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Abstract

Gabmap’ is a web application aimed especially to faciitagxplorations in quantitative
dialectology — or dialectometry — by enabling resbars in dialectology to conduct computer-
supported explorations and calculations even ify thave relatively little computational expertise.
Gabmap creates various views of dialect data, fnstograms of characters used to spot coding errors
to alignments of phonetic transcriptions used irasoging pronunciation distance, to colored multi-
dimensional scaling plots intended to illustrateamfitative results insightfully. Many analyses are
accompanied by facilities allowing researchersrtbp further, e.g. seeking the most important lisii
bases of an areal division, or examining the resafltclustering for statistical reliability. Theaee also
intended to inform the critical discussion of qutive techniques, i.e. a comparision between
guantitative analyses and non-quantitative (qualéia work. For this reason Gabmap also includes
support for qualitative analyses, such as faciliie map the occurrence of individual features. The

software is in use, and the source code is opesliadle.

1 The development of Gabmap was supported in 201grdoyt CLARIN-NL-09-014 from the CLARIN-
NL program (http://www.clarin.nl/) to the ADEPT peat (Assaying Differences using Edit Distance of
Pronunciation Transcriptions), which we acknowledgmtefully. CLARIN-NL participates in the
European CLARIN program (http://www.clarin.eu), vélgoaim is to develop a general infrastructure for
scientific applications of language and text preoes

2 Gabmap is accessible at http://www.gabmap.nl/
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GABMAP — UNA APLICACION WEB PARA LA DIALECTOLOGIA

Resumen

Gabmap es una aplicacién destinada especialmerfeilgar los trabajos en dialectologia
cuantitativa —o dialectometria— permitiendo a ldalettdlogos, incluso a los que tienen pocos
conocimientos de técnicas computacionales, llevealm analisis y célculos asistidos por ordenador.
Gabmap ofrece visualizaciones diversas de los diitdectales, desde histogramas de los caracteres
utilizados para detectar errores de codificaciéalireaciones de las transcripciones fonéticasassad
la medida de la distancia en la pronunciacién, asho graficos multidimensionales coloreados
destinados a ilustrar cuantitativamente los redataMuchos andlisis van acompafiados de herramienta
gue facilitan nuevas investigaciones; por ejemplascando las bases lingliisticas mas importantes de
una division de &rea, o examinando los resultadodod conglomerados a partir de su fiabilidad
estadistica. Estos también pretenden aportar useusion critica a las técnicas cuantitativas; por
ejemplo; una comparacion entre analisis cuantdatiy no cuantitativos (cualitativos). Por esta maz6
Gabmap incluye soporte para analisis cualitativdseegramientas para cartografiar las ocurrencias de

rasgos individuales. El software utilizado es deigd abierto.

Palabras clave
linguistica computacional, dialectologia, dialecétria, linguistica cuantitativa, aplicacién de napa

Web, mapas, edicion de la distancia linglistica

1. Introduction and motivation

1.1. Scientific motivation

The study of linguistic variation — especially dielal (geographical) variation,
but also social variation of different sorts — Imetd a central position in linguistics for
well over a century. The last two decades haveesgad enormous progress in the
quantitative analysis, i.e., the automatic measargmof linguistic differences
(DIALECTOMETRY), which yields reliable and valid characterizatipre.g. when a
hundred or so words are sampled at a few dozenooe sites (Goebl 2006, Nerbonne
2009, Nerbonne & Heeringa 2010, Goebl 2010).
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The fundamental motivation for dialectometry lies the opportunity to
AGGREGATE large amounts of dialectal data. As Goebl hasipuhis “condenses”
(verdichtej the data, strengthening the signals of speal®remance. It also offers an
alternative approach — if not a complete answero-the long-standing problems of
the relations between isoglosses and dialect afesma®Bloomfield (1927: 328) notes
“isoglosses rarely coincide along their whole ekteS8ee Bloomfield for a discussion
of Kloeke’s (1927) book-length discussion on diéfieces in the isoglosses associated
with ‘house’ and ‘mouse,” which were identical imrly Germanic. Chambers and
Trudgill (1998) discuss further examples, e.g. frbrench, but they conclude the lack
of an account of this relation as a “notable weakria dialect geography” (p. 97). The
opportunity to aggregate substantial amounts o& @d$o opens dialectology to the
deployment of statistical analysis and to the ukeepresentative samples. Further,
providing computational facilities within which texperiment with quantitative and
qualitative analyses contributes to the replicabitif the analytical tools used in the
discipline. Aurrekoetxea and Ormaetxea (2010) re@nt compilation of papers on
dialectometric techniques and emerging researchtigns.

