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STATISTICAL CHARACTERISTICS OF ROOT MORPHEMES IN TEXTS
OF SCIENTIFIC AND TECHNICAL DISCOURSE

The article examines the units related to the field of word-formation typology — root morphemes that form nouns. The
main linguistic space considered in which nouns function, the root morphemes of which are analyzed, is the technical texts
of three specialties related to scientific and technical discourse: “Chemical Engineering”, “Automotive Engineering”,
“Electrical Engineering”. These three specialties have practically no common scientific topics, so the generalized results
obtained can probably be used in the study of word-forming units for any area of scientific and technical discourse.
The texts were taken from the scientific articles in journals of relevant fields of technology from the UK and the USA:
Chemical Engineering Progress, Process Engineering; Machinery; Chemical and Process Engineering, Automobile
Engineering, Auto Industry; IEEE Transactions on Power Apparatus and Systems, Proceedings of the Institution of
Electrical Engineers. Based on these texts, three text corpora “Chemical Engineering”, “Automotive Engineering”,
“Electrical Engineering” were compiled. The size of text corpora is 200 thousand tokens for the specialties “Chemical
Engineering” and “Electrical Engineering” and 300 thousand tokens for the specialty “Automotive Engineering”. Then
the frequency dictionaries were created on their basis. The object of the analysis was low-productive and non-productive
root morphemes, namely, their statistical characteristics. It was determined that there is some statistical balance between
such parameters as productivity, the number of nouns formed by adding affixes to root morphemes and the frequency of
their use in texts. For example, low-productive and non-productive root morphemes form nouns that function in texts
with a very high frequency of use (no lower than highly productive root morphemes); the number of nouns is one and a
half to two times greater than that of highly productive morphemes. The article also gives the reason for the lag in the
quantitative indicators of root morphemes from the statistical values of other affixes.
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CTATUCTUYHI XAPAKTEPUCTUKH KOPEHEBUX MOP®EM Y TEKCTAX
HAYKOBO-TEXHIYHOI'O JUCKYPCY

Cmammas po3ensidae oOunuyi, AKi cMocyiomscs 001acmi cio8omeopuoi munonoeii — kopenesi Mmopgemu, ujo ymeo-
proiomy imennuky. OCHOGHUI OOCHIONCYBAHUL TTHSGICMUYHULL NPOCMID, 8 AKOMY QYHKYIOHYIOMb IMEHHUKU, KOPEHe6i
Mopghemu AKUX AHANIZYEMBCA, € MEXHIUHI MEKCMU MPbOX CReYianbHOCMel, WO HAEeHCaAmb 00 HAYKOBO-MEXHIUHO20 OUC-
Kypcy: «Ximiune mawunodyoyeannsny, «Aemomoobinebyodysanusny, «Enexmpomexuixkay. Jlani mpu cneyianohocmi npak-
MUYHO He MAlOmMb 3A2ANbHUX HAYKOSUX MeM, MOMY OMPUMAHI Y3a2albHeHT Pe3yibmamu MOJCymy 6ymu UKOPUCmai 6
00CIOXHCEHHT CLIOBOMBIPHUX OOUHUYD O 0YOb-AKOT 2ay3l HAYKOBO-MeXHiuH020 ouckypcy. Texcmu 6ynu 3ami 3 nayko-
8UX cmamell y JCYPHANAX 8ION0GIOHUX oonacmei mexwixu Benuxoopumanii 3i CIIIA: Chemical Engineering Progress;
Process Engineering;, Machinery;, Chemical and Process Engineering; Automobile Engineering, Auto Industry; IEEE
Transactions on Power Apparatus and Systems, Proceedings of the Institution of Electrical Engineers. Ha 6a3i yux mex-
cmis 6y10 CKOMRIIbLOBAHO MpU MeKCmogi Kopnycu « Ximiune MauuHo0yoysanusay, «Aemomobinedyoysanusny, « Enexmpo-
mexnixa». Qbcse mexkcmogux kopnycie 6ye no 200 muc. cno6ogaicusans y cneyianviocmeti « Ximiuhe MauuHoOy0y8aHHs»
ma «Enexmpomexuixa» ma 300 muc. cnogossxcueanis y cneyianonocmi « Aemomobine6yoysannsny. Jlani na ixnvoi ocrogi
oyno cmeopeno uacmomni crosuuxu. O6 ekmom ananizy cmanu MaionpoOyKmueHi i HenpoOyKmueHi Kopenegi mopgemu,
came — ix cmamucmuyuni xapaxmepucmuku. byno eusnaueno, wjo icnye neenuii cmamucmudHull OAIAHC MIdC MAKUMU
napamempamu K npoOyKMUGHICHb, KIIbKICMb IMEHHUKIB, YMBOPEHUX 3a 00ONOMO2010 NPUEOHAHHS AQIKCI8 00 KOpeHesUX
Mopghem, ma wacmomuicmio ix excuanus ¢ mekcmax. Tax, HanPuKIAo0, MaIONPOOYKMUGHT MA HENPOOYKMUGHI KOpeHesi
Mopdemu Yymeoprooms iMeHHUKY, AKI QYHKYIOHYIOMb ) MeKCmax 3 0yiice 8UCOKOI0 YACMOMOI 8ICUBAHHA (He Hudicye,
HIDIC BUCOKONPOOYKMUBHI KOpeHegi Mopghemur), alle KilbKiCmb IMEHHUKIE )y Niemopa-0ea pazu Oinbuld, HidC Y npooyK-
mugHux mMopgem. Y cmammi maxodic Hagedeno npuuuny 8i0CMABaHHA KiNbKICHUX NOKA3HUKIE KOpeHesgux mopgem 6io

