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Abstract

Compression-based language complexity met-
rics show promise as holistic parameters for
measuring linguistic complexity across intra-
and cross-linguistic scenarios. Yet, their sensi-
tivity to specific forms of linguistic variation
requires further experimental validation. We
examine the sensitivity of this metric family to
register variation in Portuguese, a phenomenon
already established for English. We refine the
validation process found in previous literature
by introducing a more granular statistical anal-
ysis to evaluate both the individual and joint
sensitivity of these metrics to register varia-
tion at the sentence level. Our results confirm
they are highly sensitive to functional variation
in Portuguese, exhibiting the same structural
morphosyntactic trade-off consistent with that
observed in English and in cross-linguistic stud-
ies.

1 Introduction

Linguistic complexity is a fundamental concept for
both linguistic analysis and the development of lan-
guage technologies. In linguistics, complexity ap-
pears in sociolinguistics as a factor distinguishing
manifestations of the same language across differ-
ent situations (Biber and Conrad, 2009). It also
features in linguistic typology as a fundamental
variable of hypotheses such as the equicomplexity
hypothesis — that all languages are equally com-
plex — and the morphosyntactic trade-off hypothe-
sis — that the greater the morphological complexity
of a language, the lower its syntactic complexity,
and vice versa (Hockett, 1958; Bentz et al., 2023).

In Natural Language Processing (NLP), the con-
cept of complexity intersects with readability and
its cognitive counterpart, comprehension, in the
development of tools for democratizing access to
written language through algorithms for textual
simplification and elaboration (Leal and Aluisio,
2024).

The applicability of complexity across intra-
linguistic and inter-linguistic contexts has increas-
ingly revealed its potential as a cross-cutting lin-
guistic parameter. This provides a basis for im-
proving our understanding of language adaptation
mechanisms across different scopes, potentially
shedding light on the universals governing lan-
guage (Szmrecsanyi, 2009; Biber, 1995).

Existing tools available for measuring complex-
ity — such as Coh-Metrix (McNamara et al., 2014)
for English and NILC-Metrix (Leal et al., 2024)
for Portuguese — rely on a multivariate approach,
allowing the computation of several distinct yet
complementary complexity features. These tools
have been instrumental to complexity analysis and
the development of complexity-oriented technolo-
gies within their target languages; however, despite
their wide scope and interpretability, many of its
metrics depend on pre-existing structures, such as
syntax trees and morphological segmentations, thus
requiring specific computational resources. This
complicates the use of complexity as a general pa-
rameter, particularly in cross-linguistic scenarios:
many languages lack these resources, and where
they exist, implementation differences hinder com-
parability.

In this context, compression-based metrics (also
called Kolmogorov complexity metrics), developed
in Juola (2008); Ehret and Szmrecsanyi (2016), of-
fer a universal alternative. They are text-based
and function consistently across languages without
relying on tools like parsers. Grounded in infor-
mation theory, these metrics define complexity as
the information content of a text, estimated via bit-
level compression using off-the-shelf compression
algorithms like gzip. To isolate the complexity of
specific levels, such as syntax or morphology, they
apply random distortions primarily affecting the tar-
get level, and measure the impact on the resulting
compressed file size.

Experimental results have demonstrated the sen-
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sitivity of compression-based metrics to differ-
ent forms of linguistic variation, including varia-
tion across different languages and families (Juola,
2008; Serras et al., 2024a) as well as within the
same language (Ehret, 2021). These findings often
align with previous theoretical assumptions, allow-
ing for new perspectives on classic hypotheses. A
challenge, however, arises due to the linguistic gen-
erality of these assertions: Ehret (2021) shows that
these metrics are sensitive to variation between reg-
isters (established situational varieties within the
same language) for various registers of the English
language, even maintaining in the intra-linguistic
scenario a trade-off across registers between mor-
phological and syntactic complexities, as proposed
by Hockett (1958) for the cross-linguistic scenario.
However, the question remains: does this variation
hold true for other languages, such as Portuguese?
If so, to what extent does it occur and how does its
behavior differ from English?

