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Laboratório de Quimiometria Teórica e Aplicada, Instituto de Quı́mica, Universidade Estadual de Campinas,
Campinas 13083-970, SP, Brazil

Received 26 July 2006; Revised 28 September 2006; Accepted 1 October 2006
*Correspo
metria Te
dual de C
E-mail: m
yThis pap
Chemomet
SP, Brazil
Internet surfing for theword chemometrics in national languages and, in the Science Citation Index

(SCI), searching for articles containing chemometr�were performed. The bibliometric, webometric,

and country development descriptors from literature were then treated by Principal Component

Analysis (PCA) and Hierarchical Cluster Analysis (HCA). In total, 82 written and 127 pronunciation

forms of chemometrics were found in 48 languages worldwide. The forms ending in ‘-y’ (chemo-

metry) and ‘-ics’ (chemometrics) can be grouped into at least three groups (I, J, K). Scientific

collaboration, country development, geography, history, and language were shown to be important

determinants in creation of form(s) of chemometrics in a particular country or language. PCA and

HCA show that tradition in chemometrics, level of country development, and its scientific

production are important for the existence of chemometric societies and laboratories worldwide.

Today, the world tends toward becoming more homogeneous with respect to chemometric activity,

and will reach a corresponding normal distribution in about 70 years from now. Copyright # 2007

John Wiley & Sons, Ltd.
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1. INTRODUCTION

According to scholars of the history of chemistry [1–7],

Christian Europe of the High Middle Ages was gradually

adopting a new science of transformation of matter, together

with its name, alchemy, from the Arabic civilization in the

Middle East, Southern Italy, and the Iberian Peninsula.

The Arabs called the science al-kimiya (the chemistry), the

etymology of which is uncertain, and could be attributed to

Medieval Chinese, Late Antiquity Hebrew, Late Greek,

Ancient Egyptian, or even Coptic, from which the Arabic

language could, directly or indirectly, take the word and

prefix it with its definite article al. However, most scholars

agree that the word alchemy originated either from the

Egyptian khem or Greek chemeia or chymea. Medieval Latin

absorbed al-kimiya as (al)chymia or (al)chemia, and further

propagated it into all European languages (14th century

English: alchemy [8]). The modern science was named
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chemistry in 18th century English [8]. The 20th century

brought new terms beginning with combining forms chemo-,

chemi-, or chem- [9], for example, chemosphere, chemother-

apy, chemisorption, and cheminformatics.

This is the time when there are already several scientific

fields with composite names that end in -metry (like

geometry) and -metrics (like biometrics), the suffixes derived

from the Ancient Greek words for measure (metron),

measurement (metria), or to measure (metrein). Very similar

or related disciplines were named with equal first combining

forms as, for example, psycho- in psychometry and psycho-

metrics, and econo- in econometry and econometrics. This

choice to name a scientific discipline with ‘-ics’ (pronounced

as [IKS]) or ‘-y’ (pronounced as [I]) has become arbitrary in

any European language. The choice seems not to be

linguistically determined but a matter of widely accepted

convention. In 1971, the Swedish word kemometri appeared

for the first time, constructed by combining the forms kemo-

for chemistry and -metri for measure, and its English

equivalent chemometrics¼ chemo-þ -metrics, both coined

by Prof. S. Wold [10–12]. Since then, the new term has

conquered its space in the names of chemical concepts, and is

widely used by research groups, and in scientific meetings,

journals, and disciplines (bold in Table I). The derivatives of
Copyright # 2007 John Wiley & Sons, Ltd.



Table I. Important etymological moments in the early history of chemometricsa (1971–1990)

Date Event

1971 Prof. Svante Wold (Umeå University, Sweden) coins the term kemometrib in Swedish from kemo and metri

and its English equivalent chemometrics (January) [10–14]
1972 Prof. S. Wold names his group Forskningsgruppen för Kemometri (Research Group for Chemometrics) [12] or

Kemometrigruppen (Chemometrics Group), and publishes the first article using the term kemometri [15]
1973 The first article that has the term chemometrics in the name of a research group (Prof. S. Wold’s group) is

recorded in the SCIc database [16]
1974 Prof. S. Wold creates the definition: ‘The art of extracting chemically relevant information from data produced in

chemical experiments is given the name of ‘chemometrics’ in analogy with biometrics, econometrics, etc.’[18]
1974 The International Chemometrics Society is founded by Professors S. Wold and Bruce R. Kowalski from the University

of Washington, WA (June 10th) [10,12]
1975 The first article that has the term chemometrics in the title, and also the second article with chemometrics in the name

of a research group, is published by Prof. B. R. Kowalski and recorded in the SCI database. The article defines
chemometrics as a new chemical discipline [19]

1976 The first Chemometrics Newsletter is issued by Prof. B. R. Kowalski (January) [14]
1976 The first Symposium ‘Chemometrics: Theory and Applications’ is organized by the Computers in Chemistry Division

of the American Chemical Society in San Francisco, which results in the first proceedings volume (the first book) on
chemometrics, published in 1977 [14,20]

1978 The International Conference on Chemometrics in Analytical Chemistry (‘CAC Holland’) is held in Petten,
The Netherlands (September 15–17) [21]. This is called CAC-II even though it was the first to have
chemometrics in its title

1979 The term chemometric is recorded for the first time in the WOS [22]
1980 The first review on Chemometrics appears in the Fundamental Reviews issue of Analytical Chemistry, as the successor

to the reviews on Statistical and Mathematical Methods in Analytical Chemistry (April) [23]
1981 The term chemometricians is recorded for the first time in the WOS [24]
1984 Chemometrics is recorded for the first time in publications from Asia, as cited in the WOS: an article with chemometrics

in the title [25], and another one with chemometrics in the address [26]
1986 Chemometrics and Intelligent Laboratory Systems is founded
1987 Journal of Chemometrics is founded
1987 The first Colloquium Chemiometricum Mediterraneum is held in Barcelona, Spain (November 9–11th) [27,28]
1988 The first professorship in chemometrics is seated at the Umeå University (Prof. S. Wold) [11]
1988 The First Scandinavian Symposium on Chemometrics is held in Lappeenranta, Finland (October 6–8th) [29]
1990 The early history of chemometrics is discussed by its founders [14,30]

a Composite expressions that contain the word chemometrics are underlined.
b More exactly, the term kemometri was published in Holmsund, 15 km from Umeå [13].
c SCI stands for Science Citation Index-Expanded, a part of the Web of Science (WOS) database of scientific publications [17].
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chemometrics (noun plural in form but singular in meaning)

include chemometric (adjective), chemometrically (adverb),

and chemometrician (noun: a person trained in or dealing

with chemometrics).

Sometimes a chemometrician or a scientist that employs

chemometrics stops to think about the word chemometrics.

Why is this discipline called this way? Is chemometry

another name for it? How to say: chemometric or

chemometrical? How is this word, chemometrics, written

and pronounced in other languages? Why in Russian it is of

the ‘-ics’ type, and in French of the ‘-y’ type, while in German

and Czech it exists in both forms? Such and similar questions

have initiated our small study on chemometrics in 16

languages in 2002 [31]. More extensive study was encour-

aged by chemometrics in 30 languages as recently published

by K. Faber [32], chemometrics/chemometry discussion [33]

that appeared at the beginning of this year on the e-mail List

of the International Chemometric Society (ICS-L), and

chemometrics/chemometry discussions or divided opinions

in other languages [34–37]. These and related questions are,

thus, the subject of the present work, where linguistic and

bibliometric efforts are made to rationalize observed trends.

Is the frequency of the word chemometrics in some

language/country in a definite period of time some measure

of chemometric activity and, consequently, of scientific and

technological development of the country or countries in
Copyright # 2007 John Wiley & Sons, Ltd.
question? Does this frequency show a regular functional

trend over time? Such questions are also considered. The

present investigations can be useful for the chemometric

community as an interesting historical, linguistic, and

sociological viewpoint on chemometrics.
2. METHODS

Several database-mining searches in the Web of Science

(WOS) database [17] and internet surfing using Google [38]

and Yahoo [39] search engines were performed to obtain

qualitative and quantitative data for bibliometric and

linguistic studies of the word chemometrics.