Although Gabmap attempts to provide useful faeditifor dialectologists of
different theoretical and methodological persuas@abmap is particularly well suited
for the analysis of phonetic transcriptions usitrqig comparison algorithms, a type of
analysis we have long championed (see Nerbonne é&rihtga 2010, and references
there). Nerbonne et al. (2010) argue that analgsesparing phonetic transcriptions
effectively compare each phonetic segment sepgratel automatically, which means
that the resulting analyses are (i) more relialglealnse they are based on more data; (ii)
easier to implement because they obviate the mastegl of “appraisal’ (Goebl's
Taxierung in which items of comparison are abstracted frdata collections and

categorized for later analysis (so that perhapg td vowel is used from transcriptions
such as [nd"] or [nat], Eng. ‘night’); and (i) somewhat lebgased than atlas materials

analyzed at a categorical level because they ievtiie comparison of material that is
essentially randomly chosen, namely all the segsnémtwords that were not the

primary motivation for inclusion in the dialectals set of words.
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1.2. Previous work

Dialectometry has not enjoyed wide use due toetsahding technical threshold,
requiring special software installations, some difichi have their own pre-requisites.
The most popular package is Haimerl's MS WindowseblaVisual Dialectometry
(VDM), which has been used extensively in studythg dialectology of Romance
languages (Haimerl 1998, 2006). We are impressethibywork and provide some of
its facilities (notably “reference point maps”),thwe attempted to supersede it both in
dialectometrical range but also with respect toegainfacilities which should be of
interest to dialectologists. RuG/LY& a UNIX-flavored package developed by one of
us (Peter Kleiweg) at the University of Groningehiaet differs from VDM in offering
facilities for comparing transcriptions and in som@&apping techniques. It runs on
several platforms.

We hope that the general facilities will help makabmap useful to working

dialectologists, including those who would prefet to work dialectometrically.

1.3. Goals and intended users

Gabmap has been developed to make dialect anabss available to working
dialectologists and other students of linguisticriatdon in an easy-to-use web
application. In addition to dialectometric analys&abmap generates various data
summaries, supporting error detection in input dptaviding researchers with useful
overviews, and enabling the creation of distributiroaps of any number of linguistic
variables — words, morphological realizations, atedb phonetic characters or patterns,
depending on the user’s data. In this respect Gplgoas well beyond dialectometry,
supporting the exploration of a large number ofwkedined variables in different ways.

Gabmap allows linguists to upload their variatibmiata in different formats, but
in particular, in the form of tab-separated valuesich are easily provided from
spreadsheets, which are popular systems for litigudata collection and organization.
Various overviews of the data are created automliticn order to support users who
wish to explore freely. Tools are made availablesupport the creation of maps from

Google Earth,™ to convert different character emugslin input data into Unicode IPA

% See http://www.let.rug.nl/kleiweg/L04/
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(UTF-8 or UTF-16), the “native” format in Gabmapndaalso to exploit selected
statistical routines using R.

The heart of Gabmap is the measurement of diffegnehich may be categorical
(e.g., different lexical realizations of one concep different forms of one affix),
numerical (e.g., sets of formant frequencies fowels), or string based (e.g., phonetic
transcriptions). Although various options are sufgmh we attempted to identify
sensible defaults for inexperienced users throughaifferences in linguistic items are
then aggregated to obtain a robust characterizatiaghe relations among the sites (or
other groups of speakers), and these are analymbgrajected onto various sorts of
maps to support scholarly investigation. Figureravges a sample of the sorts of
analyses and cartographic projections Gabmap psvidBecause traditional
dialectology emphasized dialect areas, i.e. aréaslative linguistic uniformity as the
most important organizing element in dialectologarticular attention is paid to
techniques for identifying natural groups (of sjites data, examining them critically,
and extracting the most representative and distmemariables in them.