Extending these results and answering these
questions are essential for understanding the uni-
versality of these phenomena and how the com-
plexity parameters involved can be used to inform
holistic theories about the functioning of human
language. Accordingly, the aim of this work is to
extend these results to the Portuguese language,
specifically answering the following questions: (i)
Do compression-based metrics vary by register
in Portuguese? (ii) Does this variation maintain
a trade-off between syntactic and morphological
complexity, as observed for English? (iii) How
do these variation patterns resemble or differ from
those in English?

To answer these questions, we focus on the sen-
tence level, since experimental results indicate that
(i) the variation in linguistic behavior at the sen-
tence level is significant between registers of Por-
tuguese (Serras et al., 2024b, 2026), (ii) this varia-
tion occurs mainly in terms of informational den-
sity (Biber, 1988; Serras et al., 2026), and (iii) at
least at the cross-linguistic level, the dynamics be-
tween morphological and syntactic complexity oc-
cur within scopes similar to the sentence, with inter-
sentential complexity remaining constant among
different linguistic manifestations (Juola, 2008).

We seek not only to build upon previous results
in other languages, helping to establish a more ro-
bust foundation for the use of compression-based
complexity metrics as a general linguistic parame-
ter, but also to offer a fresh perspective by extend-
ing these results and evaluating these phenomena at

the sentence level. Furthermore, we aim to provide
greater confidence to the Portuguese NLP com-
munity regarding the application of compression-
based metrics, promoting its use in tasks addressing
linguistic variation and complexity, such as simpli-
fication and elaboration, readability assessment,
and the detection and classification of Portuguese
situational varieties.

Although we initially expected the studied com-
plexity metrics to function in Portuguese simi-
larly to English, this cannot be guaranteed with-
out experimental verification. Results suggest that
some languages, such as Sino-Tibetan languages
(Shcherbakova et al., 2023), may not exhibit the
same morphosyntactic trade-off behavior observed
for many languages. Furthermore, register varia-
tion interacts intricately with the unique cultural
environment of each language and may accom-
pany the age and hegemony of literate institutions
(Biber, 1995). Thus, we put the hypothesis of simi-
lar behavior in Portuguese to the test, establishing a
methodology distinct from prior works, focused on
the sentence level, clearly differentiating the joint
and individual capabilities of each metric, while
trying to maintain maximum statistical rigor.

The remainder of this paper is organized as fol-
lows: Section 2 details the methodology, including
the complexity metrics, dataset, experimental setup,
and statistical procedures; Section 3 presents our
results and analysis, while an in-depth discussion
is provided in Section 4; Section 5 addresses lim-
itations and future steps; and Section 6 offers our
concluding remarks.

2 Methodology

In this section we describe the compression-based
complexity metrics under study (Section 2.1), the
Portuguese language datasets used (Section 2.2),
the experimental setup (Section 2.3), and the sta-
tistical procedures applied to analyze the results
(Section 2.4).

2.1 Compression-Based Metrics

Compression-based linguistic complexity metrics
measure structural linguistic complexity. These
metrics quantify informational redundancy and ir-
regularity within linguistic representations across
various levels of linguistic analysis (Ehret, 2021).
The assumption behind these metrics is that
the complexity of a sequence of symbols can be
equated with the amount of information it contains,
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or with the size of the smallest representation re-
quired to reconstruct it. Highly redundant and reg-
ular sequences permit greater lossless compression,
reflecting inherently lower information density and
complexity (Juola, 2008).

The theoretical limit of this compression is
known as Kolmogorov complexity. Compression-
based metrics approximate this limit using data
compression algorithms. These algorithms reduce
a sequence of symbols S to a compact version
K (S). In practice, compression is not optimal, but
it efficiently approximates the minimum representa-
tion, with its size | (S)| serving as an estimate of
the true complexity (Griinwald and Vitanyi, 2008).