2.1. Linguistic surfing
Among the search engines tested in this work, Google has

shown to be the most capable to deal with Latin and diverse

non-Latin fonts, whilst Yahoo was the second choice. They

were used to find home pages of different kinds, preferen-

tially official pages of research groups and individuals in

science and higher education institutions worldwide, that

possessed some chemometric material in their languages.

These internet pages were considered as primary sources of

information. The word chemometrics was searched for in

various European and non-European languages (sub-

sequently called: national languages) in its basic form
J. Chemometrics 2006; 20: 247–272
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(chemometrics), and also in inflected forms whenever

necessary. Official or widely accepted standard varieties of

languages were taken into account, not local dialects. Special

attention was paid to multicenter languages such as English,

French, Swedish, and Chinese, among others. The results

obtained were then refined by counting the frequency of

pages for each of the forms for chemometrics in national

languages. In case two or more forms existed in the same

language, their relative frequencies were determined. The

word chemistry in the same languages was also found by

Google and Yahoo, in order to compare chem- in chemo-

metrics and chemistry. Online dictionaries and extensive

linguistic tools [40,41] were used to write down pronuncia-

tion for all encountered forms of chemometrics and

chemistry, following the rules of the International Phonetics

Association (IPA) [42] whenever possible. The forms in

non-Latin writing systems were transliterated into the Latin

system according to the IPA or other institution/authority

that regulates a particular language.

2.2. Bibliometric search for international
collaborations
Science Citation Index-Expanded (SCI) [17] of the WOS was

used to determine the total number of scientific publications
Table II. Bibliometric, webometric, and developm

No. Descriptor Definitionb

1 log(Tot) Tot—Total No. scientific publication
2 1stTot 1st publication date related to Tot (3
3 log(Pub) Pub—No. publications with ‘chemo

1975–2005 (23 March 2006)
4 1stpubl 1st publication date related to Pub (
5 log(DNCþ 1) DNC—Annual No. publications for
6 log(JCpubsþ 1) JCpubs—No. publications in J. Chem
7 log(CILSpubsþ 1) CILSpubs—No. publications in Chem

(31 August 2006)
8 log(Chempubsþ 1) Chempubs—No. publications in any

(31 August 2006)
9 log(WWWþ 1) WWW—No. hits for ‘chemometrics
10 log(JCwwwþ 1) JCwww—No. hits for ‘Journal of Ch
11 log(CILSwwwþ 1) CILSwww—No. hits for ‘Chemome

(31 August 2006)
12 log(ChJwwwþ 1) ChJwww—No. hits for any of the n
13 log(Ch1wwwþ 1) Ch1www—No. hits for ‘chemometr
14 log(Ch2www) Ch2www—No. hits for ‘chemistry’
15 GDP Gross Domestic Product per capita i
16 RIRD No. researchers in research and dev
17 HDI Human Development Index in 2002
18 Connec Connectivity—Physical infrastructur

technology in 2000
19 Access Access—Wider determinants of acce

technology in 2000
20 Policy Policy environment of the informati
21 Diffusion Diffusion of the information and com
22 DAI Digital Access Index, the overall abi

communication technology in 2002

a The 76 countries for which all the descriptors were generated are those ha
with ‘chemometr�’ in topics (descriptor Pub).
b Dates of all searches are in parentheses.
c Method: SCI—bibliometric descriptors from SCI data minings, Googl
development indices from the literature with references.
d Derivatives of ‘chemometrics’: chemometric, chemometrical, chemometr
metries.
e Derivatives of ‘chemistry’: chemical, chemicals, chemically, chemist, che

Copyright # 2007 John Wiley & Sons, Ltd.
in the period 1945–2005 for countries in Europe, Asia, South

Africa, and selected countries where English, Spanish,

Portuguese, Russian, and Chinese are official languages in

science and higher education (the older search for variable

Tot, Table II). The number of publications from each country

made in collaboration with other groups from different

countries was determined and expressed as a fraction. The

countries with collaborating groups and individual countries

were defined based on linguistic, geographical, and histori-

cal bases, with the approximation that all countries were

monolingual with either ‘-ics’ (K) or ‘-y’ (I,J) end types of

chemometrics. The fractions for the end types were taken

into account whenever they were greater than 4%. They were

summed into %K and %IJ, respectively, to predict whether

the country in question would, due to collaboration

influences, create chemometrics of the K or I,J end type.

2.3. Other minings and surfings and
chemometrics-development relationships
The SCI database was searched for publications with

chemometr� as a topic (in title, keywords, and abstract;

see descriptor Pub in Table II) for each year and additionally

for each country, and also for publications with chemometr�

as the address for each year. A new Google surfing was
ent descriptors of 76 countriesa worldwide

Methodc

s in 1945–2005 (22–25 May and 30 August 2006) SCI
0 August 2006) SCI
metr�’ in topics (title, keywords, abstract) in SCI

23 March 2006) SCI
Pub in the last 5 years (23 March 2006) SCI
ometr. in 1987–2005 (31 August 2006) SCI
ometr. Intell. Lab. Syst. in 1986–2005 SCI

of the two journals in 1986–2005 SCI

’ (22 March 2006) Google
emometrics’ (31 August 2006) Google

trics and Intelligent Laboratory Systems’ Google

ames of the two journals (1 September 2006) Google
ics’ and its 7 derivativesd (2 September 2006) Google
and its 6 derivativese (2 September 2006) Google
n US$ in 2004 Ref. [43–45]
elopment per million people in 1999–2001 Ref. [46–50]

Ref. [46–50]
e for the information and communication Ref. [51]

ss to the information and communication Ref. [51]

on and communication technology in 2001–2002 Ref. [51]
munication technology in 2000 Ref. [51]

lity to access and use information and Ref. [52]

ving at least one SCI (Science Citation Index-Expanded) publication

e—webometric descriptors from Google internet surfings, Ref.—

ically, chemometrician, chemometricians, chemometry, and chemo-

mists, and chemistries.
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performed for the English word chemometrics for 250

countries and territories with recognized country domains

(.xx) [53]. Additional seven bibliometric and six webometric

descriptors related to chemometric activity were also

generated from SCI and Google searches (Table II). Eight

country development indices were used or estimated from

the literature (Table II). The set of the 22 descriptors, from

which many are in log form (Table II, including the second

search for Tot), was organized into Europe data set (36

countries) and the world data set (76 countries), for those

countries having non-zero values of Pub (Table II). Principal

Component Analysis (PCA) and Hierarchical Cluster

Analysis (HCA) [54] using Pirouette [55] and Matlab [56]

were carried out with autoscaled descriptors for both sets, in

order to recognize the chemometric activity patterns in

Europe and worldwide, and to show the existence of

relationships between chemometrics (bibliometric and

webometric descriptors) and development (country devel-

opment indices).
3. RESULTS AND DISCUSSION

3.1. Chemometrics said in various
languages: report
Table III summarizes the results of Google/Yahoo surfing

with respect to the word chemometrics in various languages

and writing systems, and the corresponding results for

chemistry. Chemometrics was identified in 47 of the existing

official languages in science and in higher education

institutions worldwide, and in 1 regional language used

in Indonesia (Sundanese, sun-1). This collection comprises

82 orthographic (written) forms for chemometrics, ranging

from only one per language like in Swedish or Portuguese, to

a maximum of six in English. Even more pronunciation

forms (127) were encountered. Chemometrics was found

written in 10 writing systems: Latin, Cyrillic, Greek, and

Arabic alphabets, three Japanese scripts (Kanji, Hiragana,

and Katakana), Chinese characters (Traditional, Simplified,

and mixed), Korean alphabet (Hangul), and Thai alphabet.

