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Abstract

This paper presents an analysis of the syn-
tagmatic productivity (SynProd) of different
classes of multiword expressions (MWEs) in
English scientific writing over time (mid 17th
to 20th c.). SynProd refers to the variability
of the syntagmatic context in which a word or
other kind of linguistic unit is used. To measure
SynProd, we use entropy. The study reveals
that, similar to single-token units of various
parts of speech, MWEs exhibit an increasing
trend in syntagmatic productivity over time,
particularly after the mid-19th century. Fur-
thermore, when compared to similar parts of
speech (PoS), MWEs show a more pronounced
increase in SynProd over time.

1 Introduction

In this paper, we examine the syntagmatic produc-
tivity of multiword expressions (MWEs) in English
scientific writing, focusing on diachronic changes
from the mid-17th century to the present. The syn-
tagmatic productivity of a word refers to its ability
to combine with other words in various syntactic
contexts to form meaningful and coherent expres-
sions. We use entropy to measure how often and
in which ways a word can appear in different syn-
tagmatic (sequential) relationships within larger
constructions.

From a communicative perspective, multiword
expressions play an important role in language effi-
ciency because they are usually highly convention-
alized. MWEs consist of combinations of words
that are mutually highly predictable and often pro-
cessed as single chunks, providing a significant
processing advantage for language users. Their
use in scientific writing is particularly noteworthy,
given the high informational load typical of the
scientific domain, where MWEs function as tools
to smooth the information density over a message
(Conklin and Schmitt, 2012).

It has been shown that scientific writing becomes
increasingly conventionalized over time (see e.g.,
Degaetano-Ortlieb and Teich (2019) and Teich et al.
(2021)), and that different classes of MWEs exhibit
distinct diachronic tendencies in terms of associa-
tion measures (Alves et al., 2024b) and discourse
functions (Alves et al., 2024a).

In this study, our aim is to use entropy as a mea-
sure to analyze changes in the syntagmatic pro-
ductivity of different classes of MWEs over time,
comparing them to changes in individual tokens
within similar parts of speech (e.g., compounds
compared to nouns, and phrasal verbs compared to
single-token verbs). Our hypothesis is that, due to
a conventionalization process regarding the usage
of MWEs, the syntagmatic productivity of these
constructions presents a more pronounced increase
over time when compared to their single-token
counterparts.

The remainder of the paper is organized as fol-
lows. In Section 2, we discuss related work on
the characterization of MWEs in English scientific
writing. Sections 3 and 4 present our methods and
results, respectively. We conclude with a summary
of our findings and perspectives for future work in
Section 5.

2 Related Work

From a linguistic standpoint, numerous corpus-
based studies have explored MWEs across vari-
ous registers, including the scientific domain (e.g.,
Biber and Barbieri (2007); Hyland (2008); Liu
(2012)). Some of these studies provide lists of
MWEs used in academic texts, which are extracted
using corpus-based methods such as frequency and
mutual information (e.g., Simpson-Vlach and Ellis
(2010)). However, these studies primarily focus on
synchronic analysis and provide valuable data for
manuals aimed at improving writing skills.

Regarding NLP research, most studies focus on
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the correct identification and extraction of MWEs
(Ramisch et al., 2023). The PARSEME initiative
(Savary et al., 2015) provides valuable corpora and
guidelines for annotating MWEs, however, their ap-
proach is restricted to verbal MWEs and the avail-
able corpora concern only recent texts.

A characterization of different classes of MWEs
in scientific English, based on dimensions of infor-
mation (i.e., dispersion and association), was pro-
posed by Alves et al. (2024a). The authors demon-
strated that specific formulaic expressions com-
monly used in scientific writing exhibit a stronger
diachronic tendency to increase the association be-
tween the units forming the MWEs.

Moreover, Alves et al. (2024b) demonstrated
that different types of MWEs, used for specific dis-
course functions (e.g., referential expressions and
discourse organizers), exhibit distinct diachronic
changes that are linked to the linguistic needs of
different time periods.

As shown by Ramisch et al. (2023), the iden-
tification and evaluation of MWEs can be highly
problematic, especially when dealing with specific
registers, as is the case in our study. The stud-
ies in the last two paragraphs demonstrate that the
methods used in our analysis are quite robust for
identifying MWEs in a diachronic scientific corpus
of English.