Within this framework, the overall linguistic
complexity of a text T is estimated via the size of
its compressed representation, | K (7)|. To account
for the inherent dependence of the compressed size
on the original text length |T|, an adjusted com-
plexity score proposed by (Ehret and Szmrecsanyi,
2016) is usually adopted. This involves fitting a
linear regression between the length of the sam-
ples |T'| and their corresponding compressed sizes
|K(T)|. The residuals of this model are then uti-
lized as the measure of overall complexity, as in
Equation 1.

Co(T) = Res(|T', [K(T)]) (D

To assess complexity at a specific linguistic level
[, such as syntax s or morphology m, it is necessary
to estimate the portion of information transmitted
through that level. To do so, a random artificial
distortion is applied to the text to specifically af-
fect the redundancy and regularity patterns of the
target level (T — T"); the size of the compressed
distorted text | K (T")| is then compared to the size
of the original compressed text | K (T")|. Syntactic
and morphological complexities' are subsequently
calculated as in Equations 2 and 3, respectively.
The way these metrics are computed reflect the
way each of these levels is expected to react to the
distortion process. A more in-depth discussion can
be found in Ehret and Szmrecsanyi (2016).

Cs(T) = WK((I;)“ 2

'We acknowledge the debate regarding the suitability of
“Syntactic” and “Morphological Complexity” as metric names.
Serras et al. (2024a) proposes “Extra-Word” and “Intra-Word
Complexity” as more appropriate descriptors. While we recog-
nize the validity of these reservations, we retain the standard
nomenclature to ensure consistency with previous literature.

K@) .

| K (T

Deletion is the most commonly used distortion
process, in which 10% of the sample is randomly
deleted. When syntax is the target level, 10% of
the words in the sample are deleted, while for mor-
phology, 10% of the characters within the words
are deleted.

The syntactic complexity metric C; is a a mea-
sure of the number of word order rules and the
resulting rigidity of word arrangement within the
sample. For morphology, C,, estimates the diver-
sity of word forms present in a sample, encom-
passing both lexical diversity and the variety of
inflectional and derivational mechanisms.

We adopted Serras et al. (2024a)’s implemen-
tation of compression-based complexity metrics.
Beyond the metrics explored so far, this package
includes an alternative approach to morphologi-
cal complexity C}, proposed by Juola (2008). In-
stead of applying deletion-based distortion, this
variant replaces words with unique numerical in-
dices, maintaining relative word order while elim-
inating internal structure(I’ — T™*). It also em-
ploys a distinct combination method of resulting
file sizes (Equation 4). As the implementation sup-
ports both gzip and bzip2 compressors, we chose
to experiment with both.

Cn(T) =

c: (1)~ K@)

= 4
KT @

2.2 Data and Text Types

Various forms of linguistic variation result in differ-
ences in complexity. In this study, following Ehret
(2021), we focus on structural complexity differ-
ences stemming from intra-linguistic variation at
the register level.

Registers are varieties of a language charac-
terized by pervasive differences in linguistic fea-
tures, which reflect a functional response to the
specific situational context of production. Regis-
ters constitute a wide-ranging category of variation
encompassing diverse levels of generality, where
more general registers comprise more specific ones
(Biber and Conrad, 2009).

To focus on sentence-level distinctions, this
study utilizes the carol-domain-sents dataset
(Serras et al., 2026)?, comprising sentences ex-

2https://huggingface.co/datasets/
carolina-c4ai/carol-domain-sents
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tracted from a deduplicated version of the Carolina
Corpus (Finger et al., 2025), a general corpus of
contemporary Brazilian Portuguese. Each sentence
is annotated with several categories, including
source typology — broadly corresponding to the
concept of register defined above. Given its orig-
inal design for sentence classification, the dataset
encompasses three splits, which were merged for
this experiment.