Although it is not our focus in what follows, wedatlere that the routines which
seek natural groupings and affinities among dialectnot assume that the groupings
are geographically based. They might therefore @isstvell be applied to variationist
data to investigate non-geographic conditioning, gocial, sexual or ethnic differences.
So while our emphasis has clearly been the devedapot software to support dialect
geography, it is straightforward in Gabmap to penfd'dialectometric” analyses of
other variationist data, e.g. to see whether aggeegronunciation distances distinguish

two social groups.

* See http://www.r-project.org/
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Figure 1. A sketch of some of the processing ostmupported by Gabmap. See Section 3 “Walk
Through” for details.
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2. Design choices and Implementation

In this section we present the technical realirattd Gabmap, including its
background, its input-output behavior, concernsualipiloting” inexperienced users,

and its implementation.
2.1. Background

We implemented Gabmap after developing and suppgpttie RuG/L04 package
for dialectometry since 2004L04 enjoyed limited use — primarily among studeotts
dialectology, but to a limited extent, among othe&rg., population geneticists. From
feedback from users, some of whom traveled to Gigem to learn to use the package,
we knew that the UNIX command-line interface wasniod forbidding, and that the very
large number of options supported confused mode(pial) users. We set as goals for
Gabmap therefore that its user interface be mesediand also that sensible defaults be
chosen for as many analysis steps as possiblegddlewas to allow users freedom to
try alternatives, but at the same time to guidentbeward sensible choices (e.g. in the
sort of clustering techniques used).

The implemented web-interface enlarges the rangeombortunities for
dialectologists in several respects if we compate the RuG/L04-software, not only
providing a more user-friendly interface, but irctfaffering processing facilities for
more complex tasks than can be carried out in RO&/The web-interface is realized
using a large number of scripts (see below) sometoth directly implement new
procedures (ones not in RuG/L04) in various prognamy languages and some of
which invoke programs such as R in order to prowadeitional functionality. This
illustrates the advantage of web-applications ovaditional software distributions
noted above, namely that developers control théigumation of the machine on which
the software runs and need not assume specifigguwations on user machines. The
end result for us was a package that is much nihame & new user interface, in fact, a
new package that exploits RuG/L04 components whessible.

® See http://www.let.rug.nl/kleiweg/L04/
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2.2Input/Output

Input (linguistic) data is accepted in tabular forrg. via spreadsheets, which in
our experience are popular (initial) data managersgstems used by researchers in
dialectology. Gabmap may be used to analyze catagattata (lexical or syntactic
data), or numerical data (vectors of formant fregues of vowels), but is perhaps most
interesting when applied to the analysis of pha@ng&@nscriptions either in Unicode
(UTF-8 or UTF-16) or X-SAMPA (a conversion toolsapplied to convert X-SAMPA
to Unicode). In addition, linguistic differencesdpided in tabular form) obtained from
other analysis software may be further analyzedg®ographical coherence and/or
projected to maps. The interfaces are definedltwaihe use of separate components
wherever that seemed sensible.

Since the core topic of dialectology is the disttibn of linguistic variation as
influenced by geography, special attention is paithe problem of obtaining and using
maps. Instructions are provided for extracting mfaps Google Eartfi,and a program
is made available which converts site names witigitode-latitude coordinates to .kml
format.

Graphical output is provided in PostScript with eersions standardly available
in PDF and PNG. We have taken pains to provide udugippropriate for black-and-
white printing wherever feasible, as researchezsstll often unable to publish in color
without incurring exorbitant additional costs. Iddiion to graphical output, Gabmap

also provides output in tabular form.

2.3Interacting with users

Since we aim to provide relatively sophisticatechpatational facilitiesnter alia
to computationally inexperienced users, issues @# o interact with users arise
frequently. On the one hand, we did not wish tesplygtize, imposing our own scientific
views on users. But, as noted above, our experiefitteusers of RuG/L04 suggested
that they were overwhelmed by the range of teclhicizaices they might make, and we
witnessed users in earlier trials who appearedntplyg try everything until they found

analyses they found congenial — users who appe@aredhop” about for analysis

® http://www.google.com/earth/
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techniques. We were therefore concerned that weueage users to focus on reliable
technigues and that we discourage their shoppimgngrtechniques until they obtained
results of sort they wished to see. Researchersamhmew to computational analysis
are often unfamiliar with the “embarrassment ohes’ the techniques provide — the
many minor variants of techniques that are oftesilg@amplemented and which yield
scientifically rather different results.