Regarding the syntagmatic productivity of differ-
ent parts of speech in scientific writing, it has been
shown that from 1660 to 1920, all parts of speech
exhibit an increasing tendency, with a more pro-
nounced slope starting around 1840 (Fankhauser,
2025). However, in this study, MWEs were not
considered.

3 Methods

3.1 Data

In our analysis, we use the Royal Society Corpus
(RSC) 6.01, a diachronic corpus of scientific En-
glish spanning the period from 1665 to 1996. This
resource consists of 47,837 texts (295,895,749 to-
kens), primarily scientific articles from various
fields, including mathematics, physical sciences,
and biology. It is based on the Philosophical Trans-
actions and Proceedings of the Royal Society of
London (Fischer et al., 2020). The distribution of
texts per discipline over time was not controlled in
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this analysis; this issue will be addressed in future
work.

The corpus was parsed with the Stanza tool (Qi
et al., 2020) using the combined model for the En-
glish language trained on different UD corpora (i.e.,
EWT, GUM, GUMReddit, PUD, and Pronouns).
To identify the different classes of MWEs in the
RSC, we followed the methodology proposed by
Alves et al. (2024a). Once identified, the MWEs
were combined into a single token (with spaces
between tokens replaced by a character not seen in
the corpus: ||) and labelled according to the classes
described below.

• compound - combinations of tokens that mor-
phosyntactically behave as single words (e.g.,
water content, sea waves)

• flat - this relation combines elements of an
expression where none of the immediate com-
ponents can be identified as the sole head us-
ing standard substitution tests. For example:
Hillary Clinton and San Francisco

• phrasal verb (e.g., shut down and find out)

• fixed - used for certain fixed grammaticalized
expressions which tend to behave like func-
tion words (e.g., because of, in spite of, as
well as).

• Academic Formulas List (AFL) - list of formu-
laic expressions proposed by Simpson-Vlach
and Ellis (2010) automatically extracted from
academic texts (e.g., in terms of, at the end of,
whether or not)

In total, 3,147,703 types of MWEs were identi-
fied in our corpus. The distribution of these types
across the different classes is presented in Table 1.

Class Number of Types
compound 2,523,696
flat 604,057
phrasal verb 16,337
fixed 3,107
AFL 506

Table 1: Distribution of the MWEs types in the RSC
according to their MWE class.

3.2 Syntagmatic Productivity
As previously mentioned, the syntagmatic produc-
tivity of a word refers to its ability to combine
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with other words in various syntactic contexts and
form meaningful and coherent expressions. This
can be measured using entropy as described by
Fankhauser (2025): The syntagmatic productivity
of a term is the entropy over all syntagmatic neigh-
bours of a word x within a contextual window Cx

of +/- 3 (see Formula 1).

SynProd(x) = −
∑

ci∈Cx

p(ci|x)log(p(ci|x)) (1)

Entropy is a measure of uncertainty or variability
in a system, and in the context of syntagmatic pro-
ductivity, it quantifies the diversity of words that
co-occur with a given term. A higher entropy value
indicates that a word appears in a wide range of syn-
tactic contexts with many different neighbors, sug-
gesting greater syntagmatic flexibility. On the other
hand, lower entropy implies that the word tends to
co-occur with a more limited set of words, reflect-
ing restricted combinatory potential. By capturing
the distributional diversity of a word’s syntagmatic
associations, entropy provides a numerical repre-
sentation of how productively a word participates
in different constructions within a given corpus.

For each class of MWEs, we calculated the av-
erage syntagmatic productivity per decade of the
RSC. Using a contextual window of 3, we define
L3 as the syntagmatic productivity in the left con-
text of each textual unit (single tokens and MWEs),
and R3 as the syntagmatic productivity in the right
context of each textual unit.

4 Results

4.1 Overall Syntagmatic Productivity

Figure 1 shows the average syntagmatic produc-
tivity of different classes of MWEs identified in
the RSC, analyzed per decade. These results are
compared to the average overall syntagmatic pro-
ductivity of all other tokens in the text (i.e., tokens
that are not part of MWEs, labelled as All).

As expected, all classes of MWEs exhibit an
increasing tendency regarding both R3 and L3, with
a more pronounced rise beginning in the mid-19th
century. This pattern aligns with the observations
reported by Fankhauser (2025) in their analysis of
different parts of speech up to 1920. The graphs
show that this rapid increase continues throughout
the entire 20th century, not only for the different
classes of MWEs but also for all other parts of

speech. This suggests an expansion in the range of
contexts where MWEs are employed.

