le

¥ =4

A multivariate analysis using English and Spanish corpora

Marta Siiz"

Department of Language Engineering, UMIST
PO Box 88, Manchester M60 1QD, U.X.
TIf: +44.161.200.3078
Fax: +44.161.200.3099

Abstract

In this paper we describe a study to carry
out a multivariate cross-linguistic analysis of
linguistic patterns across specialized parallel
corpora in English and Spanish using factor
analysis. First, we extracted the factors by re-
ducing the original set of varjables, formed
by linguistic features, to a smaller number of
factors and interpreted each factor aking into
consideration the functions shared by the un-
derlying co-occurring patterns. Then we car-
ried out cross-lingnistic comparisons of Eng-
lish and Spanish by comparing the identi-
fied dimensions with respect 1o their under-
lying functions, associated linguistic charac-
teristics and the mullidimensional character-
ization of registers included in this study.

1 Introduction

Quantitative approaches to corpus analysis are
important to the development of tools for applic-
ations in Natural Language Processing. They al-
low us to examine reliably the frequency of spe-
cific linguistic patterns of use in texts and also
lo classify them and even 1o construct statistic-
al models with a view to expalining what we ob-
serve in the data.

Factor analysis is a quantitative multivariate tech-
nique which allows the examination of complex
relationships among a set of inlemrelated var-
ables. Multivariate techniques are widely used in
many fields of research. They allow manipula-
tion of many variables in a single analysis and are
available in a number of computer packages. The
one we have used is SPSS (Statistical Package for
the Social Sciences), running the FACTOR pro-
cedure using principal component analysis. Our
use of factor analysis is exploratory and involves
detecting patterns of variables to discover new
concepts and a possible reduction of the data.

The multivariate approach to lin guistic varialion
was first used by Biber (1985) and more com-
pletely developed by Biber (1988) to describe
the textual relations among spoken and written
genres. In his 1988 study, he examined 67 differ-
ent linguistic features in 23 different text types.
The linguistic features were counted in the texts

* ‘Research sponsored by the Depantamento de Educacitn,
Universidades e Investipacisn of the Basque Government.
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(comprising about one million words in all), and
the quantitative results were submitied to factor
analysis. The 67 features were reduced to seven
factors and interpreted in terms of the commu-
nicative functions shared by the co-occurring lin-
guistic featres.

Biber (1988, 1995) has proven that cross-
linguistic register similarities or differences
cannot be analyzed in terms of a single para-
meter or dimension, of simple dichotomous
distinctions or by analyzing registers identifying
the salient co-occurrence patierns on an intuitive
basis. Rather, the nse of quantitative techniques
in multivariate studies empirically identifies sets
of linguistic features that co-oecur in registers,
and the different shared functions underlying
these co-occurring patterns are interpreted by
considering previous research on text analys-
is and by performing qualitative analysis of
particular texts.

Our study follows a similar general methodo-
logy — we carry out a cross-linguistic analysis
of linguistic patterns across specialized texts in
English and Spanish using parallel texis. The ob-
Jective of this study is twofold: one is 10 make
progress in cross-linguistic comparisons by bet-
ter describing particular registers in different Jan-
guages, If thie full range of linguistic variability in
registers is described, systems can be developed
which deal with that range of variation. Carrying
out this kind of analysis is useful for NLP, e.g.itis
highly relevant to analyze bilingual corpora tode-
velop MT systems. Our other objective with this
study is to analyze the identified dimensions in
English and Spanish with respect to their under-
lying functions, their associated linguistic char-
acteristics and the relations among the registers
included in the present study with respect to the
identified dimensions, in order to investigate how
language operates in translations, If the dimen-
sions found are similar across English and Span-
ish with respect to these just mentioned aspects,
this should then be a point to consider when de-
veloping computational systems for MT. For this
reason, 4 of the 5 corpora included.in this study
are parallel translations in English and Spanish,
the other is paralle! in the sense that it consists
of law texts in both languages but not translations
(i.e. it is a comparable corpus).
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2 Methodology

The following steps were carried out prior 10
the submission of quantitative data Lo factor ana-
lysis (FA):

« Collection of texts: we selected parallel lexts
in English and Spanish from 5 difierent
corpora’ from the European Corpus Initi-
ative CD-ROM., comprising 230 texts for
English, 223 for Spanish and about 225,000
words in all for both.