The term language was adopted in this work not only as a

linguistic construct, but also as a historical, cultural,

and political entity. The word chemometrics nicely illus-

trates that this approach was correct, as in case of

Romanian–Moldovan and Russian–Ukrainian–Belarusan

languages. Chemometrics was reconstructed for Lithuanian,

Belarusan, and putative New Latin (Scientific), from

available inflected forms and similarities with the closest

languages. The 48 languages belong to distinct language

families and, according to modern linguistic classification

[57], are divided into the following language families and

language isolates (language numbers in brackets).
1. I
Cop
ndo-European languages (35): Germanic (9), Romance

(9), Slavic (12), Baltic (2), Iranian (1), Albanian (Tosk), and

Greek sub-families or branches, as shown in Scheme 1.
2. F
inno-Ugric languages (3): Estonian, Finnish, and

Hungarian.
3. A
ltaic languages (1): Turkish.
4. B
asque language.
5. S
ino-Tibetan languages (1): Chinese Mandarin.
yright # 2007 John Wiley & Sons, Ltd.
6. T
hai-Kadai languages (1): Thai.
7. A
ustro-Asiatic languages (1): Vietnamese.
8. A
ustronesian languages (3): Indonesian, Malay, and

Sundanese.
9. K
orean language.
10. J
apanese language.
The new interdisciplinary field of linguistics, genetics, and

archeology [58–64] tends to unify language families 1–3

and language isolates 9 and 10 into a Eurasiatic superfamily

[58,62,63], and families 6–8 into an Austric superfamily

[60,62–64]. These linguistic relationships might point out the

natural ease by which scientific terms can circulate among

national languages. The 48 languages are spread over six

continents: the Americas (English, French, Spanish, and

Portuguese), Australia (English), Africa (Afrikaans in South

Africa), Europe (38 languages), and Asia (12 languages

including Russian and English). Geographic distribution of

these languages together with other official languages in

Europe and Asia is presented in Figures 1 and 2, respectively.

All the languages are officially spoken de jure or de facto in

these countries. Multilingual countries were drawn with

putative (not exact) linguistic boundaries to denote the

existence of distinct languages in the maps, using admin-

istrative and linguistic boundaries [40,57,65] as well as

university linguistic preferences: Belarus, Belgium, Bosnia

and Herzegovina, China, Cyprus, Finland, Indonesia,

Kazakhstan, Kyrgyzstan, Luxembourg, Moldavia, Serbia,

and Montenegro, Spain, Switzerland, and Ukraine. Other

multilingual countries that are not native English speakers

but use English extensively in science and public adminis-

tration throughout entire national territory were colored only

for English (Ireland and several South and South-East Asian

countries, see Figures 1 and 2). Such a linguistic richness

strongly indicates that new forms for chemometrics will

appear soon. For the multilingual countries where chemo-

metrics was not found in the minority languages, the data for

the major official language were used in further analyses.

Europe was almost entirely identified in terms of chemo-

metrics. The Faroe Islands, an autonomous region of

Denmark, were treated separately due to their linguistic

and geographic distinction from Denmark.

3.2. Chemometrics in national
languages: -ICS/-IKA versus -Y/IA?
From the 82 orthographic forms, 71 are written as only one word

composed of chemo- and -metrics forms and, therefore, they

can be used in comparative analysis. One of the recent

subjects in the ICS-L was about the end forms of chemo-

metrics in national languages, that is, if these ends were

equivalent to English either ‘-ics’ or ‘-y’. Table III confirms the

existence of these two end types, even though the situation is

rather complex. The word chemometrics cannot be charac-

terized only by these two end forms. Most forms in the

Romance and Slavic languages, in all Finno-Ugric and Baltic,

in some Germanic languages, in Greek, Albanian, Basque,

and even in Indonesian, prevent this simple classification.

Besides the written forms, one should take into account the

pronunciation forms of chemometrics. Figure 3 shows

putative relationships among the orthographic (left) and
J. Chemometrics 2006; 20: 247–272
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pronunciation (right) ends. The 12 orthographic end form

types can be classified as K, I, or J because after [TRI] (in

Japanese: [TORI]), they can contain a consonant [K] (K), have

no additional sound (I), or possess two vowels (J). From here

on, a general representation of similar sounds will be marked

with a capital letter and particular forms with a small letter,

always in square brackets to denote pronunciation. There are

much more pronunciation end form types (46) when short

and long (:) vowels, and unstressed and stressed (‘) syllables

are taken into consideration. It is visible that the I forms

(equivalent to English ‘-y’ or [I]) are between the K and J

forms.

The K forms make two sub-groups. In Km, the end forms

have the voiceless consonant [k] or its voiced equivalent [G],

sometimes followed by another voiceless consonant [s].

These end forms are monosyllabic. The other sub-group, Kb,

contains disyllabic end forms, due to formation of additional

syllable from [k] and a final [A]. This syllable is never

stressed. Thus, Kb forms, unlike Km forms, could not be

considered exactly as equivalents to the English ‘-ics’ ([IKS]).

In all J forms, due to the existence of the combination of [I]

with another vowel (not always diphthongs), the semi-vowel

[J] (as the first sound [j] in English word ‘yes’) is frequently

present. The semi-vowel [j] forms an additional syllable with

[A] in several Slavic and Baltic languages. Figure 3 illustrates

the continuous transition between all I and J forms, and the

existence of a smaller gap (no intermediates) between Km

and Kb and larger one between Kb and J. The qualifier Fq in

Table III classifies the 71 orthographic forms of chemo-

metrics, taking into account the classes from Figure 3.

With respect to the number of syllables in chemometrics,

most of the 71 forms are four-syllable words like the

English che-mo-me-trics ([kE.mo.mE.tRIks]). Exceptions

are five-syllable forms from the Kb sub-group, from the J

sub-group with a [jA] syllable, the Japanese (jpn-4, Table III),

and some forms that possess an inserted syllabic vowel

between the central syllables [mO] and [mE]: Basque (bas-1),

French (fre-1 to fre-4), and Greek (grk-1) forms.

Can scientists from different parts of the world understand

each other’s chemometrics (the 71 forms)? It depends on how

much the basic structure of the forms is conserved. The

orthographic forms can be written as XEmOmetr�, where X

represents the main variation (ch, k, kh, q, h, kj), the two ‘m’

letters are preserved, O has some moderate variation (o, io,

eio, i), ‘e’ is preserved (e or é), ‘tr’ is also preserved (tr, thr,

tor), and ‘�’ is the end that has been already discussed

(Figure 3 left). The pronunciation forms show more

variations and can be generalized as [XEmOmEtRI�], with

the largest variations in [O] and the ends [�] (Figure 3 right),

significant in [I], moderate in [X] and two [E] sounds, and

smallest in [tR]. Concluding, the scientists could understand

each other’s chemometrics in written form, and also when

pronouncing them clearly and not too fast.

3.3. Chemometrics in Asia: linguistic
situation reveals historical and modern ties
Since the word chemometrics had been coined in English

and Swedish in 1971, countries other than Sweden and

English-speaking countries had to name the new discipline

in their language(s). To adopt a foreign form or create one’s
J. Chemometrics 2006; 20: 247–272
DOI: 10.1002/cem



Scheme 1. Indo-European family of languages with its living sub-families (branches) typed in bold. Particular languages are

named below the corresponding branches when chemometrics is found in these languages (Table II). Catalan-V-B stands for

Catalan-Valencian-Balear. More precisely, Romance is a sub-branch which, together with Latin, forms the Italic branch. The

dendogram representation of similarities among the languages was adapted from existing lexicostatistical studies [58,59]. It also

represents historical branching of the Indo-European family during 9 millennia [58], as shown by the time scale left to the

dendogram.
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own? To use one or more expressions? According to Ojasso

[66], ‘although a nation can form part of a group with typical

features, it never relinquishes its individuality’ in scientific

production. However, some general mechanisms of foreign

influence in a particular country in generating scientific

terms may be pointed out [66].
1. L
Co
inguistic and genetic relationships: countries that speak

the same or similar languages (i.e., from the same linguis-

tic branch), and probably have common ancestors [66,68];
2. G
eographical relationships: neighbors or other close

countries;
3. T
raditional historical, cultural, economic, scientific, and

political relationships [66];
4. S
cientific, technological, and economic development of

the country in question;
5. I
nternational scientific collaboration with generally

increasing tendencies [67–70]: publications, projects, for-

mation of scientists, etc., jointly with other countries;
6. P
resence of other first language speakers: these speakers

tend to use foreign terminology.

