lexeme.

Due to the completion of the automated ALR, theadditained from it
are already in digital format, which has avoidedraat task of digitising.
However, an adaptive conversion to the software /ROG (Kleiweg) was
necessary. The ALR also offers a precise digitgh wiathe Rif region (see
Figure 1), which is essential to the visualisatioh the dialectometry
analyses, except for the dendrogram.
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Figure 1: Map of the georeferenced survey points dhe Rif (Lafkioui 2007)

One hundred forty-one georeferenced points — beigntp thirty-two Rif
tribes — were selected from a group of four hundiigtwo localities in
the Rif according to their degree of linguisticiasion (Lafkioui 2007’

" The survey points were selected on the basiseoptimciple of equidistance dividing the
inquiry field into several grids to which were agstd points that could match with
localities on the field. The greater the variatigas, the more the grids were reduced. The
four hundred fifty-two locations selected for thésearch were for the most part chosen so
that they could, a priori, indicate linguistic berd. This selection mainly stemmed from
the scientific and empirical knowledge of the irtigator on the different varieties spoken
in the Rif area.
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2.2. Data matrix of Rif-Berber lexis

The data matrix is composed of digital lexical epte from the ALR
(Lafkioui 2007) converted following the format diet software RuG/L04
(Kleiweg). Here below, a small sample in digitalrmf@t of the ALR
(Mapinfo Professional format; Table 2) and in tédatmat of RuG/L04

(Table 3) are given:

Table 2: Data excerpt in digital format of ALR

[sEcToi] TRIBE [ FuLL_namE_np [LFa61 [LF462 | LF463 | LFa64]LF465 | LFa66 [ LFa67 [ LFa68 [LFas9 [LFa70]
1 Ktama Asammer # = 52 [z |sa [m |3z |z [sz sz
1 Ktama Lmexzen M |= |52 |3z |54 [: |3z |m [ =z
1 Ktama Ssahel M= |52 |32 |54 [m [z |z |3 =z
2 Taghzut Laela #M |s¢ |52 [az [s4 [ [ [ [s¢ sz
2 Taghzut Ssanya # o |s¢ 52 [z [sa [m |ma |z [s¢ sz
3 At Bucibet Tarya #H |54 |52 |3z |54 [: |3z | [s¢ =z
4 Syt Hmed Mazuz M= |52 |32 |54 [m [z |z [s¢ =z
5 Syt Burisar Luta #M |32 |52 |32z [s4 [m Jaz [z [=1 sz
& st Bicir Tizirt # = 52 [z sz [m | |m ;1 sz
7 Zerget Aghennuy #H |32 |52 |3z sz [m (a3 w0 s =z
7 Zerget Wiersan #M |32 |52 |32z sz [:t (a3 |m = =z
8 St Mernus A'raben #M |32 |52 |32z [s4 [m Jaz [mm [s3 =2
g St Seddat azila # |32 |52 |2 [sa [m |3z |z [s3 sz
a syt Seddat Tamadda #M |32 |52 |3z s [: |3z |m [ =z
8, Syt Gl Azry ntil 53 [s3 |53 |32z s [s¢ =m0 |s2 [s3 =3
8, Syt Gl Tizi 53 |s3 |53 |3z s [s¢ =m0 [s2 [s3 =3
B Ayt Bufrah Igzennayen a3 32 52 32 =1 13 31 52 23 52
B St Bufrah Iharunen 53 |3z |52 |3z s [13 =m0 |sz [sm =z
C Targist syt 'bzza s [s2 |53 [s3 s [12 |53 |s2 [s3 =3
o St Mezduy Bini Budjay 53 |s3 |53 |3z s [s¢ =m0 [s2 [s3 =3
D Syt Mezduy Budi 53 |32 |52 |2 =t [m =m0 |s2 [s3 sz
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Table 3: Data excerpt in text format of RuG/L04

: Asammer : Wersan : Budi

- agnin - agnin - agenni

: Lmexzen : A'raben : Aghir Hmed
-aqgnin - agnin - agenni

: Ssahel : Azila : Asammar
-agnin - agnin - agenni
:Lgel'a : Tamadda : Ayt Hmed
-aqgnin - agnin - agenni