Moreover, we observe that, although not identi-
cal, the R3 and L3 curves exhibit similar patterns
across all analyzed cases. When compared to the
curve representing the syntagmatic productivity of
other parts of speech, it becomes evident that fixed
and AFL MWEs display higher SynProd values, in-
dicating more diverse usage. This can be attributed
to the domain-independent, functional nature of
these expressions, as they do not refer to a spe-
cific entity or action and can therefore be used in
a wider variety of contexts. Additionally, from the
mid-18th century onward, the average SynProd val-
ues of these two classes diverge even further from
the All values, suggesting a growing convention-
alization in the usage of these expressions in the
scientific register.

Compounds and flat expressions, due to their
more restricted meanings, exhibit lower SynProd
values compared to other parts of speech. How-
ever, the difference between these two classes of
MWEs and the All curve becomes less pronounced,
especially in the 20th century.

It is interesting to note that phrasal verbs, often
described as less common in academic prose (see,
e.g., Biber et al. (2021) and Brown et al. (2015)), ex-
hibit lower average values of L3 and R3 compared
to other parts of speech (All) until the mid-19th
century. However, they show an increasing trend in
the more recent decades, surpassing the All curve
in the final decades of the 20th century.

4.2 Syntagmatic Productivity per Class
To better understand the diachronic changes in syn-
tagmatic productivity across different classes of
MWEs, we compared them to the average Syn-
Prod of single-token units with comparable parts
of speech. Figures 2 and 3 present the L3 and R3
graphs, comparing: a) phrasal verbs to other verbs;
b) compounds and flat expressions to nouns and
proper nouns; c) fixed and AFL MWEs to function
words.

In all cases, changes are observed around the
mid-19th century. Regarding phrasal verbs, their
syntagmatic productivity is generally lower than
that of other verbs. However, there is a reduction
in the SynProd difference in more recent texts.

Compounds exhibit the lowest SynProd values
up to 1730, being used in more specific contexts.
However, after this decade, their average SynProd
value increases, bringing it much closer to the pro-
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Figure 1: Average syntagmatic productivity of the different classes of MWEs per decade of the RSC.

Figure 2: Average syntagmatic productivity considering the left context (L3) comparing MWEs with similar PoS.

Figure 3: Average syntagmatic productivity considering the right context (R3) comparing MWEs with similar PoS.
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ductivity of nouns in the RSC. In contrast, flat ex-
pressions start with higher SynProd averages but
do not show a significant increase until the mid-
19th century. When compared to proper nouns, flat
expressions have higher SynProd values from the
mid-19th century onward, even approaching the L3
SynProd of nouns in the final decades of the 20th
century.

Finally, fixed and AFL expressions are the
classes that surpass similar parts of speech in terms
of SynProd after the mid-19th century, confirm-
ing the widespread conventionalized usage of these
constructions in this register. In the later periods,
we observe that, with regard to L3 values, fixed
and AFL expressions exhibit quite similar averages.
However, this is not the case for R3, where AFL
expressions show higher syntagmatic productivity.

These results demonstrate that the use of MWEs
in scientific English broadens in terms of context
over time, exhibiting stronger increasing tendencies
compared to similar parts of speech. Furthermore,
they confirm the conventionalized and recurrent
usage of fixed and formulaic expressions in this
register.

It is important to mention that the size of the
sub-corpora representing each time period was not
controlled, which may affect the entropy values.
As future work, we intend to conduct the same
analysis using equal-sized samples for each period.

5 Conclusion and Future Work

In this paper, we have presented an analysis of
the syntagmatic productivity of different classes of
MWEs in scientific writing. Our investigation re-
veals that, like other single-token units with compa-
rable parts of speech, MWEs exhibit an increasing
tendency in SynProd, especially after the mid-19th
century, considering both left and right contexts.
We have also shown that, when comparing each
class of MWE with corresponding parts of speech,
MWEs tend to exhibit a more considerable increase
in syntagmatic productivity over time. In most
cases, the average SynProd values for MWEs are
lower; however, over time, the delta decreases, or
even reverses, as is the case for AFL and fixed ex-
pressions. In future work, we intend to compare the
tendencies regarding syntagmatic productivity of
MWEs to other information-theoretical measures
such as paradigmatic variability (i.e., the sets of
linguistic options available in a given or similar
syntagmatic contexts) and typicality.
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