Two processing steps may be adduced as illustsatadnthe dangers of the
embarrassment of (analytical) riches: clusteringt@one hand and variants of string
alignment and string distance on the other. Thegreat interest in applying clustering
to dialect data, as traditional results normallyide sites into groups, ODIALECT
AREAS, meaning that clustering facilitates the compariso older findings. But as is
well known, clustering — seeking groups in data s—unstable, meaning that small
differences in input data may lead to large diffiees in results (Kleinberg 2003; Proki
and Nerbonne 2008). There are, moreover, dozenglustering algorithms, often
yielding very different results, making it scierddlly unsatisfactory for a researcher to
simply check a number of results for one that hediappealing. In Gabmap we have
included clustering validation facility that allowsers to compare clustering results to a
plot obtained via multi-dimensional scaling (MD$)hich is stable, and moreover,
which typically represents more than 80% of theatem in the data. See Figure 1 for
an impression and see Figure 9 (below). We haweiattuded a stochastic version of a
clustering algorithm in order to emphasize how abkt some groupings may be
(Nerbonne et al. 2008).

String alignment algorithms may also be modified nmany subtle ways,
depending on whether one attends to base segnugaher with diacritics or only to
base segments, whether one insists that consoaatitgowels not be aligned, whether
one normalizes for string length, whether diphttagd affricates be treated as one
segment or two, whether one incorporates a variage for substitutions depending on
phonetic similarity, whether one attends to phanetintext by aligning bigrams, etc.
(Heeringa et al. 2006). In this case we settlecdh @imple variant that is linguistically
responsible, namely one in which tokenized trapsioms are used, in which
consonants and vowels are always kept distinct,jrbmthich segments are otherwise
only the same or different (no variable costs), aitth a normalization for word length.

In keeping with our wish not to impose our view msearchers who may wish to
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experiment systematically with such parametersaliv other definitions, but not as
part of the normal invocation of the analysis — mfdg such parameters is a matter

for experienced researchers, not beginners.

2.41mplementation

This section discusses the implementation of Gabamapmay be safely skipped
by readers interested only in its functionality.

Gabmap organizes users’ data irt0JECTS which each consist of exactly one
map, one data set, and one measure of differenueedo the data. Separate projects
must be created when users wish to work with moae bne data set acquired from the
same region, or with different measurements apptedhe same data set. This
simplifies the management of the data and alsoudwrs’ views of the data. An
advantage of this organization — as opposed targanaation in which the same map
and data set might be associated with any numbé&esilt” data structures, leading to
a hierarchical organization — is that a number rdlgses and meta-analyses (at this
moment, about ten) are conducted automaticallgpags as a project is started. It is not
necessary for the user to specify most options amitialize each step in the processing
chain separately. A further advantage is that tresgnt structure allows us to add
components relatively easily, a property we haveaaly exploited.

A disadvantage of the relatively flat organizatiato projects is that each new
sort of measurement on a given data set resulisnew project. We mentioned as an
advantage earlier that the user is shielded fractimplexities of several analyses (and
parts of analyses), but this property admittedls doth ways, in that it implies that the
user is also unaware of many processing steps. Fipge 2 and Figure 3 for

illustrations of complexity.

74

©Universitat de Barcelona



Dialectologia. Special issue, 11(2011), 65-89.
ISSN: 2013-2247

geographic local incoherence
map distances
alignments
distribution maps @@
items items places
b T
L | i L}
o dialect ! ! fokenized, table
o . 1 - dialect -
1] 1 string  « .
0 data 1 ' differences
V data
[} 1
tokenizer
and segment-pair cronbach alpha
feature differences
definition

Figure 2 The flow of data at project initializatievhere phonetic transcriptions are compared, athvhi
time a map and a table of “dialect string data” iaput. The data is tokenized on the basis of tufea
definition (which may be supplied by the user, titich is also available in a default version). Then
using a table of phonetic segment differences ddrfvom the feature definition, the alignments rmazle
available (see “walk through” section) and wordmnociation differences are calculated. Two measures

of quality are derived, Cronbachisand “local incoherence” (Nerbonne and Kleiweg 200he users

need to specify only a map and a data table.