The root for chemistry, chem- became the heritage of the

Roman civilization and its successors (Occidental, Orthodox,

and Muslim civilizations). Chem- entered into other

civilizations in the 19–20th centuries. However, some
pyright # 2007 John Wiley & Sons, Ltd.
Asian civilizations maintained their original peculiarity in

science and, consequently, in naming chemistry and

chemometrics. For example, former countries and territor-

ies dependent on the UK and USA in Asia (see Figure 2)

accepted English in science and higher education, and also

the words chemistry and chemometrics. In a similar way,

some former USSR members in Asia, with a large number of

native Russian speakers, use Russian in science, and

the expressions khimiya and khemometrika. The Turkish

kemi/kemometri and the Austronesian forms for chemo-

metrics and chemistry came obviously from European

languages. South and South-East Asia were dependent on

some European powers and the USA for relatively long

times and through this have been affected linguistically.

The leadership of North America, Western Europe, and

Japan in science and technology makes these countries as the

most frequent partners in international collaborations with

this part of Asia [69–71]. The Iranian shimiya comes from

Arabic al-kimiya, but the expression for chemometrics

consists of two words (per-1, Table III) meaning ‘data

analysis chemistry’.

The Chinese word for chemistry is hua xue, literally

meaning transformation study. The five short words hua

xue ji liang xue may be translated as quantificationmethods

in chemistry. Korean, Japanese, and Vietnamese, although
J. Chemometrics 2006; 20: 247–272
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Figure 1. Official science and higher education languages in Europe and their linguistic classification.
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linguistically distant from Chinese and each other, were

under Chinese cultural and linguistic influence for a long

time (including the usage of Chinese characters that only

ceased in Vietnam some two decades ago). This is visible

from the form for chemistry that is present in the expressions

for chemometrics: Japanese: kagaku, Korean: hao hak, and

Vietnamese: hóa ho.c. Some Asian languages whose basic

writing systems are non-Latin, adopted one-word equiva-

lents for chemometrics that are well-recognizable (Figure 3):

two Japanese (jpn-1 and jpn-4) and two Thai forms (tha-1 and

tha-2) use khem- for chemistry and/or chemometrics.

Comparing chemometrics and chemistry in Asian

languages, one can notice that a Malay form (mal-2), the

Sundanese (sun-1), three Indonesian forms, and the Turkish

(trk-1) were not created from chemistry in these languages.

The existence of more than one transliterated/Latin form for

chemometrics in Japanese, Indonesian, and Thai indicates
Copyright # 2007 John Wiley & Sons, Ltd.
foreign influences. It is known [72,73] that the size of

scientific production and some extra-science factors such as

history, geography, politics, language, and dependence of

one country on another determine who collaborates with

whom in the international scientific community. Table IV

represents international collaboration levels with countries

that might affect the creation of K (%K) or I,J (%IJ)

orthographic forms for chemometrics in a particular country.

It is seen that the predictions (the last columns in Table IV) for

the K/I,J choice are negative, that is, badly predicted for all

countries with the total of 100 000 or more scientific

publications, except for some English-speaking countries

due to traditionally intense collaborations among them (right

top corner of the correlogram in Figure 4). Asian countries

speaking national languages and not English in science also

do not have good predictions, with the exception of Thailand

(-iks or K form was predicted), Malaysia (-ik or K form was
J. Chemometrics 2006; 20: 247–272
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Figure 2. Official science and higher education languages in Asia and their linguistic classification. Underlined names indicate

those languages for which the word chemometrics was found in online documents. Names with asterisk (�) represent languages

in which at least one form for chemometrics was found to consist of chemo- and -metrics only.
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predicted correctly), and Indonesia (all -ik or K forms were

also predicted correctly). In general, English-speaking

countries are the major contributors to K forms, and Western

Europe and Japan to the I,J forms. Obviously, countries with
Figure 3. Putative classification of orthographic (left) and pronunc

languages.

Copyright # 2007 John Wiley & Sons, Ltd.
scientific production below 100 000 publications show better

prediction, that is, they are probably more influenced by

countries with which they have significant scientific

collaboration (Figure 4).
iation (right) end forms of the word chemometrics in national

J. Chemometrics 2006; 20: 247–272
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Table IV. Possible effect of international scientific collaborations on the K/I,J choice for the end forms for chemometrics in

national languages and countries

Country/languagea Totb %Kc %IJc Predictedd R/S Country/languagea Totb %Kc %IJc Predictedd R/S

USA/eng �6000# 6 6 -ics R Turkey/trk 104 11 0 -ik –
UK/eng 2064 15 4 -ics/(-y) R– Ireland/eng 104 51 9 -ics/(-y) R–

Japan/jpn 1703 8 0 -i – Greece/grk 99 18 15 -ika/-ia –

France/fre 1280 12 9 -iques/-ie – Argentina/spn 95 12 13 -ica/-ia –

Germany/ger 1143 15 7 -ik/(-e) – Czech Rep./cze 59 20 31 -ika/-ie R
Canada/eng 1009 17 0 -ics R Portugal/prt 54 20 29 -ica/-ia R–

Italy/itl 712 15 12 -ica/-ia – Chile/spn 49 19 21 -ica/(-ia) –

Australia/eng 525 25 0 -ics R Bulgaria/blg 47 8 15 (-ika)/-ija R–

India/eng 512 6 0 -ics R Romania/rmn 43 10 18 (-ica)/-ie,-ia R–
Netherlands/dut 476 16 12 -ik/-ie – Iran/per 28 17 0 -ika –

China/cmn 469 14 0 -ik – Thailand/tha 26 31 15 -ks/-i R–

Spain/basþ cvbþgalþ
þspn 435 12 13 -ica/-ia – Slovakia/slk 25 20 41 (-ka)/-ie R
Sweden/swe 398 15 15 -ik/-i – Slovenia/slv 18 19 32 (-ka)/-ija R–

Russia/rus 389 9 13 -ika/-ija – Malaysia/mal 17 28 5 -ik/(-ia) R
Switzerland/ger 367 19 22 -ik/-ie – Croatia/crt 16 14 18 -ika/-ija R
Switzerland/fre 367 19 22 -iques/-ie – Estonia/est 9 16 39 (-ika)/-ia R–

Switzerland/itl 367 19 22 -ica/-ia – Lithuania/lit 9 15 26 (-ka)/-ija R
Belgium/dut 255 15 22 -ik/-ie – Indonesia/ind 8 43 38 -ik/-i R
Belgium/fre 255 15 12 -iques/-ie – Indonesia/sun 8 43 38 -ik/-i R–
Poland/pol 240 11 14 -ika/-ia – Latvia/lav 7 16 24 (-ika)/-ija R
Denmark/dan 206 20 20 -ik/-i – Kazakhstan/rus 6 17 0 -ika R
Brazil/prt 200 14 7 -ica/-ia – Iceland/icl 6 31 38 -ics/-i –
South Korea/kor 199 17 5 -ik – Vietnam/vie 6 25 40 (-ik)/-i –