We constructed a balanced subset by sam-
pling 3,000 sentences from each of the 20
registers with the highest sentence counts in
carol-domain-sents, including “ACTIVITIES
/  EXPERIENCE SHARING”, “ARTICLE”,
“EDUCATIONAL RESOURCES”, “JURIDICAL
REPORT”, “NEWS”, “OPEN COURT HEARING”,
“PRECEDENTS BULLETIN”, “SCIENTIFIC NEWS”,
“SUBTITLE”, “TRAVEL GUIDE”, “TWEET”,
“USER PAGE”, “VIRTUAL DISCUSSION”, and
“VOCABULARY ENTRY”. Following an exploratory
analysis, we excluded the registers “PROPOSAL OF
BINDING PRECEDENT”, “APPELLATE DECISION
RECORDS”, “JURIDICAL TOPIC PUBLICATION”,
“STUDY OF PRECEDENTS”, “JURIDICAL SPEECH”
and “REQUEST FOR PROPOSALS” from the
“Juridical” domain, due to frequent sentence
segmentation and PDF extraction errors, which
could compromise the reliability of the computed
complexity values.

2.3 Experimental Setup

Our experiments consisted of computing
compression-based complexity metrics for various
samples of each register, using the values obtained
to investigate whether, as in English, these metrics
are also sensitive to linguistic variation at the
register level in Portuguese.

Since we focus on the sentence level, it would be
natural to use each individual sentence as a sample
for calculating complexity; however, compression
algorithms require a minimum volume of data to en-
sure pattern recognition and achieve compression
that approximates Kolmogorov complexity. For
this reason, we adopted the following alternative
setup: for each register, we constructed pseudo-
documents formed by uniformly sampling and con-
catenating sentences from that register. Follow-
ing Ehret (2016)’s recommendation, we fixed the
size of the pseudo-documents at a constant value
n — since the resulting texts do not share the same
propositional content — setting n = 250 sentences
and generating m = 250 pseudo-documents per

register.

The rationale for this setup is that, by randomly
sampling sentences from different documents and
combining them in random order, we disrupt any
inter-sentential patterns. Thus, the complexity mea-
sures reflect a combination of the complexities of
the individual sentences and the relationships be-
tween sentences that share the same register.

A similar sampling procedure is performed in
Ehret (2016); however, to our knowledge, it pre-
serves the relative order and single-document ori-
gin of sampled sentences, in contrast to our ap-
proach.

For each register, the pseudo-documents and
their respective complexity values, computed as
described, are used to examine the distinctiveness
of the registers based on the metrics. In the next
Subsection, we describe the statistical procedures
applied to these data to answer our research ques-
tions.

2.4 Statistical Procedures

As mentioned early, in this work we introduce a
more granular statistical analysis to evaluate both
the individual and joint sensitivity of compression-
based linguistic complexity metrics to register vari-
ation in Portuguese. We assessed several metrics:
morphological and syntactic complexities via dele-
tion (C),, and C5), and the variant of Juola (2008)
for morphological complexity via substitution C7;,
(See Section 2.1). These include two versions for
each metric: one using gzip as the underlying com-
pression algorithm and another using bzip?2.

We divided our statistical analysis into two
stages: (i) univariate analysis, in which we evalu-
ated the ability of each complexity metric to distin-
guish between registers, and (ii) multivariate anal-
ysis, in which we evaluated the combined power of
these metrics to explain linguistic variation across
registers.

In the univariate stage, we conducted an Anal-
ysis of Variance (ANOVA) (Huberty and Olejnik,
2006), a statistical method widely used to investi-
gate whether a numerical variable, the complexity
metric, differs significantly across groups defined
by a categorical variable, the registers.

The test is based on the computation of the F'-
statistic and its associated p-value. The F'-statistic
measures the ratio of between-group variability
(registers) M .Sp to within-group variability M Sy
(Equation 5). High F'-values indicate that the
means differ across registers and that register in-
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fluences the mean of the complexity metric under
evaluation.

_ MSg
- MSw

In addition to F, we computed the statistic 7?
(Huberty and Olejnik, 2006), which quantifies the
proportion of total variance in the complexity met-
ric SSr explained by register differences SSp
(Equation 6). Values of n? range from 0, indicating
that register explains none of the variation, to 1,
indicating that register explains all variation, and
as a rule of thumb n? > 0.14 is considered a large
effect size (Cohen, 2013). Since F' is sensitive to
sample size while 72 is not, we employed the lat-
ter to assess practical significance independent of
sample size.