« Submission of texts to a POS (agger o
identify linguistic features in texts. For
English, Brill's tagger was used (Brill,
1092); for Spanish, we trained Brill's tagger
to deal with this language. Qur POS tapger
has been trained following the same tech-
nique originaily developed by Brill, called
transformation-based-error-driven learning.
The tagger automatically acquires rules
from lagged text increasingly improving
its pecformance. In all, 37 morphosyntactic
features were included for English and 38
for Spanish. In order not 1o rely uniquely
on the morpho-syntactic features which the
POS 1agger recognizes, we also considered
for our study measures fypically used in
stylometric studies (average word length of
sentences, average length of words, long
words, average number of sentences per
text and type/token ratio) in the belief that
including these would help to discover
genuine differences in the texts belonging
to different registers we have analyzed.
These stylistic measures were extracted
using WordSmith tools.

« Manual revision of the tagged English and
Spanish output to correct any errors made by
the tagger.

e Counting of the linguistic features in texts
and normalization of frequency counts to a
text length of 1000 words. As text length
vares for all texts, for a fair comparison
of frequency counts of linguistic features
across lexts, normalization of frequency
counts was necessary.

« Submission of normalized counts (@ FA so
that the large number of original variables
are reduced to a smaller set of derived van-
ables: the factors, typically formed by sets of
co-occurring linguistic features in (exts.

There are several steps involved in FA. The start-
ing point is the examination of the correlation
matrix of the variables and samples; then the

1 The announcement text of the Esprit R&D programme,
the Xerox ScanWorX User's Guide, Intemational Labour
Organization Reports on the Commiltee on Freedom of As-
sociation, the Internationsl Telecommunications Union C-
CITT Blue Book and the CopenhagenBusiness School Civil
Law Corpus.
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' posilively-valuedlmguistic features are more im-

factors mecessary lo represent the data are ex-
tracied, The method for faclor extraction used
was principal components analysis which trans-
forms original vanables into a new scl of un-
correlated variables with decreasing amounts of
variation. The new variables are principal com-
ponents rather than factors although for conveni-
ence we will call them faciors. Rotation of the
factors 10 a simpler structure then takes place Lo
make them more interpretable, Lastly, the factors
are interpreted functionally in terms of the com- -
municative functions shared by the co-occurring
feamures, determined by looking at previous re- -3
search on the literature (Chafe, 1982: Biber, 1988 .34
and Biber, 1995) and by carrying out a detailed 3
qualitative analysis of the linguistic features in
textis.

3 Factor structure

In this multidimensional study, 5 faclors were
extracted for both Spanish and English as this
was considered the opiimal among several solu-
lions considered?. The factorsextracted ideniify a
group of linguistic features which frequently co-
occur in texts. It is claimed that the linguistic fea-
rures in these groups co-occur because they serve
a common underlying communicative function
(Biber, 1988). Thus, [0 identify the textual dimen-
sions underlying each factor, the factorial struc-
tures for both languages were interpreted tak-
ing into account the communicative functions
shared by the linguistic features which loaded on
each factor. Each factor is given a label optim-
ally describing these communicative functions.
Table 1 summarizes the identified dimensions,
the interpretative labels which explain the func-
tions associated with each dimension and the
linguistic features grouped on each factor (in
brackets). Linguistic features can be posilive or
negative, however, this does not indicate that
portant. Rather, it shows groups of fearures which
co-occur in complementary distribution. For in-
stance, in EN-D1, among the positive linguistic
features included are: non third person of verbs,
gerunds, typeftoken ratio, adverbs (comparative
and superlative), infinitive form of verbs, 3rd per-
son singular present verbs, the feature ‘to’, etc.,
while there is only one negative-valued linguistic
feature; cardinal number. Referring 10 dimension
1, this means that when the features with positive
value occur it will be likely that the features with
negative values will mol occur and vice versa
Discussionsin the research literature and also our
own functional analysis of individual features in
the texts considered for this study provided the

This decision was mede considering several guidelines
generaily used when determining the numberof factors to be
extracled, such as observing a plot with the total variance as-
sociated with each factor. Sucha plotis called scree plorand
typically shows the point at which additional faciors contrib-
nte liule to the overall analysis.
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tvation for interpreting these features in terms
Iw glven dimension labels.
“the following seclions, we carry out cross-
mguistic comparisons of English and Spanish by
pmiparing the dimensions across both langunages
th respect to their underlying functions, their
gulstic characterisitics co-occusring in each di-
senslon and their relations with respect to the re-
siers included in our study.