: Ssagya : Azru n tili . Sidi Bucetta
- agnin - agenni - agenni

: Tarya : Tizi : Tazrut

- agnin - agenni - agenni

: Mazuz : lgzennayen : Ufis

- agnin - agenni - agenni

. Luta : Iharunen : Wad Mahkim
-aqgnin - agenni - agenni

: Tizirt : Ayt 'Azza : L'ars

-aqgnin - agnenniy - agenni

: Aghennuy : Bni Budjay : Tufist-Imuruten
-aqgnin - agenni - agenni

2.3. Distance matrix of Rif-Berber lexis

This section contrasts the three most employed taligtcomparison
techniques: the Binary distance (Hamming algoriththe Gewichteter
Identitatswert distance (Weighted identity valuepd the Levenshtein
distance. | will apply these techniques on the Bifber lexical corpus to
test their validity and to select the most appraterto Berber. Each distance
measuring allows acquiring precise numerical valdesived from the
linguistic comparison between the varieties of Rié area. These values
make up the distance matrices (symmetric matrices N, N= sum of
varieties), whose configuration differs dependinglre adopted algorithm.

2.3.1. Binary distance

The Binary distance (Bin) is used to classify lekignits as being identical
or non-identical: comparison of type 0-1; 0= reskmbe and 1= difference.
Table 4 presents an excerpt from the Binary digtanatrix of the lexeme
"heel" (ALR, map 312):
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Table 4: Excerpt from the Binary distance matrix ofthe lexeme "heel"

Tizirt |Aghennuy "w'ersan |A'raben ‘Azila |Tamadda |Azru i tili ‘Tizi |
Werzan 1] 0 1] 1] 0 1] 1 1
H'raben 1] ] ] 1] ] 1] 1 1
Bzila 0 0 1] 0 0 0 1 1
Tamadda |0 0 0 0 0 0 1 1
dzuntii |1 1 1 1 1 1 0 0
Tizi 1 1 1 1 1 1 0 1]
lgzennayen |1 1 1 1 1 1 0 I
Iharunen 1 1 1 1 1 1 I I
byt 'bzza (1 1 1 1 1 1 1 1

2.3.2. Gewichteter Identitatswert distance

The Gewichteter Identitatswert distance (GIW) d&safrom the Binary
distance in that the frequency of the lexical vaisais considered in the
comparison: low-frequency variants weigh heavieantthigh-frequency
variants. The distance obtained by this technicarees between 0 and 1; {0
< d< 1}. Table 5 presents an extract from the distana&ix of the lexeme
“heel”

Table 5: Excerpt from the GIW distance matrix of the lexeme “heel”

Tizit |.-’-‘-.ghennuy |Wersan ‘.ﬂ\'raben ‘.-’-‘-.Zila ‘Tamadda |.~'—\2[u il |Ti2i |
Werzan 00501792 0.0501732 |0 0.0501792 |0.0601792 00501792 |1 1
&'raben 00aM792  0.05M792 0.05M1732 0 00sM792 00801792 1 1
&zila 00&aM792 00501792 0.0501732 00801792 O 00smysz 1 1
Tamadda |0.0501792 0.0501792 |0.0801792 00801792 00501732 O 1 1
szuntl |1 1 1 1 1 1 1] 0215054
Tizi 1 1 1 1 1 1 0215054 O
|gzennayen |1 1 1 1 1 1 0215054 0215054
[hamnen |1 1 1 1 1 1 0215054 0215054
Byt 'hzza |1 1 1 1 1 1 1 1




Mena Lafkioui (Unimib, Ugent)
FOLIA ORIENTALIA, VOL. 44, 2008: 71-88

2.3.3. Levenshtein distance
The distance values resulting from a Levenshtegsethiacomparison — an
algorithm taking into account the sequential ordgr phonic units

composing lexemes — fluctuate between 0 and ¥ < 1}, as shown in
the following excerpt:

Table 6: Excerpt from the Lv distance matrix of thelexeme “heel”