F &)

o SSB
~ SSr
In the second stage, we conducted a Multivari-
ate Analysis of Variance (MANOVA) (Huberty and
Olejnik, 2006), to analyze the combined discrim-
inatory power of the evaluated complexity met-
rics. Given the multivariate nature of the analysis,
we utilized summary statistics; unlike the univari-
ate case, several summary statistics are available.
These statistics are derived from the eigenvalues
\; of the matrix product E~'H, where H denotes
the hypothesis matrix and E the error matrix. We
computed the following summary statistics:

n 6)

* Wilks’ Lambda (A): Represents the ratio
of error variance to total variance, defined as
A =TI, (1 + \,) L. Values closer to zero
indicate stronger group differences.

 Pillai’s Trace (U): Represents the sum

of explained variance proportions: U =

v=1 T f;j\v. It’s considered the most robust
statistic to assumption violations.

¢ Hotelling-Lawley Trace (1): The sum of
the ratio of explained variance to error vari-
ance for each dimension, calculated as T' =

D=1 Av-

* Roy’s Greatest Root (0): It is defined by
the largest eigenvalue, § = A, .x, represent-
ing the maximum possible difference between
groups.

To conclude the multivariate analysis, we per-
formed a Linear Discriminant Analysis (LDA) as a

follow-up to interpret the MANOVA results, identi-
fying the dimensions that best separate the registers
and determining the contribution of each complex-
ity metric to these distinctions (Huberty and Ole-
jnik, 2006). Prior to these analyses, we removed
redundant complexity metrics (correlation p > 0.8)
based on a correlation analysis, which also allowed
us to examine morphosyntactic trade-offs.

3 Results

In line with our methodology, we divided the re-
sults into two stages: univariate analysis (Sec-
tion 3.1), and multivariate analysis (Section 3.2).

3.1 Univariate Analysis

Before applying ANOVA to the experimental re-
sults described in Section 2, we verified the as-
sumptions for each complexity metric evaluated.
ANOVA has three basic assumptions: indepen-
dence of observations, normality of residuals,
and homogeneity of variance (Huberty and Ole-
jnik, 2006).

Independence of observations Each complex-
ity value was obtained from a different pseudo-
document, composed of distinct sentences in dis-
tinct orders. Although, by construction, there is a
small overlap between the sentences comprising the
pseudo-documents of the same register — approx-
imately 8% between any two pseudo-documents
— we consider this overlap insufficient to violate
independence, since complexity is computed over
the entire pseudo-document.

Normality of Residuals We visually inspected
QQ Plots (Quantile-Quantile Plots) of the residuals
for all 6 complexity metrics. These plots compare
the empirical distribution of residuals to a theoreti-
cal normal distribution. For a normal distribution,
the points align closely with the reference diago-
nal. We observed, for all cases, points distributed
around the diagonal without significant systematic
deviations, indicating that the residual distributions
are approximately normal.

Homogeneity of Variance We used box plots
to examine the homogeneity of variance. For all
metrics, we observed distributions centered on 0 on
the Y-axis, with similar spreads between registers.
We also computed the maximum ratio between
variances s2,,. /5%, Based on the rule of thumb
of s2,,./582:, < 3, deletion metrics satisfy the
assumption. Replacement-based metrics do not;
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however, the test remains robust in these cases due
to the balanced design. We consider this sufficient
to proceed, noting that results for deletion metrics
are likely more reliable (Dean et al., 2017).

All QQ plots and box plots examined are avail-
able in our repository>. Based on the evidence, we
conclude that the assumptions are satisfied and that
ANOVA is applicable.

Table 1 presents the test results, including the
F-statistic and the 7? statistic for each complex-
ity metric. In all cases, we obtained high F-
values with statistically significant p-values (p <
0.01), confirming significant variation in complex-
ity across registers for all the complexity metrics
evaluated.