;j.l Cross-linguistic comparisons of
. dimensions with respect to their
underlying functions

As can be seen from Table 1 the majority of
" dimensions have close similarities across Eng-
ish and Spanish .with respect to their underly-
ng functions and there are communicative fune-
Uons shared across the two languages. Among
- Ihe dimensions with functional correspondences
= ix dimension 1 in English and dimension 5 in
Spanish?, both of which are interpreted as reflect-
ing “Descriptive Production vs Non-Descriptive
Production”. Another communicative funection
thared across the two languages is narration, rep-
resented in SP-D2 and in EN-D2 and in the pos-
hive pole of EN-D4. This is a more complex cor-
respondence, since there is only one dimensionin
Spanish which reflects narration and which cor-
responds o two dimensions in English. There
are other dimensions with functionat correspond-
ences across English and Spanish: one is located
in the negative pole of EN-D4 and the positive
pole of SP-D2, labelled as “Informational Per-
suasive Production”; another in the negative pole
of EN-DS5 and SP-D4, interpreted as “Procedur-
ol/Direct Production” and “Procedural vs Non-
Procedural Production” respectively; and anoth-
er in the positive pole of English EN-D5 and
SP-D4, interpreted as “Elaborale Discourse™ and
“Elaborate Discourse vs Unelaborate discourse”™
respeclively,
As can also be seen from Table 1, some commu-
nicative dimensions are specific to English while
others are specific to Spanish: this is the case of
EN-D3, interpreted as “Specialized Information
vs Non-Specialized Information™ and SP-D1, in-
terpreted as “Non-Specific Informational Refer-
ence vs Specific Informational Reference™. There
are Lwo explanations for the occurrence of these
communicative functions specific to a language.
One is that the linguistic features which, by way
ol example, co-occur in EN-D3, and which re-
flect the production of Specialized Information,
are appropiate for English but not for Spanish, for
which case a different set of linguistic features,
or a more refined one, might be more appropi-
ale for the identification of such a communicat-
ive function. However, this is an issue which can
only be further investigated by conducting a mul-
tidimensional analysis on a larger scale, for in-

*For bener readability purposes we use henceforth EN-
D1 1o refer to English dimension 1, SP-D5 1o refer to Span-
ish dimension 5, etc.
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stance, considering a more refined set of linguist-
ic features and possibly also more registers. This
is not our task here and therefore until this is fur-
ther examined we cannot check the veracity of
such a claim. Another more plausible explanation
can be offered by arguing that those communic-
ative functions specific to a language reflect the
communicative priorities of each language or cul-
ture (Biber, 1995:264).

3.2 Cross-linguistic comparisons of
dimensions with respect to their
linguistic characteristics

We can also compare dimensions according
to their defining linguistic characteristics.- As dis-
cussed below, dimensions with corresponding
underlying functions have similar associated lin-
puistic features, such as the dimensions with the
characteristics of Narrative Production, Proced-
ural Production, Elaboration, and Informational
Persuasive Production. With respect 10 Narrat-
ive Production, EN-D2 and EN-D4, and SP-D2
are related in their occurring linguistic character-
istics: we note that participles, past iense verbs,
type/token ratio, first person pronouns and prop-
er singular nouns all occur in both languages.
Those dimensions which refiect Procedural In-
formation, SP-D4 and EN-D3, indicate that there
is an addressor required in both languages, who
gives the procedures, using the infinitive and im-
perative form (merged in English under the label
“VB") and who addresses directly the address-
ec. by using second person pronouns, which rep-
resent the potential person who is lo carry out
the instructions or procedures; considering Elab-
oration, both languages are characterized by long
sentences, use of prepositions and prepositional
phrases, participles and relatives (indirect relat-
ive pronouns in English and possessive relative
pronouns in Spanish); as for Informational Per-
suasive Production, EN-D4 and SP-D2 are both
represented by singular nouns and modal verbs,
which are the strongest features of these two di-
mensions. Also, to a lesser extent, those dimen-
sions reflecting Descriptive Information (EN-D1
and SP-D5) tend to be related in their occurring
linguistic features: we note both languages make
use of adjeclives, adverbs, coordinative conjunc-
tions and a high type/token ratio, apart from other
linguistic features used specifically by each lan-
guage, Lo express descriptive information.