Unlike many web applications, Gabmap is not buitabodatabase, and in fact
makes no use of any database whatsoever. An oegemaising directories and files is
convenient since the programs are file based. Haehis assigned a directory with files
noting login name, email address, and the like,\atlal subdirectories for each project.
Each project directory contains a file with idewtily information and general data
about the project and a number of sub-directoresesponding to the results of various
processing steps, e.g., sub-directories for alignador aggregate distances, for MDS
plots, for dendrograms, and for each of a seriedifedrent sorts of maps (e.g., cluster
maps, MDS projections, composite cluster maps)addition to the results and the

graphics, we store information about the processpigns that led to the results.
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Figure 3 The flow of data in creating “fuzzy clustmaps” (see “walk through” section below for an
example. This involves clustering repeatedly wihdom amounts of noise, while retaining for eadh pa
of sites, their cophenetic distance (distance éndbndrogram). MDS is applied to the average dis&n
are retained, effectively emphasizing differencesarstrongly, after which a map is drawn in whibhb t
first three MDS dimensions are interpreted as caitensities and projected onto the map. The user

simply asks for a fuzzy cluster map.

Some of the processing steps are quite time comgymihich led us to impose a
“first-in-first-out” (FIFO) discipline on user task Tasks are executed serially, as they
often build on one another, and because some thsksind too much memory to be
carried out comfortably in parallel. Tasks with emt subtasks are not scheduled
intermittently (among different users), but useedieack is provided as quickly as
possible. This way users can make use of their imsygecting first (partial) results even
while additional tasks are being carried out by skever. The FIFO structure can be a
disadvantage when several users are working sinedtssly, as it increases the waiting
time of the last users in the queue considerallyfatt, since interactive requests to
users result in tasks that are scheduled just lathelothers, users whose jobs are
processing may also experience delay. Each userwaitsuntil all the (perhaps ten, see
above) tasks of all the preceding users have alh lsempleted. This has led us to offer

tutorials to groups of fifteen to twenty participairusing only smallish data sets (80
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sites of 100 transcriptions each). To-date we hmteexperienced difficulties with this
simple scheme in handling groups of this size.

Although we examined existing packages for buildiwgb applications, in
particular Pylons, we were disappointed in the bBenéhe packages provided when
compared to the additional time required to madtem. Gabmap is instead
implemented as a number of cgi-scripts that arekad from within the Apache web-
server. The scripts are primarily written in Pyth®d, with a brief wrapper ish in
order to initialize the environment. There is a cglescript which functions as a
“dispatcher” for the different components withirethpplication. All other interactions
with the applications, e.g. the processing of dpetorms, proceed via special scripts,
one per interaction type. All the scripts make ofthe same library of help functions in
Python.

Besides Python 3.1 we made use of (i) some auxiiaripts in Python 2.6 that
cannot (now) be converted to Python 3 becauser#gyn libraries as yet unavailable
in Python 3; (ii) external Python libraries suchmgroj (for 3.1), numpy (for 2.6 en
3.1), colormath (for 2.6); (iii) some componentstié RuG/L04 software, written in
Perl, and C and Flex (lexical analyser); (iv) UNM¥ake and sh; (v) some components
taken from the open source statistics package ®R(\anseveral programs in Postscript,
used not only for map-drawing, but also for caltntacoordinates when users access

information via “mouse-over”.

2.5Help functions and tutorial

A brief tutorial has been developed and preserdddtérested dialectologists on
several occasions; and we are continually addimg fa@ctionality both in the form of
immediate, brief (one-line) explanations as well exdire screens with motivation,

explanation and examples. The help facilities ageogoing regular expansion.

3. Walk-through of session

To give some flavor of the web application, we preassome information in the
tabular or graphic form in which a user would enteu it in a Gabmap session. We
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assume that the user has collected pronunciatitanfaan Pennsylvania, USA at the 67
sites shown in the map in Figure 4 created usingn@g’s map facility. In fact we shall
employ data from thelinguistic Atlas of the Middle and South Atlant8tates
(LAMSAS, see Kretzschmar, 1994), and freely disirélal by the US Linguistic Atlas
projects’ We use a restricted set for simplicity.