CMAmMUCMUuYHUX 8eIUYUH THUUX ApIKCis.

Knrouoei cnosa: yacmoma, npooyKmugHicmy, KilbKIiCHI 8eTUYUHU, YACMOMHULL CJIOBHUK, MEKCMOBULl KOPNYC.

Statement of problem. Literature review. The
analysis of units that have a low level of statistical
capabilities, for example, low frequency of use or low
productivity, is considered in statistical linguistics to
be no less important and interesting than the study of
units included in the list of high productivity. This can
be explained by the fact that, firstly, units operating
with low frequency or low productivity, in terms of
the quantitative parameter of uses in texts, far exceed
this statistical characteristic of high-frequency units;
secondly, the dialectics of changes occurring in sys-
tems and objects (including linguistic ones) is such
that those which yesterday or currently shows very
little frequency of use, after some time becomes
extremely in demand, and the previous characteristics
and concepts that were considered preferable for use,
go to the periphery of public consciousness and life
(Barber, 1964), (Bybee, 1985). Therefore, the results
of analysis of units with insignificant statistical char-
acteristics can provide the basis for their further study
and use by theoreticians and practitioners specializ-
ing in the following humanities: linguistics of texts
of any type of discourse (Wales, 2014); a methodol-
ogy for teaching foreign languages, which provides
for the presentation of not only the most frequent text
units, but also less frequent ones (Ilepe6iiinic, 2008);

statistical linguistics and general statistics (Dornyei,
2007).

However, no data was found in the available lit-
erature on the analysis of morphemes (and root mor-
phemes in particular) with low productivity found in
text corpora of technical specialties. Therefore, such
a linguistic topic represents an undoubted novelty in
the field of word-formation typology.

Goal of the article. The purpose of this article
is to describe the statistical characteristics of root
morphemes that are found in texts as part of lexemes
derived from the root stem, i.e. the article considered
only units that were subjected to the derivation pro-
cess. By statistical characteristics we mean the follow-
ing: 1) frequency of use of root morphemes in texts;
2) the value of the total number of root morphemes;
3) the number of lexemes formed by attaching vari-
ous affixes or also root elements to root morphemes;
4) productivity, i.e. the number of new words (deriv-
atives) that a root morpheme was capable of creat-
ing by adding affixal units and which are fixed in the
compiled texts.

Since root morphemes with high productivity
have already been considered in other articles by the
authors (Nevreva, Grodskaya, Sirotenko, 2019) this
article is devoted to presenting the results of the anal-
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ysis of low-productive and unproductive root mor-
phemes. Productivity was calculated as follows: pro-
ductive root morphemes are considered to be capable
of forming from 5 to 10 lexemes; unproductive root
morphemes form 3-5 lexemes; non-productive roots
form 1 lexeme.

Texts from three technical specialties that relate
to scientific and technical discourse were taken as
research material. A few words about the text corpora
themselves. They were created on the basis of scien-
tific articles in the following three technical areas of
knowledge: “Chemical Engineering”, “Automotive
Engineering”, “Electrical Engineering”. The articles
used for the text corpora were published in USA and
UK scientific journals: Chemical Engineering Prog-
ress; Process Engineering; Machinery; Chemical and
Process Engineering; Automobile Engineering, Auto
Industry; IEEE Transactions on Power Apparatus and
Systems, Proceedings of the Institution of Electri-
cal Engineers. The size of the text corpora “Chemi-
cal Engineering” and “Electrical Engineering” is
200 thousand tokens, the one of “Automotive Engi-
neering” corpus was slightly larger and amounted to
300 thousand tokens.