Austria/ger 173 13 12 -ik/-ie – Serbia&Mon./srb 4 9 12 -ika/-ija R
Finland/fin 166 15 18 -ika/-ia – Belarus/blrþ rus 3 17 20 -ika/-ija R
Taiwan/cmn 159 13 0 -ik – Luxembourg/fre 2 14 50 (-iques)/-ie R
Mexico/spn 150 47 7 -ica/(-ia) – Luxembourg/ger 2 14 50 (-ik)/-ie R
Norway/nrw 124 13 21 (-ik)/-i – Moldavia/mld 2 7 0 -ica R
Hungary/hng 120 14 14 -ika/-ia – Macedonia/mcd 2 18 13 -ika/-ja –

South Africa/afr 116 14 0 -ika – Albania/alt 1 11 52 (-ka)/-ia R
New Zealand/eng 108 21 0 -ics R Bosnia&Her./bsn 1 31 41 (-ika)/-ija R–

Ukraine/ukr 106 9 5 -ika/(-ija) – Faroe Islands/far <1 42 81 (-ik)/-i R

�Collaborating groups of countries or individual countries: (i) with predominant K forms for chemometrics: English-speaking countries (USA,
UK, Canada, Australia, New Zealand, South Africa, and Ireland), Asian countries with official English in science (India, Sri Lanka, Pakistan,
Myanmar, Bangladesh, Singapore, Hong Kong, and The Philippines), and East Slavic countries (Russia, Ukraine, and Belarus); (ii) with
predominant I,J forms for chemometrics: Nordic countries (Sweden, Norway, and Denmark), Central Germanic countries (Germany, Austria,
and The Netherlands), Romance countries (France, Italy, Spain, and Portugal), West Slavic countries (Poland, Czech Republic, and Slovakia),
South Slavic countries (Slovenia, Croatia, Bosnia and Herzegovina, Serbia and Montenegro, Macedonia, and Bulgaria), selected Latin American
countries (Brazil, Argentina, Mexico, and Chile), Finland, Greece, and Japan.
a Language codes are from Table III.
b Total number of scientific publications from the SCI, in thousands and rounded (the older search for Tot, Table II).
c The sum of relative frequencies contributing either to K (%K) or I,J (%IJ) end forms of the word chemometrics in national languages.
d Prediction of the end forms and their relative frequencies. Forms in ‘()’ were predicted with lower or much lower frequencies than the dominant
forms. The signs ‘þ’, ‘þ–’, and ‘–’ mean good, partially good, and bad predictions, respectively.
# Estimated, from comparisons with the UK and Japan scientific productions.
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3.4. Chemometrics in Europe: complete
geographical pattern is visible
Europe is linguistically more homogeneous than Asia, with

the Indo-European family predominant and other languages

strongly affected by it (Finno-Ugric, Turkish, and Basque).

The four Indo-European sub-families form six geographical

units (Figure 1): Germanic, West Romance, West and East

Slavic, South Slavic, East Romance (Romanian and Moldo-

van), and Baltic.

The last century was the time of great political changes,

mostly located in Central and Eastern Europe. Countries and

nations in these regions lived temporarily together in

empires before the First World War (German, Russian,

and Austro-Hungarian), and later in multinational states

(Romania-Moldavia between the World Wars, USSR,
Copyright # 2007 John Wiley & Sons, Ltd.
Czechoslovakia, and Yugoslavia). All these facts as well as

the new political and economic processes in Central and Eastern

Europe and the increase of international collaborations

(especially with English-speaking countries), have affected

the science in Europe. Therefore, the forms for chemometrics

(Table III) in some languages cannot be rationalized in terms

of the considered science and extra-science determinants.

Data for chemometrics in Europe (Table III) account for 38

countries, 37 languages, 61 orthographic, and 76 pronuncia-

tion forms. Parts of the word chemometrics in national

languages were analyzed separately, because of significant

orthographic and pronunciation variations: chem- (Figure 5),

-mO- (Figure 6), and -TRIX (Figure 7). Only the forms

with significant frequency (over 10%, see Table II) were

considered. There are general geographical patterns that
J. Chemometrics 2006; 20: 247–272
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Table V. Descriptors WWW and Pub and their geographic distributiona,b,c,d

Country (.xx) Hits Pub Country (.xx) Hits Pub Country (.xx) Hits Pub Country (.xx) Hits Pub

USA (.edu, .gov, .us, .mil) 131.5 7.5 Romania (.ro) 0.2 0.2 American
Samoa (.as)

0.03 0 Georgia (.ge) <0.01 0

UK (.uk, .gb) 26.8 3.9 Tonga (.to) 0.2 0 Vietnam (.vn) 0.03 <0.1 Egypt (.eg) <0.01 0.2
Germany (.de) 24.2 2.4 Western

Samoa (.ws)
0.2 0 British Virgin

Islands (.vg)
0.03 0 Guatemala (.gt) <0.01 0

Netherlands (.nl) 18.6 1.2 South Africa (.za) 0.2 0.1 Lithuania (.lt) 0.02 <0.1 Lebanon (.lb) <0.01 0
Denmark (.dk) 15.7 1.2 Slovenia (.si) 0.2 0.2 Moldavia (.md) 0.02 0 Morocco (.ma) <0.01 <0.1
Sweden (.se) 13.5 1.7 Hong Kong (.hk) 0.2 0.3 Colombia (.co) 0.02 0 Sri Lanka (.lk) <0.01 <0.1
France (.fr) 13.2 2.1 Turkey (.tr) 0.2 0.3 European

Union (.eu)
0.02 – Syria (.sy) <0.01 0

China (.cn) 11.1 2.4 New Zealand (.nz) 0.2 0.1 Venezuela (.ve) 0.02 <0.1 Albania (.al) <0.01 0
Italy (.it) 9.8 3.1 Israel (.il) 0.2 0.2 Saint Helena (.sh) 0.02 0 Bahrain (.bh) <0.01 <0.1
Norway (.no) 9.7 1.0 Slovakia (.sk) 0.1 0.4 Peru (.pe) 0.02 <0.1 Bosnia and

Herzegovina (.ba)
<0.01 <0.1

Spain (.es) 1.0 4.1 India (.in) 0.1 0.3 Ecuador (.ec) 0.02 <0.1 Christmas
Islands (.cx)

<0.01 0

Japan (.jp) 1.0 1.2 Ireland (.ie) 0.1 0.4 Indonesia (.id) 0.02 <0.1 El Salvador (.sv) <0.01 0
Australia (.au) 0.9 1.1 Croatia (.hr) 0.1 <0.1 Saint Tome

and Principe (.st)
0.02 0 Macau (.mo) <0.01 0

Brazil (.br) 0.9 1.4 Belize (.bz) 0.1 0 Turkey and
Caois Islands (.tc)

0.02 0 Macedonia (.mk) <0.01 <0.1

Belgium (.be) 0.9 1.2 Thailand (.th) 0.1 <0.1 Belarus (.by) 0.02 0 Palestine (.ps) <0.01 <0.1
Poland (.pl) 0.9 0.9 Niue (.nu) 0.1 0 Cuba (.cu) 0.02 <0.1 Trinidad and

Tobago (.tt)
<0.01 0

Tuvalu (.tv) 0.8 0 Chile (.cl) 0.1 <0.1 Seychelles (.sc) 0.02 0 Anguilla (.ai) <0.01 0
Canada (.ca) 0.8 0.6 Mexico (.mx) 0.1 0.2 Ascension

Islands (.ac)
0.01 0 Bangladesh (.bd) <0.01 0

Russia (.ru) 0.7 0.3 Luxembourg (.lu) 0.1 0 United Arab
Emirates (.ae)

0.01 <0.1 Brunei (.bn) <0.01 0

Austria (.at) 0.6 0.5 Ukraine (.ua) 0.1 0.1 Kenya (.ke) 0.01 0 Djibouti (.dj) <0.01 0
Czech Republic (.cz) 0.5 0.7 Singapore (.sg) 0.1 0.2 Uruguay (.uy) 0.01 <0.1 Lao (.la) <0.01 0
South Korea (.kr) 0.5 0.2 Estonia (.ee) 0.1 0.1 Pakistan (.pk) 0.01 0 Liechteinstein (.ki) <0.01 0
Taiwan (.tw) 0.5 0.1 Malaysia (.my) 0.1 0.1 Jordan (.jo) 0.01 0 Tanzania (.tz) <0.01 0
Switzerland (.ch) 0.5 0.5 Latvia (.lv) 0.1 <0.1 Cyprus (.cy) 0.01 <0.1 Tunisia (.tn) <0.01
Finland (.fi) 0.4 0.4 Iceland (.is) 0.05 <0.1 Costa Rica (.cr) 0.01 <0.1 US Virgin