3.3 Cross-linguistic comparisons of
registers

Registers can be compared with respect to
each dimension by computing factor scores
(Biber, 1988): for each text the frequency of
each of the features having salient loadings
on a factor is summed, then the.factor score
means of each register are computed to obtain
mean dimension scores for each register on each
dimensjon. These mean dimension scores can
then be compared to define the relations among
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Table 1: Summary of English and Spanish functions

[_Dimension English funcrion {Linguistic features) Spanish funciion { Linguistic features)
Descriptive Produclion  versus Non-specific Iaformational Relerence versus
Dim 1 (VBPNBG.’ITRIRBNBNBZJTOIR.BR (RB!W'PN'BZ!CCII‘H[RDP!PP!FWIPPI)
JIS/RBS/PHR/S YM/PPLCC/SECP)
Non-Descriptive Produciion Specific Informational Reference
(CD) (NNPS!NNS!NN'P!NUMSICD)
Nerrative Production  versis Jolormational Persuasive Produclion versus
Dim. 2 {DT. VBN/IN/VBD/WP/PDT/WPS/TTR) (NN/VBMATUMS)
Non-Narrative Production Narrative Production
(’VBDNBC(ITRJ’FTRSTP!AMJNNPS)
THIRDP/NNP/ALW/VBN)
Speclalized Information  Vversus Elaboraie Discourse  versus
Dim. 3 (AWNNS&ONGW!JJMCCMNPSEN) (IN/DT. LONGW/VBN/ALW/WPS/NNS/JT)
Non-Speclalized Information Unelaborate Discourse
(RB/VB/VBZPOS/EX) (CD/NUMS)
Tnterpersonal Narratlve — versits Procedural Productlon  versus
Dim. 4 (NNP/POS/FIRSTP/VED) (VBN'BUSECP!SYWVBGIWRBIRBR!J]S)
Informational Persuaslve Production Non-Procedural Production
(NNMD/VBAD) (LS)
Elaboraie Discourse  versus Descriptlve Preduclion  versus
Dim. 5 (‘ﬂ{[RDPIALWfEXIFWfWRBﬂTRN'BN (JJHJRN'BF!RBSJ‘CC#NNS!ITR)
ICC)
Procedural Production Non-Descriptive Production
(NUMS/SECP/VBF/VE) (INDTAYNP/VED)

registers, In Figure 1, the mean dimension score
for each register for each dimension for English
is plotted. For Spanish, analogous information is
shown in Figure 2. We can see that registers have
different characterizations with respect 1o each
dimension and that it is only by considering the
5 dimensions that we can detect comparisons or
differences among the registers and that we are
able to describe these in a motivated manner.
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Dimamiga 1 Dimensian 2 Dimanshan 3

" Dimamian Dimawsian 5

[ xrRox —m—gsPAlm —A—LaW —m—LABOUR —w-TELECOU |

Figure 1: Multidimensional profile-for English texts

the communicativ
mensions. The mo
volve the narrative and proced
same parallel regislers, LABOUR and XEROX,
are highly marked in both languages for the nar-
cedural functions respectively. ES-
ptive in the two languages.
orrespondences.

rative and pro
PRIT is highly descri
There are also more complex ¢
Elaboration is markedly present in English for

LAW, followed by LABOUR and ESPRIT while
We have further found that dimensions which are in Spanish elaboration is represented by LA-
similar from a functional and linguistic perspect- BOUR and ESPRIT. However, the LLAW corpus,
ive also tend to be similar with respect to their even though it refers 1o law Lexts in English and
relations with the registers. There are major re- Spanish, is the only non-parallel corpus included

gister similarities in English and Spanish regard-

ing their overall characterization with respect 1o
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in this study. The fact that

e functions defined by the di-
st straightforward of these in-
ural functions. The

LAW is elaborate in
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Figure 2: Multidimensional profile for Spanish texis

Tinglish and non-elaborate in Spanish provides

sirong evidence to suggest that parallel texts tend

\o be more similar cross-linguistically than non-
nrollel (exis and that therefore language in trans-

- latlons Lends to keep similar structures.

" “There are still some differences which show that
arallel registers differ in English and Spanish,
n terms of our not having found identical mul-

\ldimensional characlerization of regislers across

the twolanguages:; forexample, the informational

rsuasive function is strongerin TELECOM and

{EROX in Spanish and in LAW and ESPRIT in
English, a difference caused by the overall alloc-
ation of linguistic features to this communicative
function.

4 Conclusions

The cross-linguistic comparisons of dimen-

sions undertaken above with respect to their un-
derlying funciions, associated linguistic charac-
teristics and the multidimensional characteriza-
tion of registers, have provided evidence for the
following findings:

« A multidimensional analysis is required, fo-
cussing on the five communicative dimen-
sions identified in the present study, in order
to capture the complexity of the linguistic
relations in the registers considered in Eng-
lish and Spanish.

The cross-linguistic similarities found are
stronger than the cross-linguistic differ-
ences.