Once the user has uploaded a data file to Gabrhapnay immediately request a
list of the words whose pronunciations were elitits well as a summary of the data
noting the frequencies with which tokens such asnplic symbols are encountered.
This overview facility hones in on errors — i.e.talahat could not be tokenized
properly, but also on very infrequent tokens, whigk also often errors in the input
data. Importantly, the facility is supported by iadex into the data, so that users can
trace tokens back to their occurrence. It is alsssible to request a map showing the
frequency of a given token (or even regular expoesdor the advanced), which may
provide insight into its occurrence, whether thes & geographic trait, a fieldworker
trait, or perhaps just a mistake. Naturally theyfirency map cannot indicate definitely
whether a particular transcription is an error, bsers have agreed that transcriptions
were in error that Gabmap highlighted because tesd very infrequent phonetic

symbols in ways that indicated unusual pronunastio

Figure 4. Map of the 67 Pennsylvania sites in LAMSAhe map and the Voronoi tiling around the data

collection sites was drawn in Gabmap.

" See http://us.english.uga.edu/
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The initial result of comparison is a site x siistahce table, in which half the
values simply repeat (due to the symmetry of tis¢adice measures). But this still leads
to 2,211 cells with distance values even in ouficielly small set — surely too many
for direct inspection. For this reason Gabmap suppthe further analysis with
appropriate visualizations and statistical analyBesm maps (Goebl'Strahlenkarteh
provide an excellent aggregate view of the datgprinciple a line is drawn between
each two sites where the darker the line, the nliaguistically similar the sites.
Particularly coherent areas are normally immedyatésible as dark collections, and
boundaries appear as lighter-colored swaths. Sped-b. Network maps connect only
adjacent sites, again coloring more darkly in cdeee sites are linguistically similar.
They offer a less complete, but also a clearestiiétion of the linguistic differences

measured.

Figure 5. A beam map (left) and a network map (jigisplaying the pronunciation differences meagure

in a fairly straightforward way.

Naturally researchers will wish to check data measents in various ways, e.g.
by comparing the calculation of differences. Gabmsapports such wishes, e.g. by
displaying the alignments used when a user reqtieistgby specifying a word whose
alignments the user wishes to see). Note that ewethe small data set we are
examining here, there are 2,211 pairs of sites W& pronunciation comparisons per
site — over 300,000 in total. In principle, a resbamay examine any of these. See

Figure 6 for an example.
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Philadelplia — Jefferson

d 3 ! = d 3 2
d 3 o r d 3 @

0.5 1 1.5

Philadelplia — Lancaster

d 3 2 & d 3 2

t J o r t | s
1 1 o0 1 1 1 55

Figure 6. An example alignment and pronunciatiostadice calculation from Gabmap, showing
pronunciations of the state name ‘Georgia’ at ths#es in Pennsylvania. Note that Gabmap is not

restricted to simple Unicode or X-SAMPA encodin@$RA transcriptions.

Of course a central topic in traditional dialectptdof the “German” school, see
Kretzschmar, 2006) has been the determination afecti boundaries, and Gabmap
supports this using clustering of four sorts. Thetedmination of boundaries using
clustering is an alternative to the isogloss teghes noted in the discussion above (on
Chambers and Trudgill's remarks) in that the bouieda determined need not
correspond to any single isogloss, but only to #lggregate difference. Naturally,
researchers are interested not only in the dendmogiracing the history of the
clustering procedure, but also in its projectiortte map. Figure 7 shows both, where

the colors in the map and dendrogram are linked.
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Figure 7. A dendrogram resulting from clustering #tggregate distance table as well as its projettio
the map of Pennsylvania. Note the colors are linkedeasy reference. Those interested in American
dialectology may recognize Kurath and McDavid’s fars “Route 40” boundary stretching east to west
across the northern part of the state (Kurath 184@ath & McDavid 1961).