Tizirt |Aghennuy |Wersan ‘A'raben |Azila |Tamadda |Azru il ‘Tizi |

Wwersan 0 0 0 0 ] ] 06 06

H'raben 0 . o 0 0 o o 0.6 0g

&zila 1] a 0 0 a a 0.6 0.6
Tamadda [0 a 0 0 a a 0.& 0&

dziuntli - |0B 0E 0.6 0& 0E 0E 0 0

Tizi nEe 0E 0.& 0& 0E 0E 0 0
lgzennayen (0.6 Qe 0.6 0.6 e Qe 0 0

lharunen  |0LE 0E 0.5 0& 0E 0E 0 0

Ayt haza 0.556556 0665556 D.55555E 0.556656 0.566556 0566656 01111 0111111

These values result from the selection of the leastly calculation to
transform a lexical unit — as a string of phoni@sir into another. Table 7
depicts the lowest cost of operations which allowdifying the string

awrez(heel) intoinerz (heel):

Table 7: Cost of operations allowing modification bawrez into inerz (heel)

a W r e z
0 0.5 1 15 2 2.5
[ 0.5 1 15 2 2.5 3
n 1 1.5 2 2.5 3 3.5
e 15 2 2.5 3 2.5 3
r 2 2.5 3 2.5 3 3.5
z 2.5 3 3.5 3 3.5 3

The lowest cost of operations amendavgezinto inerzis 3, which implies
that the distance between these two lexemes i€633Bing the total number
of features); consequently, the Levenshtein digtamc 60%. These
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calculations are based on operations that cogb0&n insertion or deletion
and 1 for a substitution. Table 8 illustrates tagulation technique:

Table 8 : Example of calculation of Lv distance fomodifying awrez into inerz (heel)

Tamadda a w r e Z
Tizi i n e r Z
Lv Distance |1 1 05 |0 05| 0 [3/5*%100=60%

2.4. Numerical dialectometry analyses of Rif-Berbelexis

From the distance matrices, numerical comparainatyaes of Berber lexis
can be accomplished through two techniqu&uster Analysisand
Multidimensional scalingThe technique of Cluster Analysis (CA) consists
of regrouping data by reducing the distance mabgxmeans of various
algorithms. According to Kleiweg (RuG/L04), | hawmplemented the
Ward algorithm (minimum variance), which is gengraégarded as one of
the most appropriate algorithms for this type dlgsis. On the other hand,
multidimensional scaling (MDS) is:
“[...] a technique that, using a table of differesctries to position a set of elements
into some space, such that the relative distancebhdt space between all elements
corresponds as close as possible to those in thie @f differences.” (Kleiweg,
RuG/L04).

2.5. Visualisation of dialectometry analyses of RiBerber lexis

Classification by clustering (CA) necessarily useslendrogram for its
display. A dendrogram is a complex ranking strugtursually in colour,
whose branches represent the linguistic varietiesan be matched with a
digital map, resulting in a geolinguistic map tishbws the distribution of
linguistic varieties depending on the linguisti¢feliences and the selected
classification criteria. In contrast, analyses bylf\dimensional Scaling
(MDS) directly offer maps on which the relative dinstic variation is
gradually represented by different colours.

2.5.1. Visualisation and interpretation of the CA aalyses

The hierarchical structure of the dendrogram and torresponding
varieties’ distribution on the Rif map vary sigedntly depending on the
distance algorithm (Bin, GIW or Lv) applied. Thuke outcome of the
Binary distance comparison (Figure 2) is a confijon consisting of seven
main groups, clustered into two subgroups: the mgutgroup containing

10
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groups 6 and 7 and the major subgroup containimypy 1 to 5; the
distance between these two subgroups is 16.17. dlstance value
indicates a relatively high linguistic boundary eaftgroup 7, which is
delimited on the right by the varieties of Ayt Waghel and Ayt ‘Ammart.
The major subgroup shows a rather balanced submhvid = 9.34) between
groups 4 and 5 (variety of Targist included) andugss 1 to 3, which have
also been subdivided. The second important linguisbrder therefore
coincides with the bordering varieties of groupfgkennayen) and 5 (Ayt
S’id and Ayt Tuzin).