Islands (.vi)
<0.01 0

Portugal (.pt) 0.4 0.5 Bulgaria (.bg) 0.05 0.3 Monserrat (.ms) 0.01 0 Zimbabve (.zw) <0.01 0
Argentina (.ar) 0.3 0.4 Serbia and

Montenegro
(.yu, .cs)

0.05 0.1 Oman (.om) 0.01 <0.1 Faroe Islands (.fo) 0 <0.1

Hungary (.hu) 0.3 0.4 Saudi Arabia (.sa) 0.04 0.1 Mauritius (.mu) 0.01 0 Mali (.ml) 0 <0.1
Iran (.ir) 0.2 0.4 Cocos Islands (.cc) 0.04 0 Tokelau (.tk) 0.01 0 Rwanda (.rw) 0 <0.1
Greece (.gr) 0.2 0.4 Philippines (.ph) 0.03 0 Uzbekistan (.uz) 0.01 0 Sudan (.sd) 0 <0.1

a Country—countries and territories arranged in decreasing order of values of the descriptor WWW.
b (.xx)—WWW country domain.
c Hits—descriptor WWW (Table II) in thousands, rounded.
d Pub—descriptor Pub (Table II) in hundreds, rounded.
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overcome linguistic and historical divisions as, for example,

the (main) stress (’) in chemometrics, which is located on the

syllable -me- in -’metrix or at the end ’trix in -me’trix. The

distribution of the latter has a shape of the upside-down

letter T (marked by solid boundary in Figure 7), with some

minor fraction of me’trix in French and ’metrix in

Spanish-speaking areas. The -mio- forms in national

languages exist only in West Romance but not in East

Romance languages (due to long historical separation), and

in Greek, whilst in all other language is –mo– with some

pronunciation variations (Figure 6).

Swedish kemometri propagated into Denmark and Nor-

way (ke!kje), and even to the Faroe Islands (high %IJ

due to the collaborations with Danish Universities), but
Copyright # 2007 John Wiley & Sons, Ltd.
not into Icelandic. Iceland has its own word for chemistry

(icl-1, without chem-), so an English orthographic form

(chemometrics) was adopted. The Finnish equivalent

kemometriþ -a (the suffix for sciences in Finno-Ugric

languages) was created and accepted in similar form in

Estonia (which has 10% collaboration with Finland and 13%

with Denmark, Norway, and Sweden). Dutch has also its

own word for chemistry (see dut-1, Table III), and this form

Chemometrie was created also in the German-speaking area.

Afrikaans, originated from 18th century Dutch dialects, is

today linguistically distinct and geographically far from

Dutch. Two forms for chemometrics (afr-1 and afr-2) were

created in Afrikaans. This is a unique example where a

language takes distinct K forms that differ only in the final
J. Chemometrics 2006; 20: 247–272
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Figure 5. Comparison of the combining forms chem- in chemom

Figure 4. Relationship between K/I,J end form prediction for

chemometrics (Table IV) and the total number of scientific

publications Tot.

Copyright # 2007 John Wiley & Sons, Ltd.
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letter and sound (-k and -ka). The French dominant forms

chimiométrie (fre-1) and chimiometrie (fre-2), coming from

the word for chemistry (chimie), have their analogs on the

Iberian Peninsula. The dominant Italian and Romanian

forms do not follow their words for chemistry, but are more

similar to the international form chemometrics (chem-

instead of chim-, Figure 5). The Moldavian form (mld-1:

chemometrica) was created not as Romanian forms (as one

would expect), but like the dominant form khemometrika in

the East Slavic languages, probably due to intensive

collaboration with Ukraine (7%, Table IV). The Albanian

Tosk form (alt-1) was correctly predicted (Table IV) as I,J

type. It was not created from chemistry (kimia), but probably

from the Italian form, because Italy is the major traditional

partner of Albania in scientific collaborations (25%).

However, chemistry in Albanian Gheg (the official language

in the major part of the Kosovo region in Serbia) is different

(kimi), and hence, a new form for chemometrics could be

expected in this language (kemometri).
etrics and chemistry in official languages in Europe.

J. Chemometrics 2006; 20: 247–272
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Figure 6. Syllable -mO- in chemometrics in official languages in Europe. The presence of -miO- forms on the internet and in SCI

publications is also marked.
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Most East European countries did not coin chemometrics

from their chemistry (Figure 5). The dominant Russian

khemometrika (K type, rus-1), with khem- and not khim-,

agrees with the international (English, K type) form. This

form is also used in other former USSR republics with

significant number of native Russian speakers (Ukraine,

Belarus, Latvia). Other Slavic countries, partially Belarus and

Ukraine, and Lithuania adopted I,J types for chemometrics

as did their western neighbors. Some Slavic countries

remained divided between the K (similar to the international

standard) and I,J forms (Czech Republic, other West Balkans,

Figure 7). The geographic pattern of all orthographic and

pronunciation end types TRIX together with their frequen-

cies are shown in Figure 7. Three Latvian forms, among

which two start with kem- (lav-2 and lav-3) and one with
Copyright # 2007 John Wiley & Sons, Ltd.
hem- (lav-1) and not with ķim- as in ķimija (chemistry),

were positively predicted (Table IV) due to significant

international collaboration of Latvia with diverse country

groups: Central Germanic, English-speaking countries,

Nordic, East Slavic, and West Romance countries.

3.5. Pluralism in creation of forms of
chemometrics in national languages
Five mechanisms are responsible for the pluralism in

orthography and pronunciation of chemometrics. The

first is of etymological nature: to create a K or I,J form.

This K/I,J distinction comes from Classical Greek/Latin

[8,74,75] words: substantives metria (feminine: measure-

ment, measuring), and adjectives metrikos/metricus, or

metrike/metrica or even metrikon/metricum (masculine,
J. Chemometrics 2006; 20: 247–272
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Figure 7. Orthographic TRIX and pronunciation [TRIX] end forms and the stress position in chemometrics in official languages

in Europe. Putative solid boundaries delimit the two stresses.
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feminine or neuter, respectively: in meter, by meter, metric).

All these words have their origin in metron/metrum

(substantive: measure, tool for measuring) or metrein/

metiri (transitive verb: to measure). The Greek forms and

Latin metiri came from the proto-Indo-European langu-

age (PIE), the ancestral language of all Indo-European

languages, talked about 3000–4000 years BC, right before the

Indo-European sub-families branched (Scheme 1) [8,74–76].

Reconstructed PIE roots for the transitive verb to measure

(med-, met-, mer-, me el-, etc.) can be recognized in many

extinct and living Indo-European languages. The existence of

similar roots and words has aided the spread of scientific

names ending with -metry or -metrics in these languages.