While the determination of dialect areas is impairten comparing quantitative
work to traditional dialectometry, contemporaryhmigjues rely on clustering, which is
less than 100% reliable. It is essential thereforeompare clustering results such as the
one in Figure 7 to more reliable statistic analysegh as multi-dimensional scaling
(MDS) (Embleton, 1993). Gabmap has introduced aiap&luster validation” module
for this purpose. MDS is applied to the aggregattadce table with the result that each
site is assigned coordinates in the plane in theneasuggested by Figure 8.
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Figure 8. A two-dimensional MDS analysis of the @g@te pronunciation distances in Pennsylvania. The
distances implicit in this scatter plot (as meagdurg a ruler) correlate very highly with the distas in

the original aggregate linguistic distance tabt®(94).

Figure 9. A novel facility in Gabmap allows resdwns to compare the cartographic projection of
clusterings (left) with MDS results (right). The MDplots shows us at glance that the light blue area
(around Franklin county) is quite distinct, butalguite diverse, that the southwestern area islynice
distinct, but that the dark green and dark bluasr@ppear not to be discriminated well, and deserve
closer attention. The validation facility allowsethiser to examine just the two areas in questiongi@
sensitive view. The numbers on the map (left) neeap in the MDS plot (right) to enable the research
to identify sites that do not fit nicely in the stars.

There are also attempts to remedy the inhererdgbiigy in clustering by adding
stochastic elements to the process, notably théstvap (Felsenstein, 2004: Chap.20),
which involves repeatedly re-sampling the set ofrdgorepeated to obtain a new
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sample, and in particular allowing the same wordgpear more than once in the new
re-sample. The results of the repeated clusteend then to be more stable. Due to the
computational cost of the bootstrap, we use anrative procedure which has been
shown to correlate nearly perfectly (Nerbonne e80D8) in which small amounts of
random noise are added to different clusteringyeseal of the same distance table. The
result is aPROBABILISTIC DENDROGRAMIN which the groups are assigned a confidence

level, namely the number of times the group emergdte “noisy” repetitions. Figure

10 shows an example together with its projectiothéogeographic map.

Figure 10. Noisy clustering correlates highly withstering using the bootstrap (Felsenstein 200wpC
20) and assigns a confidence to each group (thd somabers to the right of the brackets indicate th
percentage of “noisy” clusterings in which the leted group was found. The results (after applying

MDS to the branch lengths of the dendrogram oneftgmay also be projected to a map (right).

It is clear that linguists are more interestedhia tletails of dialect distributions
than in the aggregate. From the point of view nduistic theory, one is interested not
in the fact that there is a fairly coherent dialacta in southeastern Pennsylvania
(around Schuykill, Berks and Lehigh), but what lirgjic features are responsible for
the differences. Gabmap therefore supports usexatck for such features. We
emphasize that the researcher is free to examipenamber of distributions — both
distributions of individual pronunciations of wordbut also distributions of more

abstract patterns which might be specified by ragekpressions. Figure 11 provides an
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example of one such search. Examining the prontiosg of the word ‘Georgia’ in
Pennsylvania, the researcher has asked to seedlgeaghical distribution of the words

in which the initial voiced affricate fj is pronounced voicelessly, a$][tAlthough this

example involved an area that was identified viastdring, researchers are free to

examine the geographic distribution of any feature.

Item.IGeurgia x| Select item

d3a{sjrd3s (1)
d3oed3a (1)
d3s{s}dza (1)
ti{a_Altfe (1)
Yortfs (4)

—or— |
Regular expression: |7

Show distribution map

Figure 11. A distribution map for the pronunciatimiiGeorgia’ using an initial voiceless affricqtd]. In

fact, researchers are free to examine the disioibwtf any set of pronunciations (of a single itetimy
like, and even to specify a more abstract patte&ravegular expression. This facility does notetepon

first obtaining the results of aggregate analysis ia therefore of broader interest to dialectadtsyi

Gabmap supports linguistically oriented researclother ways as well. Given
the results of an aggregate analysis, it is al¢ereésting to examine pronunciation
variants to attempt to determine the identifyingtiees. Wieling & Nerbonne (to
appear) suggest two quantitative measures of theeddo which a feature identifies a
dialect area, tREPRESENTATIVENESSand itSDISTINCTIVENESS The degree to which a
feature is representative of a dialect area idrdetion of sites in the area at which it
may be found (beyond a threshold level). And auieain a dialect area is distinctive
with respect to the larger language area to theegethat it occurs exclusively in that

area. See Wieling and Nerbonne (to appear) forfahmulas. Figure 12 shows the
information provided to the researcher about trepnciation of ‘miles’ ([mds]) in

the southeastern Pennsylvania area where Germarofteas spoken until the early
twentieth century. Note that the plural is pronathdgs] and not [z] as in standard