It should be noted that these three specialties were
not taken arbitrarily, but for a specific purpose — to
show the results of statistical analysis obtained on the
basis of texts, the specialties of which are completely
unrelated to each other in their topics. Of course, one
could argue that automotive texts may include some
electrical engineering concepts since a car has an
electrical part (drive). However, the corpus on elec-
trical engineering itself consists of texts, the scientific
direction of which is mainly related to electrical man-
agement, the main task of which is the delivery of
electricity to industrial or economic facilities, as well
as consumption problems.

Thus, we can argue that thematically these three
text corpora are independent units that do not have
common or related topics. The need for such text
objects is associated with the authors’ decision to
obtain the results of a statistical analysis of a gen-
eralized type, which may be suitable for texts of
any specialty referred to scientific and technical dis-
course.

................................................................................

The problem with different sizes of text corpora
was solved with the introduction of another addi-
tional statistical operation into the process of statis-
tical analysis — converting absolute frequencies into
relative ones and presenting data as percentages.

First of all based on all three text corpora the corre-
sponding frequency dictionaries were created, which
are a list of word forms used in texts and arranged in
descending order of frequency. It was word forms that
were represented in the dictionaries, and not words
into which all forms of a word are usually combined,
as is normally recorded in dictionaries, which allows
researchers to analyze the whole variety of forms that
function in real texts.

For the convenience of carrying out the future
analysis the frequency lists are divided into high-fre-
quency (from the beginning of the list to frequency
7) and low-frequency zones (from 7 to 1). This makes
it possible to determine the most reliable, from a sta-
tistical point of view, values of tokens found in texts.

Base Material. This part of the article is devoted
to the actual description of low-productive and
unproductive root morphemes, recorded in both high-
frequency and low-frequency zones of frequency dic-
tionaries of three specialties. First of all, it should be
noted that many root morphemes that did not show
high productivity in the high-frequency zone turned
out to be productive in the low-frequency zone, for
example, in the corpus of the specialty “Chemical
Engineering” the root morpheme ‘flow’ is registered
in two lexemes: flow, overflow. In the low-frequency
zone there are five lexemes: ‘underflow, counterflow,
inflow, microflow, outflow’. In addition, the lexeme
‘flow’ is included in 14 composites. Representing
highly specialized terms, for example, ‘air-flow, plug-
flow, flow-path, radial-flow, flow-splitter, contraflow,
crossflow, flowmeter, flow-properties, flow-ratio,
free-flow, parallel-flow, back-flow, steady-flow’.

The statistical characteristics of quantity, produc-
tivity and frequency of occurrence of low-productive
root morphemes recorded in all zones (high-frequency
and low-frequency) of the dictionaries are presented
in the table.

The data showing in the table can interpreted in
the following way. The lowest occurrence of root

Table 1

Low-productive root morphemes in the texts corpora and their (morphemes) percentage

Quantity

T
ext corpora Root morphemes (%)

The lexemes with root
morphemes (%)

Frequency of use of lexemes
with root morphemes (%)

Chemical engineering 121 (0,06%)

254 (0,127%) 16785 (8,39%)

Automotive 125 (0,042%)

335 (0,112 %) 26965 (8,99%)

Electrical engineering 109 (0,055 %)

231 (0,116%) 20972 (10,49%)
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morphemes is observed in the texts on automotive
industry — only 0.042%. In the text corpora on
chemical engineering and electrical engineering the
frequency of occurrence is almost similar— 0.055% —
0.06%. The values that show the number of lexemes
formed on the basis of root morphemes, i.e. exactly
the productivity of root morphemes, practically repeat
the order in which the previous values are located,
demonstrating the number of root morphemes, and are
presented in the following order: the largest number
is found in the texts on chemical engineering, in the
second place there are morphemes functioning in the
texts on electrical engineering, the smallest number
of lexemes with root morphemes are observed in the
texts on automotive industry.

Based on the data of the number of lexemes formed
by attaching affixes to root morphemes (productivity),
we can conclude that the authors describing technical
phenomena and new inventions, for example, in
the field of chemical engineering, do not introduce
new terms into the lexicon, but strive to use the old,
understandable to all specialists, derivatives with a
basic element having a “core” meaning. Conversely,
the authors of scientific articles describing inventions
in the field of automotive industry prefer to introduce
completely new units that have not been used before
into the terminology system of this specialty.