Modern English spoken by native speakers distinguishes

well the meanings of the feminine names of ‘-y’ and ‘-ics’
Copyright # 2007 John Wiley & Sons, Ltd.
sciences. The suffix composite forms -metry and -metrics

denote ‘the process or science of measuring’ and ‘the

application of statistics and mathematical analysis to a

specified field of study’, respectively [74]. As S. Deming

said in an interview [14], chemometrics is an appropriate

name given to collected mathematical and statistic methods

in chemistry. The first ‘-y’ sciences and, in particular, ‘-metry’

sciences, date from Classical Greek. For example, geometry

had the following linguistic history as a feminine substantive

in singular [8,9,74,77,78]: geometria (Classical and

Late Greek)!geometria (Classical, Late, and Medieval

Latin)!géométrie (Old and Middle French)!geometrie

(Middle English)!geometry (Modern English). This

example explains the TRIX in chemometrics as found in

all West Romance and most Germanic languages (the I,J
J. Chemometrics 2006; 20: 247–272
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end forms, see Table III and Figure 3). The word metrics

and the first -metrics sciences are not more than 100 years

old, although other ‘-ics’ sciences date from the Renaissa-

nce. There is obvious similarity between these ‘-metrics’

feminine substantives and the corresponding adjectives

in Indo-European languages: English chemometrics–

chemometric, German: Chemometrik–chemometrisch,

Croatian kemometrika–kemometrička, Czech chemometrika–

chemometricka, Danish kemometrik–kemometrisk, etc. This

is because metrics and older ‘-ics’ scientific names were

formed from their adjectives, and newer names adopted

the same ‘-ics’ shape. These transformations were introduced

in English ‘to mark the complex nature of such sciences and

it may have been an imitation of the use of the Greek

plurals’ [77]. The most probable evolution of English

metrics [8,9,74,77,78] started with Classical Greek adjectives,

feminine singular metrike or neuter plural metrikea, continued
Figure 8. Frequency of the predominant form(s) and the number

Europe.

Copyright # 2007 John Wiley & Sons, Ltd.
with their Classical-Late-Medieval Latin equivalents of the

same form metrica, and through Old or Middle French

métrique ended in Middle English metric, from which modern

English created the adjectives metric and metrical and the

substantive metrics.

The second mechanism of the chemometrics pluralism in

countries with relatively modest scientific production

(Table IV) may lie in foreign influences, as has been shown

in the previous section. Figure 8 illustrates how the number

of the orthographic forms for chemometrics, as well as the

frequency of the most dominant forms, are distributed in

Europe. The places where different languages or even

language groups meet are well visible in Latvia, at the

bordering areas of the French-speaking territory, and the

cosmopolitan city of London.

The third mechanism of the chemometrics pluralism is

related to countries with relatively high scientific production,
of existing forms of chemometrics in official languages in

J. Chemometrics 2006; 20: 247–272
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large territories and significant populations. Such countries

usually have more than one language standard and consist of

regions with different linguistic preferences for certain

terms. For example, China and Japan have four written

forms for chemometrics (Table III).

The fourth mechanism of the chemometrics pluralism

includes large language areas that extend over two or more

countries or even continents and show much linguistic

diversity. China uses forms for chemometrics written with

Traditional, Modern, or mixed Chinese characters (cmn-1 to

cmn-3), but Taiwan prefers not to use the mixed combi-

nations (cmn-3). In the German-speaking area, the minor

form Chemometrik is more frequent in Austria and

Switzerland than in Germany. Russian khemometriya

(rus-2) is more frequent in Ukraine and Belarus than in

Russia. French also shows differences between the European

and Québec variants, from which the latter has only two

forms (fre-1 and fre-2). Figure 8 shows chemometrics

pluralism in Europe, with countries forming groups with

the same pluralistic characteristics, and also at the meeting

points of these groups.

The fifth mechanism of the chemometrics pluralism is

related to the use of English. The English language represents

a special case because it is the most frequently and

universally used language in science, and includes many

non-native English speakers. These speakers also contribute

to the development of scientific English. Six orthographic

forms for chemometrics (eng-1 to eng-6, Table III) were

found in internet documents and four of them (eng-1 to

eng-4) in the WOS. Adjectives chemometric/chemometrical,

chemiometric/chemiometrical, and chemimetric were also

found online and in the WOS. Chemometry is a singular

noun for which two inflected forms were detected: plural

chemometries (online and in the WOS) and Saxon Genitive

chemometry’s (online). Rare forms chemimetrics/chemi-

metry were mostly found at UK and USA sites. With respect

to the other four forms, English-speaking countries strongly

prefer chemometrics and the adjective chemometric, especi-

ally USA and UK. It is clear that the forms chemometry,

chemiometry, and chemimetrics and their adjectives are

preferred by non-native English speakers from countries

where the most dominant forms are NOT of the K type, that

is, do not end with -ics, -ik, -ika, etc. The main users of these I,J

forms are Western Romance countries and Brazil, followed

by Central Europe and Scandinavia (Figure 6), China, and

Japan. For the East Slavic countries, such forms have not been

found, which is quite surprising. It seems that the tendency

for their use has its roots in the first languages of the

speakers: -mio- syllables in West Romance languages and

Greek, -metri/ie/ia/ija ends in most West and Central Europe

and Scandinavia. Chemometry and chemometrical are more

frequent in Western and Central Europe than in Eastern

Europe (Figure 9).

3.6. Chemometrics all around the world
Table V lists the countries and territories for which non-zero

Google hits for English chemometrics (eng-1) were found. A

considerable number of islands and small countries

have domains with advertising material, copies of

pages from other sites, and lists of journals, where
Copyright # 2007 John Wiley & Sons, Ltd.
chemometrics appears. In total, 115 from 250 (46%) countries

and territories are in some way related to chemometrics,

which accounts for about 65% of the world land area and 86%

of its population.
3.7. Chemometric activity may be related to
the usage of the word chemometrics in
publications and internet documents
The 14 bibliometric and webometric (internet-based)

descriptors as well as corresponding analyses should be

understood in a qualitative and general sense, with no

intention for country-to-country or language-to-language

comparisons of a competitive nature. Generation of more

exact chemometric activity descriptors is an impossible task

because it should take into account all kinds of activities that

are recorded in national languages published by all

electronic and classical means.

WWW, the Google hits for chemometrics in national

languages (Table II), varied from 1 to more than 100 000

(Table V). The situation in Europe (Figure 10) is geo-

graphically and historically determined. Most hits come

from Germanic and West Romance languages (over 1000

hits per country), with some exceptions (Switzerland,

Austria, Belgium, Iceland, Faroe Islands, Luxembourg). In

the world, only USA, China, and Brazil have more than

10 000 hits, and Japan 1000–10 000. Moderate numbers of

hits, that is, 100–1000, was recorded for other English-

speaking countries, Argentina, and some Asian countries

(The Philippines, Taiwan, India, and Singapore). The

countries with 10–100 Google hits are concentrated in Asia

(South Korea, Thailand, Turkey, Malaysia, and Indonesia),

Latin America (Mexico, Cuba, Colombia, Chile, and Peru),

and Kenya. Less than 10 hits were found in other Asian

countries (see Figure 2), other Latin American countries,

and a few African countries (Table V). One should bear in

mind that these numbers represent complex phenomena as

in the previous section. Besides chemometric activity,

population size, commercial advertisements, bibliographic

records, and copies of texts from other sites determine the

number of internet documents containing chemometrics.

The numbers of SCI publications with chemometr� in the

address and in topics (Pub descriptor, Figure 11 left) show

an exponential-like increase with time, meaning that

chemometric groups and others using chemometric

methods are multiplying and becoming more productive.

However, the total number of considered publications

(Pub¼ 3858 for the world) makes up some 20% of all

chemometric publications in the WOS (about 15 000 were

reported in 2004 [79]). The same percentage is obtained

from the number of Iranian publications (about 200, from

which many are not reported in the SCI [80]) compared to

the number in Table V (40). The descriptor Pub can be

represented as a distribution function, a function of time

and the number of participating countries. The number of

countries depends on the class to which they belong

(Figure 11). Class means the range of the number of

publications expressed in log form. The distribution

function for the world (Figure 11 middle) exhibits a

tendency to become Gaussian in the near future (two
J. Chemometrics 2006; 20: 247–272
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Figure 9. Frequency of the English forms chemometry and chemometrical in SCI publications in Europe. The number of

corresponding publications is cited in the brackets in legends.
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decades from now). To achieve a normal distribution for all

existing countries and territories, we should wait for the

100th birthday of the name chemometrics. Other con-

tinents (results not shown, except for Europe in Figure 11

right) show similar, although less pronounced trends.