American pronunciation, and also that the [l] i¢ welarized, as it often is elsewhere.
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By employing measures of the identifying quality f@fatures we try to lead the
researcher to insightful candidates.

step 3: select important item

Iltems sorted by importance: |0.825 - 0,817 - 0,833 - miles (6) ~| select item |
- download as list
— about Importance

Current itermn: miles Rejected patterns:
Importance: 0.825
Distinctiveness: 0.817 mastz
Representativeness: 0,833 marttz
Patterns with forms: maetz
« 0,825 - 0.817 - 0.833 - matls (6) martz
o maiI-]s(l)
o mar-Is (2)
o mar-|s (4)

o ma“1-Is (1)

Figure 12. Gabmap includes a facility to aid tmgliistically oriented researcher in searching éatdires

that might identify a candidate dialect area.

Finally, Gabmap also provides some aggregate titatend graphs showing the
distribution of linguistic variation. Figure 13 skie a graph plotting aggregate linguistic
distance as a function of distance. A local regoesdine is drawn as well as a
logarithmic one. The local line is drawn to givesense of the degree to which the
logarithmic line represents the data well. Nerbor{f8610) discusses this sort of

distribution in more detail.

0.25

0.15
1

Linguistic difference
0.10
1

— log
—— local

T T T T T T
0 100 200 300 400 500

Geograpic distance (km)

Figure 13. Gabmap provides facilities for examinthg distribution of aggregate variation as a fiamct
of geography. The local regression line is alsovdrés suggest how well the logarithmic line fiteth

data.
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4. Reactions from users

Gabmap has been presented at a number of workshugsinvited tutorial
sessions. The feedback has been quite positives Wmmiliar with the older RuG/L04
software have been very happy to hear that thesem®re user-friendly graphical user
interface available. Researchers from other fiedthin dialectology (other than
dialectometry) have been especially enthusiastibd@ar about the tool for creating
distribution maps available in Gabmap, since a &me easy-to-use tool for distribution
maps has not previously been available. Of theediametric analyses offered in
Gabmap, cluster analysis seems to be the most lapgpeme to users. It has been
important to emphasize to researchers who are nebei field that cluster analysis is
not a particularly stable method, and that the wathfor cluster validation offered in
Gabmap should be applied. Some users have madestiagg for further development
of Gabmap. A wish from several research groupsbeas to make it possible to define
potential dialect areas manually; at the momeny onke geographic coordinate can be
supplied for each data collection point, and theaaurrounding each data point on the
map is computed automatically using Voronoi tiling. further wish has been to

implement more options for distribution maps.

5. Discussion. Future ldeas

We believe that Gabmap has the potential to lower technical threshold to
dialectometry enough to stimulate exploration amiticcsm. As proponents of
dialectometry we are most interested in the former,stimulating the broader use of
guantitative techniques in dialectology, but we ldoalso welcome the latter, i.e. a
better informed criticism of dialectometry. Thisakso normally a productive scientific
path.

We see many further opportunities for Gabmap afate@ services. First, there
are points in the present Gabmap we would prefeeéochanged. The most significant
of these is the absence of output in the form df-gderenced maps. The maps
produced by Gabmap are attractive and insightfu,viie should like to superimpose

them on other maps easily in order to compareibligtons and boundaries of dialect
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phenomena with those of other phenomena such @s, ttammunication and popular
culture. A second, less significant shortcomingane even now working to eliminate is
the sparseness of the documentation. A third proliethe organization of work into
projects (described) above. While we do not hapkaa for improving this, we concede
that users find it counterintuitive that they canitry different measuring techniques
within a single project.

There are also opportunities for further developmBrobably the most important
of these would involve making it easier for otheyscontribute modules, i.e. adopting
an open-source development mode. Once it becorses éar others to contribute, then
the scientific imagination is the limiting factdfurther suggestions for improvement
have been contributed by users (see Section 4 above
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