Itwould seem that the order represents a completely
stable picture of the distribution of root morphemes
across the text corpora under consideration. However
the last value which characterizes the frequency of use
of lexemes with root morphemes occurred in the text
corpora, presents unexpected data. The text corpus on
electrical engineering takes the first place in terms of
frequency of repetition of lexemes with a significant
gap from the other two corpora (10,49%). In the
second place there is the text corpus “Automotive
Engineering” (8.99%), and in third and last place is
the corpus on chemical engineering (8.39%), which
was the leader in previously presented values.

First of all, let’s consider the nomenclature of root
morphemes recorded in the high-frequency zone of
the frequency dictionary. Here the low-productive
root morphemes account for a total of about a third
of the inventory of this type of morpheme in the
high-frequency zone in each of the text corpora,
with the number of low-productivity roots varying
across corpora. Thus, in the text corpus on chemical
engineering, 13 high-frequency root morphemes are
registered: ‘flow, press, vapor, heat, carbon, pipe,
form, dense, product, tube, process, case, figure’. In
the texts on the specialty “Automotive Engineering”
there are 32 root morphemes: ‘line, type, load, control,
time, engine, car, product, weight, air, combustion,
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drive, point, sign, test, gear, part, serve, way, wheel,
motor, speed, force, operate, power, condition,
cylinder, use, cam, emission, heat, percent’. The
electrical engineering corpus contains 15 high-
frequency root morphemes: ‘volt, line, conduct, load,
meter, break, resist, test, fact, model, pulse, station,
figure, insulate’.

However the bulk of root morphemes, which are
part of low-nproductivity roots, have an average
frequency of use; they are also included in the high-
frequency zone of dictionaries. In the corpus on
chemical engineering, their number is 105 units, in
the texts on automotive engineering — 93 morphemes,
in the texts on electrical engineering — 85 units.

In the low-frequency zone of the
dictionaries there is a very small number of
root morphemes: in the dictionary “Chemical
Engineering” — only 3 morphemes, in the dictionary
“Electrical Engineering” — 9 morphemes, in the
frequency dictionary “Automotive Engineering” they
are absent.

If we consider the entire composition of low-
productivity root morphemes from the point of view
of their lexical meanings, we can note that they
relate mainly to the stylistically neutral and general
scientific layers of vocabulary, for example, ‘turn,
change, effect, place, fact, clear, differ’, etc. However
these roots, when combined with affixes and other
root morphemes, are capable of producing terms
including highly specialized ones. For example,
the root morpheme ‘change’ forms the following
word-terms: ‘exchanger, interchanging, change-out,
change-over; root morpheme ‘break’ terms ‘breaker,
breakage, break-down, break-up’; the root morpheme
‘clear’ produces the terms ‘clearance, closed-
clearance, clearance-porket’, etc. The number of
low-productivity lexeme-terms is not very large;
in the high-frequency zones of the three frequency
dictionaries their total shares are registered from
17.5% to 23%.

The next question concerns non-productive
morphemes found in the texts of the three specialties.
As noted above, non-productive root morphemes are
units that form no more than one lexeme. This type of
root morphemes turned out to be the majority in the
texts studied — 65.7-68.3% — of the total number of
root morphemes. The statistical parameters of non-
productive root morphemes are presented in the table,
and the statistical indicators (as already mentioned in
the work conditions) here were taken from the total
number of word forms functioning in the texts, i.e.
200 thousand or 300 thousand (“Automotive”) tokens.

If to compare the data in this table to the data in
Table 1, we can note undoubtedly more significant
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Table 2

Non-productive root morphemes in the texts corpora and their (morphemes) percentage

Quantity

Text corpora Root morphemes (%)

The lexemes with root
morphemes (%)

Frequency of use of lexemes
with root morphemes (%)

Chemical engineering 232 (0,12%)

232 (0,12%) 14195(7,1%)

Automotive 273 (0,09%)

273 (0,09%) 18855 (6,3%)

Electrical engineering 238 (0,12%)

238 (0,12%) 15758 (7,9%)

quantitative values, which demonstrate, firstly, the
presence of a larger number both in absolute frequen-
cies and in percentage terms (more than twice) of the
inventory of root morphemes, recorded in the list of
non-productive morphemes of this type. Moreover,
there is a coincidence of numerical values in the texts
on chemical engineering and electrical engineering,
and a slightly smaller value for root morphemes found
in the texts on automotive engineering. Secondly,
some clarification is needed so that there are no mis-
understandings with the understanding of the same
numerical values in the indicators of non-productive
root morphemes and nouns derived from them — they
are the same, since non-productive root morphemes
are capable of creating no more than a single noun.
And, finally, the frequency of use of non-productive
morphemes is quite high, practically no lower than
that of low-productivity morphemes, because all
non-productive morphemes are realized in texts with
a very high frequency of use and are located in the
high-frequency zone of the frequency dictionaries.