Metric F-Statistic P-Value  n?

C, (bzip2) 5988.982 < 0.01 00957
Cwm (gzip) 5957.920 < 0.01 0.957
C, (bzip2) 3756.886 < 0.01 00933
C* (ezip) 1578462 < 0.01  0.855
Cs (bzip2) 78.399 < 0.01 0.226
C. (gzip) 67924 <001 0202

Table 1: ANOVA Results

The 7 values are also substantial, indicating that
discriminatory power is not an artifact of sample
size and showing that the grouping into registers
substantially explains the observed variance in com-
plexity metrics.

Notably, for both statistics, the discriminatory
power of morphological complexity metrics is sys-
tematically higher than that of syntactic complexity
metrics. This will be discussed in Section 4.

3.2 Multivariate Analysis
3.2.1 Assumptions

As in the previous section, we assessed the
MANOVA assumptions before performing the anal-
ysis. In addition to the assumption of data indepen-
dence, which follows that of ANOVA, MANOVA
assumes the multivariate normality of metrics
and the homogeneity of covariance matrices.
Furthermore, it is recommended to avoid multi-
collinearity among the metrics.

Multivariate normality We evaluated this prop-
erty by comparing the experimental points against
the theoretical quantiles of the 2 distribution. For
an approximately multivariate normal distribution,

3https://github.com/frserras/
register-complexity-pt

we expect the experimental points to align with
the main diagonal with minimal fluctuation. We
observed this expected behavior for each register,
with less than 4% of the points in each group iden-
tified as outliers. We also repeated the tests with
automatic outlier removal, yielding results equiva-
lent to those reported. Based on this, we consider
the distribution to be sufficiently normal.

Homogeneity of Covariance Matrices We
adopted Huberty and Olejnik (2006)’s suggestion
to use the difference between the log-determinants
of the covariance matrices as a practical heuris-
tic for estimating homogeneity. Small differences
suggest that homogeneity is acceptable. After re-
moving highly correlated metrics, we observed a
maximum difference of 2.4. Although Huberty
and Olejnik (2006) explicitly states that there is no
standard reference value, we consider this result ac-
ceptable, as it indicates that the determinants across
groups are of similar order of magnitude. Regard-
less, it is worth noting that because our groups are
balanced, MANOVA is robust to violations of this
assumption.

However, unlike the univariate case, which re-
lies solely on the F’-statistic, the multivariate case
involves several summary statistics (Section 2.4)
with varying levels of robustness to assumption
violations. Of all the statistics used, Pillai’s trace
(U) is the most robust to violations (Bobbitt, 2021),
making it the most reliable statistic in this regard.
Similar to the univariate case, the diagnostic plots
regarding the assumptions can be found in our
repository.

3.2.2 Correlation and Trade-off

The final MANOVA assumption verified was the
absence of multicollinearity, i.e., that there are no
redundant pairs within the set of quantitative vari-
ables used in the analysis. The standard approach
to address this is to compute the correlation be-
tween the complexity metrics and remove those
with high absolute correlation.

This procedure is particularly relevant because
one of the main patterns observed in compression-
based complexity metrics in English is the mor-
phosyntactic trade-off: an inverse relationship
between syntactic and morphological complex-
ity across registers. This phenomenon, posited
by Hockett (1958) for the cross-linguistic sce-
nario, was confirmed by Ehret (2021) for the intra-
linguistic context within English.
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Figure 1: Pearson Correlation between complexity met-
rics.

Thus, computing correlations enables us to an-
swer three questions: (i) which metrics should
be removed to satisfy the assumption of non-
multicollinearity in MANOVA,; (ii) whether there
is agreement among the metrics of morphological
complexity and among those of syntactic complex-
ity; and (iii) whether we can observe, in Portuguese
as in English, the morphosyntactic trade-off at the
register level.