These bibliometric tendencies reflect the differences

between developed countries and countries in develop-

ment, as also noticed by Ojasoo [66]. Europe is very

peculiar, because it represents a high concentration of

countries chemometrically very active, and development

differences are rather moderate. The formation of a

Gaussian-like distribution curve is well visible (Figure 11

right). A hypothetical situation (Europe with USSR,

Czechoslovakia, and Yugoslavia in 2005, dashed curve),
Copyright # 2007 John Wiley & Sons, Ltd.
when compared to the reality, shows that the Gaussian

curve formation is slowed down due to political and

socio-economic changes in Central and Eastern Europe [81]

that affected the science in these countries.
3.8. Chemometrics-development
relationships
Besides Pub and WWW, other bibliometric and webometric

descriptors (Table II) can be directly or indirectly related to

chemometric activities of 36 countries in Europe and 76

countries worldwide. The correlation coefficients between

these descriptors range from 0.56 to 0.96 for the Europe data

set and from 0.42 to 0.99 for the world data set. Some
J. Chemometrics 2006; 20: 247–272
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Figure 10. Number of Google hits for chemometrics in official languages in Europe.

Figure 11. Left: Number of the SCI publications with chemometr� in topics (descriptor Pub) and addresses represented as a

function of time. Middle and right: Distribution function of the descriptor Pub. The number of countries is a function of time (different

colors) and class. Class is defined as the range of the number of publications in log units: 1 (0–0.5 units), 2 (0.5–1), 3 (1–1.5),

4 (1.5–2), 5 (2–2.5), 6 (2.5–3), and 7 (3–3.5). The curves for European countries, except for the dashed curve, include countries

that became independent after the disruption of the USSR, Czechoslovakia, and Yugoslavia.
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Figure 12. Scatter plots showing representative correlations between chemometric activity descriptors for the world data set.
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representative correlograms (Figure 12, the world data set)

show that more intense chemometric activity is related to

longer chemometric tradition (1stpubl), SCI publishing (Pub,

Tot), and web publishing (WWW and other descriptors). The

following direct relationships can be observed: between

bibliometric and webometric descriptors, between chemistry

and chemometrics (Ch2www and Ch1www), and between

chemometrics and scientific production (WWW, Tot). Google

hits for the two chemometric journals (JCwww and

CILSwwww) are mutually well correlated, and besides

chemometric research may include literature citations and

library documents containing the journals’ names.
Figure 13. Scatter plots showing representative correlations betwe

for the world data set. Countries which deviate from the main tren

Copyright # 2007 John Wiley & Sons, Ltd.
Correlation coefficients between the development indices

range similarly for the Europe (0.54–0.96) and world data sets

(0.48–0.98). These indices correlate weakly to moderately

with chemometric activity descriptors, with correlation

coefficients being 0.4–0.67 and 0.15–0.66 for the Europe

and world data sets, respectively. The representative

correlograms in Figure 13 show rather obvious relationships

between some development indices (policy, diffusion,

access, and DAI) and scientific (Tot), chemical (Ch2www),

and chemometric (Chempubs) publishing. In spite of

noticeable dispersion, the general tendency can be observed:

higher index values are related to higher chemometric
en chemometric activity descriptors and development indices

ds are marked with domain names as in Table V.
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activity. This fact may be related with earlier observations

[66–68] that national scientific efforts are well correlated with

scientific production.

PCA and HCA with complete linkage method were

performed for both Europe and world data sets due to

correlations between the 22 descriptors. The Europe data set

is well characterized by two principal components when

leave-one-out crossvalidation is applied (PC1: 65%, PC2:

20%, and PC3: 3% variance, with root mean square error of

cross validation RMSECV 2.95, 2.05, and 1.94, respectively).

The biplot in Figure 14 was constructed as described by
Figure 14. PCA biplot for the Europe data set (marked with count

chemometrics and the presence of SCI publications with chemome

and sub-clusters are drawn in gray tones. The descriptors are ma

Copyright # 2007 John Wiley & Sons, Ltd.
Geladi et al. [82] using the autoscaled data matrix X

(meancentered and scalled to unit variance). X was

decomposed as X¼US1/2 (S1/2V)TþE where U and V are

the orthonormal scores and loadings matrices, respectively,

and S and E are the singular values and residuals matrices,

respectively. Figure 14 shows noticeable clustering and

internal cluster structures that can be noticed also in the HCA

(not shown) and can be related to the geographic, historical,

and linguistic patterns already discussed in previous

sections. More intense chemometric activity is related mainly

to more negative PC1, where development indices (16–22)
ry domains as in Table V). The highest organization levels of

tr� in address are marked by different symbols. HCA clusters

rked with numbers as in Table II.
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Figure 15. HCA dendogram for the world data set, with clusters of different chemometric activity levels. Countries are marked by

their domains as in Table V. The existence of chemometric society or laboratory is marked by solid squares.
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and descriptors related to numbers of publications (1, 3, 5–14)

have more weight and descriptors related to the date of the

first publishing (2, 4) have low weight, that is, they indicate

longer publishing tradition. PC2 shows mild discrimination

with respect to the development indices and publishing

descriptors. Countries with chemometric societies and

laboratories are mainly concentrated in the high activity

cluster and partially in the two neighboring clusters. The

world data set is a qualitative extension of the Europe data

set when PCA is performed, and being described by two PCs

(PC1: 68%, PC2: 14%, and PC3: 4% variance, with RMSECV

2.73, 2.10, and 1.92, respectively). The corresponding HCA

dendogram (Figure 15) exhibits interesting cluster structure

with respect to the level of chemometric activity. The

countries with chemometric societies and laboratories and

chemometr� in addresses of SCI publications are concen-

trated in the high activity cluster and partially in the

moderate activity cluster. These countries are generally more

developed and make great efforts to invest in science and

technology. Based on these exploratory analyses, it is

possible to conclude that the descriptors based on the word

chemometrics as measures of chemometric activity showed

rather clear connection between chemometrics and scientific

and technological development.
4. CONCLUSIONS

The subject of the present work was the word chemometrics

in English and national languages from etymological,

linguistic, and bibliometric points of view. Internet and
Copyright # 2007 John Wiley & Sons, Ltd.
literature searches resulted in 82 orthographic and 127

pronunciation forms of chemometrics in 48 languages

belonging to 10 language families and language isolates,

distributed over all continents.

The orthographic end forms of the ‘-y’ and ‘-ics’ types as

well as other fragments of chemometrics show interesting

distribution patterns in Europe and Asia, significantly

determined by international scientific collaboration, the

country’s development and other extra-science factors such

as geography, history, and language. Complex classification

of these end forms into at least three groups (I, J, and K)

rather than in only two (I and K) is also demonstrated.

Correlation, Principal Component, and Hierarchical Clus-

ter Analyses of the Europe and world data sets described by

22 bibliometric, webometric, and country development

indices show that intensive chemometric activities are

generally related to considerable scientific production,

chemometric tradition, and satisfactory scientific and

technological development. These indices may indicate the

existence of chemometric laboratories and societies in most

countries under investigation. Europe and North America

are still the primary chemometric regions. Other English-

speaking countries, China, and Japan are also strong

chemometric regions. New chemometric regions are arising

in Latin America and throughout Asia. Africa, with the

exception of South Africa, is still far from notable chemo-

metric activity. It is expected that more homogeneous and

normally distributed geography of chemometrics in the

world would be achieved in a rather long time (70 years from

now).
J. Chemometrics 2006; 20: 247–272
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Florianópolis, SC, Brazil, 1999; 25–26.

8. Online Etymological Dictionary. http://www.etymonli-
ne.com/index.php [24 May 2006].

9. Merriam-Webster Online Dictionary. http://www.m-w.
com [24 May 2006].

10. Chemometr-ics/y. A message posted by Svante Wold at
ICS-L@listserv.umd.edu on February 24, 2006.
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