Thus, there is a certain balance between the
very insignificant amount of root morphemes real-
izing their function of forming derivatives and the
very large amount of frequency of use in the texts,
which shows a certain compensatory ability in non-
productive morphemes. Thus, among non-productive
morphemes in the texts on chemical engineering, 10
high-frequency ones are identified: ‘type, liquid, size,
corrosion, rate, acid, time, condition, equip, unit’; in
the texts of the specialty “Automotive Engineering”
there are 17 units of such morphemes: ‘valve, road,
level, brake, develop, model, system, fuel, industry,
vehicle, flow, automobile, fluid, rear, steel, economy,
standard’; in the electrical engineering texts — 6 mor-
phemes: ‘current, time, circuit, system, case, condi-
tion’.

Medium-frequency non-productive roots are
registered: 127 units in the frequency dictionary for
chemical engineering; in the automotive industry 125
units; in electrical engineering 191 units. The remain-
ing non-productive roots have a low frequency of
occurrence.

Comparison of the inventories of root morphemes
of the three frequency dictionaries under study
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allowed us to identify 153 identical roots. Eighteen
of them are low-productivity, for example, ‘charge,
control, face, heat, limit, line, lead, meter’, etc. They
form 28 lexemes, which are the same for frequency
dictionaries. In addition, the inventory of identical
root morphemes includes 54 common non-productive
roots, for example, ‘character, class, complex, func-
tion, metal, motor, strength, plant’, etc., which form
51 lexemes common to all three text corpora, for
example, ‘characteristic, complexity, functionality,
metallurgy’, etc.

The productivity of other common root mor-
phemes manifests itself in the texts of different spe-
cialties in different ways. So, for example, the root
‘mix’ in the texts on chemical engineering is a low-
productivity one, and in the texts on automotive and
electrical engineering it is non-productive in general;
the root ‘ground’ is of low productivity in the texts
on automotive and electrical engineering, but has
the rank of non-productivity in the texts on chemical
engineering.

In general 81% of the same root morphemes
for the three text corpora form lexemes of stylisti-
cally neutral and general scientific vocabulary, for
example, ‘process, instrument, search, space’, etc.;
the terms are created by 19% lexemes, for example,
‘curve, engine, pulse, metal, load, tube’, etc.

It would be of interest to conduct a compara-
tive analysis of the inventory lists of nouns imple-
mented in the three text corpora under study,
because knowledge of the words of one frequency
dictionary of any specialty can significantly facili-
tate the task of a recipient to master the basic vocab-
ulary units of texts of other specialties. Thus, as a
result of comparison of inventory lists of nouns,
355 non-derivative and derived units were identi-
fied common to the three frequency dictionaries, as
well as 124 words common to the texts on chemical
engineering and automotive engineering, as well as
110 words common to the texts on chemical engi-
neering and electrical engineering and 99 nouns for
specialties “Automotive Engineering” and “Elec-
trical Engineering”.

So the common nouns make up 23-24% of the
lexicon of each of the three corpora. If we take into



...............................................................................

account the common words of other parts of speech,
as well as common words from the class of words-
filler (prepositions, conjunctions, articles, pronouns,
etc.), then the proportion of common words will be
much higher. More or less common vocabulary for
technical specialties is inevitable, since they are
based on both a single language system and more or
less general technical concepts.

Conclusions. Thus all of the above allows us to
draw the following conclusions. Root morphemes do
not exhibit high combinative ability. The low produc-
tivity of root morphemes is a natural phenomenon
and can be explained as follows. The root morpheme,
as the main part of the word, is obligatory for every
word, while, for example, affix morphemes are not
an obligatory part of the word. A root morpheme can
exist independently, without being combined with
other morphemes, and in the text corpora under con-
sideration, most words are used without derivational
morphemes. The sets of prefixes and suffixes are rela-
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tively limited and vary slightly between corpora in
both composition and productivity. Consequently,
the same prefix or suffix morpheme can theoretically
combine with an infinite number of root morphemes,
while the same root morpheme does not have such
capabilities.

The results of the analysis of quantitative char-
acteristics suggest that there is a certain statistical
balance between the very insignificant amount of
implementation by root morphemes of their function
of forming derivatives and the very large value of fre-
quency of their use in texts, which is demonstrated on
the basis of unproductive units (in our case, in unpro-
ductive and unproductive root morphemes) some
compensatory ability.

The results obtained make it possible to continue
the research begun in the field of word-formation
typology and move on to the analysis of determining
the differences in statistical characteristics of nouns
formed from both noun and verbal root morphemes.
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