Figure 1 presents the Pearson correlations be-
tween complexity metrics. We observed positive
correlations among metrics within the same linguis-
tic level — morphology and syntax — and negative
correlations between morphological and syntactic
metrics. These relationships are illustrated in Fig-
ure 2, which shows the morphosyntactic trade-off
across Portuguese registers.

To satisfy the assumption of non-
multicollinearity, we removed C}, and C,
(gzip), eliminating pairs with a correlation
p > 0.8. This concludes the verification of
assumptions, allowing us to perform MANOVA on
this reduced set of metrics.

3.2.3 MANOVA Results

We applied MANOVA to the experimental results,
yielding the summary statistics shown in Table
2. All statistics indicate significant differentiation
among registers. Notably, Pillai’s trace (U), the
most robust statistic, confirms this discriminatory
power.

These results demonstrate that, consistent with
the univariate case, the variation among registers is
also reflected in the multivariate set of complexity

Metric Value P-Value
Wilks’ lambda (A) 0.035 < 0.01
Pillai’s trace (U) 1.128 < 0.01
Hotelling-Lawley trace (1)) 22.855 < 0.01
Roy’s greatest root (0) 22.667 < 0.01

Table 2: Manova Results

metrics. Consequently, there is a significant sys-
tematic difference across the evaluated Portuguese
registers regarding morphosyntactic complexity.

Following the significant MANOVA results, we
performed Linear Discriminant Analysis (LDA)
(Section 2.4). LDA identifies a linear transforma-
tion of the complexity metrics that projects data
into the space that best separates the registers.
While MANOVA is explanatory in nature, LDA is
predictive, allowing us to assess how accurately we
can classify registers based on compression-based
morphosyntactic complexity metrics.

Table 3 presents the linear transformation ob-
tained through LDA. We observe a clear separa-
tion between the optimal dimensions: they load
primarily on either morphological or syntactic met-
rics. Notably, dimensions favoring syntactic met-
rics (LD2 and LD3) do so with much lower mag-
nitude than those focused on morphological met-
rics. This not only corroborates previous results
regarding (i) the morphosyntactic trade-off and (ii)
the greater discriminatory power of morphological
complexity — which is also corroborated by the
high proportion of explained variance captured by
the primary dimension, LD1 — but also demon-
strates that these phenomena are crucial for distin-
guishing Portuguese registers.

Metric LD1 LD2 LD3
Ch (bzip2) 4908 -0.592 -0.154
Cs (bzip2) 0.141 -1.000  0.572
Cs (gzip) -0.007 -0.544 -0.981

Table 3: Linear Discriminant coefficients. Explained
Variance per Component: LD1: 99.2%, LD2: 0.5%,
LD3: 0.3%.

4 Discussion

Our results demonstrate that, as in English,
compression-based complexity metrics are sensi-
tive to register variation in Portuguese, both indi-
vidually and collectively, and that situational lin-
guistic variation leads to systematic differences in
morphosyntactic complexity.
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'Cs (bzip2)' vs. 'Cp, (bzip2)' by Register
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Figure 2: Observed Trade-off between C,,, and C for bzip2

Furthermore, the morphosyntactic trade-off pat-
tern observed in English also holds true for Por-
tuguese registers. This suggests that, as hypoth-
esized in Ehret (2021), intra-linguistic variation
functions to maintain morphosyntactic equilibrium,
pointing to a widespread phenomenon across lan-
guages, as evidenced here in Portuguese.

We observed that morphological complexity is
significantly more discriminative than syntactic
complexity for Portuguese. Since the results for En-
glish lack equivalent variance tests and our dataset
comprises fewer registers, it is difficult to deter-
mine for now whether this is a specific property of
Portuguese or a general phenomenon.

Given that Portuguese has high morphological
expressiveness compared to English, it is possible
that this is indeed a feature of the language. This
would imply that, while the trade-off is universal, it
aligns with the morphosyntactic profile of each lan-
guage, utilizing its specific expressive mechanisms
to differentiate situational variants.