The majority of the dimensions have cor-
responding (or analogous) underlying func-
tions: we note both English and Spanish
have dimensions which reflect description,
narration, procedural production, elabora-
tion and informational persuasive produc-
tion.
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o Dimensions with corresponding underlying
functions also tend to have similar linguistic
features associated with them. One signific-
ant example is that of the procedural func-
tion: in both languages there is an address-
or who tells how to carry out the instruc-
tions or procedures using the imperative and
the infinitive form and there is an addressee,
who carries the procedures out and who is
referred to by the use of second person pro-
nouns.

o The same registers in English and Spanish
tend 1o be clearly marked for similar com-
municative functions, for example ESPRIT,
XEROX and LABOUR are highly descript-
ive, procedural and narrative respectively in
the iwo languages.

e Parallel texts tend to be more similar cross-
linguistically than non-parallel texis. LAW
is the only non-parallel register included in
this study. We found that, unlike the oth-
er registers, which tend to be character-
ized multidimensionally in more analogous
ways, LAW presents more differences with
respect to its multidimensional characteriz-
ation in relation to the communicative func-
tions defined by the dimensions. Especially
relevant is the fact that LAW is clearly elab-
orate in English and non-elaborate in Span-
ish. This provides strong evidence for sug-
gesting that language in Lranslations tends to
keep similar structures.

5 References

D. Biber. 1985. Investigating macroscopic textual
variation through multi-feature/ multidimension-
al analyses. Linguistics, 23:337-60..

D. Biber. 1988. Variation across Speech and
Writing. Cambridge University Press.

D. Biber. 1995. Dimensions of Register Variation.
Cambridge University Press.




F 75"} 1997, A simple rule-based part of speech
prager L e wingy Juio lhon Ll Sekale OR
ippliea Nu.ncoe: Langiage Frocessing, A CL.

W. Chafe. 1982. Integration and Involvement in
speaking, writing, and oral literature. In Tannen.
editor. Spoken and writien language: exploring
arality and irieracy. pp. 35-54. Ablex.

74

Appendix & ENGLISH TAGSLY

R A

10.
11.

j’}

13.
14.

1

16.
7.
18.
19.
20.
21.

m

23,
24,
25.
26.
27.
28.
29.

31.
3

33.

34.
35.
36.
37.
38.

40.
4].
42,

CcC

cD

DT

EX

FW
FIRSTP
IN

JI
JIR
JIS
LS
MD
NN
NNS
NNP
NNPS
PDT
PHR
POS
PPI
RB
RBR
RES
SECP
SYM
THIRDP
TO
VB
VBD
VBG

VBN
VBP

VYBZ
WDT
WPS
LONGW

NUMS
AWL

Coordinaling { onjunclion
Cardinal numuer
Determiner

Existencia! ‘there’
Foreign word

sl p2rson pronouns

Preposition m subordinaling

conjunclion

Adjective

Adjective, comparative
Adjective, superlative
List marker item
Modal

Noun, singular or mass
Noun, plural

Proper noun, singular
Proper notn, plural
Predeterminer
Expression

Possessive ending
Indefinite pronoun
Adverb

Adverb, comparative
Adverb, superlative
2nd person pronouns
Symbol

Third persen pronouns
‘o'

Verb, basc form

Verb, pasl icnsc

Verb, gerund or past
participle

Verb, past participle
Verb. non-3rd person
singular prescnt

Verb, 3rd person singular
present
Wh-determiner
Wh-pronoun
Possessive wh-pronoun
Wh-adverb

Typefioken ratio

Long word

Number of sentences
Average word length
Average length of words
(per sentence)

\ eotunil




SECP

VBC
VED

VBF
VBG
VBI
VEM
VBN
VBS
VBZ

Coordinating Conjunction
Cardinal number
Determiner

Foreign word

1st person proncuns
Preposition or subordinating
conjunclion

Contraction

Adjective

Adjeclive, comparative
Adjective, superlative
List marker item

Noun, singular or mass
Noun, plural

Proper noun, singular
Proper noun, plural
Expression
Demostrative pronoun
Indefinite pronoun
Adverb

Adverb, comparative
Adverb, superlative
second person pronouns
Symbol

Third person pronouns
Verb, infiniuve

Verb, conditional

Verb, past tense {preterit and
imperfect)

Verb, future tense

Verb, gerund or past participle
Verb, imperative

Verb, modal

Verb, past participle
Verb, subjunciive

Verb, present tense
Wh-determiner
Wh-pronoun

Possessive wh-pronoun
Wh-adverb

Typefoken ratio

Long word

Number of sentences
Average word length
Average length of words
(per sentence)
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