Figure 2: Dendrogram vs. CA Map - Bin — All lexis

The classification based on the GIW algorithm djesr considerably from
that based on the Bin algorithm, because it leada set of five clusters
(Figure 3), of which cluster 1 includes the substdus 1, 2 and 4 of the Bin
classification (Figure 2). However, the main lingjia boundary detected
through GIW — boundary drawn after the varietieslabter 5 — is identical
to the one that emerged from the Bin dendrograrthodigh, the distance
between the two major sub-clusters is lower for Gi¥w = 10.87) than
for Bin (dgi, = 16.17). This difference can be explained byitibegration of
the frequency parameter in the comparison.

11
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Figure 3: Dendrogram vs. CA Map - GIW — All lexis

The lexis classification obtained through Lv distarcorresponds with an
asymmetrical configuration of 7 clusters which ameictured into 2 major
clusters distanced from one another by 8.08 (Figlike The matching

dendrogram shares the same linguistic main delilitgbetween groups 6
and 3-4) with the other dendrograms. This obsewmais corroborated by
the CA, maps displayed in Figure 5, of which the 2-clustexp clearly

indicates the most distinctive linguistic bounddtys important to note that
the CA, map (Figure 4) shows a distribution of the vargtemilar to the

CAgjn distribution, even though the composition of theaspective

dendrogram is divergent.

12
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Figure 4: Dendrogram vs. CA Map - Lv — All lexis

13
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2.5.2. Visualisation and interpretation of the MDSanalyses

The MDS technigue has the major advantage of emgwbjectivity and
accuracy during the analysis stage of the matebietswuse it excludes any
external parametering. For example, the number lo$ters cannot be
changed because the analysis system providesoitnatitally. Each variety
has its own colour. The colour contrasts are ueddterpret the compared
linguistic data: a colour continuity points to arfeet correlation between
lexemes, while a colour mosaic reveals a low cati@h between them.

The Rif region is divided into 7 major areas, religss of the distance
measuring applied (Figure 6). The distribution lué warieties on the MDS
maps is almost similar to Bin and GIW; only a fevinar differences in
shades of certain colours were observed. The \MDfap closely resembles
the other two; the only significant distinction ebged is the emergence of a
small subdivision inside the group of Western viaage

Figure 6: MDS,, map — All lexis

14
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3. Contrastive results

Because of its accuracy, the MDS method is mostrompjate for
dialectometry analysis of Berber lexis. Accordingily forms a yardstick
against which other dialectometry methods can bdrasted. Among the
Cluster Analyses classifications (CA), &MA and CA, join best the
distribution maps displayed by MDS (7 groups). Mwer, the CA,
classification shows a further refinement becatigakies into account the
phonic variation of the units as much as theirrageament in the lexemes.
However, any analysis based on Lv distance (CA et ag MDS) ignores
the existence of the hierarchy between the phonits phonetic units=
phonemic units), unless various weights are gramtedhem through a
specific parametring. This method implies the camion of a
phonological system within the software, involviagtime and energy-
consuming effort that is much too expensive conpawats profits.

Figure 7: CA., vs. MDS, vs. CAC, maps

CA Lv

M DSLV CAC Lv

15
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The Cluster Analysis classification has the beneffiprecisely indicating
significant linguistic boundaries. The CAC maps rfpmsite Cluster map;
Figures 7 and 8) designate these boundaries bylidask Compared to the
distinctive boundaries drawn by the dendrograms@#Adnaps of Figures 2
to 5, the principal linguistic delimitation of theAC map of Figure 7 is
drawn further to the West. It is important, neveléiss, to note that the CAC
maps do not seem suitable to display the classtitaf Rif-Berber lexis
because of the difficulty of interpreting the dadag to their rather chaotic
representation (Figure 8).

Figure 8: CAC — Bin vs. GIW vs. Lv maps — All lexis

SR

GIW Lv

® Kleiweg (RuG/L04) offers some alternatives to Wvard algorithm which seems to be
causing visual disorder by which Gf maps are mostly affected.

16
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