Alternatively, if the greater predictive power of
morphological complexity is a general property and
not language-specific, this suggests that register
variation mainly relies on changes in complexity
at the lexical and intra-lexical levels to distinguish
different functional varieties. This is logical, given
that while the grammar of a language is a closed
system, its lexicon is an open system, allowing for
greater creativity and offering greater flexibility
for functional linguistic variation. However, our

current results are insufficient to validate one of
these explanations and rule out the other.

In general, our results demonstrate that
compression-based complexity metrics are valu-
able tools for the parameterization of linguistic
variation in Portuguese, supporting their reliable
application in future research. Furthermore, the
high discriminatory power observed underscores
the applicability of these metrics for technologies
addressing intra-linguistic variation and complex-
ity in Portuguese. These include complexity mea-
surement, text simplification or elaboration, and
register classification tasks, where the compression
metrics can serve as either primary or supplemen-
tary features.

This is not to say that the complexity metrics
studied here can function independently and with-
out appropriate treatment as decision criteria for
classifying registers or as direct measures of read-
ability. The works discussed throughout this paper
unambiguously characterize both the functional
variation of language and the difficulty humans
have in processing it as complex and multidimen-
sional phenomena. Here, we establish the theo-
retical and experimental basis necessary for these
metrics to be reliably integrated into more complex
models aimed at both applications.
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5 Future Steps

Despite the positive results achieved, our study has
limitations. Among them, we highlight: (i) the
predominance of written data over originally spo-
ken registers, especially because the distinction be-
tween spoken and written language is known to be
crucial in terms of complexity (Biber, 1988; Ehret,
2021); (ii) a smaller number of registers compared
to experiments conducted in English; (iii) the lim-
itation of the tests used, which are only capable
of detecting general differences among registers
rather than specific pairwise differences; (iv) the
lack of explainability of the studied metrics, which
cannot provide direct association with linguistic
phenomena, (v) the limitation of the compression
method regarding the critical volume of data.

These limitations present opportunities for fu-
ture work, whether through expanding the experi-
ments by introducing spoken registers from other
sources, conducting post-hoc analyses to identify
differences between registers in a more granular
way, systematically comparing compression-based
metrics with more explainable linguistic complex-
ity features and baselines, evaluating the capability
of models built on these metrics in complexity-
related NLP tasks and benchmarks, or by experi-
menting with alternative methods for extending the
results to the sentence level. We could also repli-
cate these experiments using statistical tests with
fewer assumptions to increase the robustness of our
results.

6 Conclusions

In this paper, we explore the sensitivity of
compression-based linguistic complexity metrics
to intra-linguistic variation in Portuguese. In Sec-
tion 1, we posed the following research questions,
which now we revisit:

Do compression-based metrics vary by register
in Portuguese? Yes. Our tests show that the stud-
ied complexity metrics vary systematically across
registers. However, the sensitivity of morphologi-
cal complexity metrics was much higher than that
of syntactic complexity metrics.

Does this variation exhibit a trade-off between
syntactic and morphological complexity, as ob-
served for English? Yes. We observe a substan-
tial trade-off between these metrics, consistent with
English.

How do these variation patterns resemble or
differ from those in English? We observed a
similar trade-off with a linear trend, consistent with
English. It is unclear whether the greater discrim-
inative power of morphological complexity over
syntactic complexity is a phenomenon specific to
Portuguese.

We hope that our results will help build a broader
understanding of the studied complexity metrics.
adding to pre-existing results and providing ex-
perimental foundation for the use of compression-
based complexity metrics in Portuguese.

Limitations

As mentioned in Section 5, this study has the fol-
lowing limitations: (i) the predominance of written
data over originally spoken registers, (ii) a smaller
number of registers compared to experiments con-
ducted in English; (iii) the limitation of the tests
used, which are only capable of detecting general
differences among registers rather than specific
pairwise differences; (iv) the lack of explainability
of the studied metrics, which cannot provide direct
association with linguistic phenomena, (v) the lim-
itation of the compression method regarding the
critical volume of data.
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