Acta Psychologica 246 (2024) 104236

Contents lists available at ScienceDirect

Acta
Psychologica

Acta Psychologica

o %

ELSEVIER

journal homepage: www.elsevier.com/locate/actpsy

Check for

A standardized approach to measuring gender transparency in languages — [w&s

Ana Rita Sa-Leite ™", Ian Craig Simpson ““, Isabel Fraga ", Montserrat Comesana °

# Institut fiir Romanische Sprachen und Literaturen, Goethe University Frankfurt, Germany

b Cognitive Processes & Behaviour Research Group, Department of Social Psychology, Basic Psychology, and Methodology, University of Santiago de Compostela, Spain
¢ Mind, Brain and Behavior Research Center (CIMCYC), University of Granada, Granada, Spain

4 Department of Experimental Psychology, University of Granada, Granada, Spain

¢ Psycholinguistics Research Line, CIPsi, School of Psychology, University of Minho, Portugal

ARTICLE INFO ABSTRACT

Keywords:
Grammatical gender
Gender transparency
Gender acquisition
Gender processing

Languages can express grammatical gender through different ortho-phonological regularities present in nouns (e.
g., the cues “-0” and “-a” for the masculine and the feminine respectively in Italian, Portuguese, or Spanish). The
term “gender transparency” was coined to describe these regularities (Bates et al., 1995). In gendered languages,
we can hence distinguish between transparent nouns, i.e., those displaying form regularities; opaque nouns, i.e.,
those with ambiguous endings; and irregular nouns, i.e., those that display the typical form regularities but are
associated with the opposite gender. Following a descriptive analysis of such regularities, languages have been
recently classified according to their degree of gender transparency, which seems relevant in regard to gender
acquisition and processing. Yet, there are certain inconsistencies in determining which languages are overall
transparent and which are opaque. In particular, it is not clear whether some other complex regularities such as
derivational suffixes are also “transparent” cues for gender, what really constitutes an “opaque” noun, or which
role orthography and morphology have in transparency. Given the existing inconsistencies in classifying lan-
guages as transparent or opaque, this work introduces a proposal to assess gender transparency systematically.
Our methodology adapts the standardized factors proposed by Audring (2019) to analyse the relative complexity
of gender systems. Such factors are adapted to gender transparency on the basis of the literature on gender
acquisition and processing. To support the feasibility of such a proposal, the concepts have been instantiated in a
quantitative model to obtain for the first time an objective measure of gender transparency using European
Portuguese and Dutch as instances of target languages. Our results coincide with the theoretically expected
outcome: European Portuguese obtains a high value of gender transparency while Dutch obtains a moderately
low one. Future adaptations of this model to the gender systems of other languages could allow the continuum of
gender transparency to sustain robust predictions in studies on gender processing and acquisition.

1. Introduction

Grammatical gender is a lexical-syntactic feature present in lan-
guages that have a gender system (Corbett, 1991). Gender systems
classify nouns according to two or more gender values (e.g., “masculine”
and “feminine”). Nouns contain the gender information, and other
words such as adjectives or determiners have to agree with the gender of
the head noun by adapting their form and hence express this gender
information (e.g., in Portuguese, ‘table’ [mesa] is feminine: Uma mesa é
barata [‘a table is cheap’], but ‘car’ [carro] is masculine, and hence, we
say Um carro é barato [‘a car is cheap’]). In addition, a relationship can
also exist between noun form and gender, as certain form-based

regularities related to gender have been identified in a variety of lan-
guages (e.g., “-0” as in carro pasculine [‘car’] is the common ending for the
masculine in Italian, Portuguese, or Spanish, see Gudmundson, 2010;
Harris, 1991; Sa-Leite, 2021). This link between noun form and gender is
frequently referred to as “gender transparency” (Bates et al., 1995).
The concept of gender transparency has been defined on the basis of
a nominal classification that distinguishes between transparent, opaque,
and irregular nouns. Transparent nouns are those with endings corre-
lating with specific gender values, as evidenced in Italian, Spanish, or
Portuguese nouns ending in ‘-0’ for masculine and ‘-a’ for feminine (e.g.,
in Portuguese masculine nouns carro [‘car’] and livro [‘book’], and
feminine nouns mesa [‘table’] and casa [‘house’]). Conversely, opaque
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nouns have indeterminate gender correlations, like the “-e” ending in
Italian, Portuguese, and Spanish (e.g., in Portuguese, drvore or torre
[feminine, ‘tree’, ‘tower’], and pente or chocolate [masculine, ‘hair-
brush’, ‘chocolate’]). Irregular nouns, despite having transparent cues
(e.g., “-0” and “-a”), belong to the opposite gender value, such as radio
(feminine, ‘radio’) or problema (masculine, ‘problem’) in Portuguese
(Bates et al., 1995; Paolieri et al., 2010; Sa-Leite, Luna, et al., 2022). We
can thus say that transparency is mainly defined by statistical correla-
tions between gender values and nominal endings. These correlations
evolved historically (Villalva, 2008) and have become cues for gender
assignment. Importantly, based on this concept, languages are usually
treated in the literature as either more gender transparent or opaque.
Kupisch et al. (2018) recently proposed a continuum of transparency
displaying a series of languages from the most to the least transparent:
Spanish, Venetian, Italian, Russian, French, German, Norwegian,
Swedish, and Dutch (see Fig. 1). In short, the higher the gender trans-
parency, the easier it is to predict gender from the noun form. This
continuum was later updated by Velnic¢ (2020), who included Croatian.
Indeed, this type of classification is not trivial: whether one language is
more or less transparent seems to have consequences for the way gender
is acquired and processed during lexical access (e.g., Gollan & Frost,
2001; Kupisch et al., 2022; Rodina & Westergaard, 2017; Sa-Leite et al.,
2023).

However, we believe that the correlational basis usually underlying
the definition of gender transparency leaves aside a series of aspects that
seem fundamental to understanding the differences and similarities of
the relationship between word form and gender across languages. While
languages such as Spanish, Italian, Portuguese, and Russian are often
labelled as transparent, and German and French as opaque, the criteria
for these classifications remain ambiguous. In particular, languages like
German and Norwegian might be deemed non-transparent due to their
complex morphologies with numerous regularities and exceptions
(Rodina & Westergaard, 2017; Salamoura & Williams, 2007; Spinner &
Juffs, 2008). Meanwhile, a language such as Italian is gender trans-
parent because it has a simple morphological system with two main cues
that rarely fail to predict gender, “-0” and “-a” (Bates et al., 1995). Yet,
we think that the basis on which the degree of gender transparency of
languages is grounded can be considered in more detail across
languages.

In this work, we intend to identify a series of aspects that might
require a more fine-grained analysis across languages and to subse-
quently establish what we believe could be a more accurate view to
determine the degree of gender transparency of a language. We will
highlight the disregard of derivational suffixes as transparent cues in the
so-called transparent languages in contrast to the so-called opaque ones,
the unclear definition of opaqueness, and the often-overlooked role of
orthography and morphology in gender transparency. A clarification of
these points will be used to design a standardized method to quantita-
tively assess the degree of gender transparency of any language. Such a
method is presented following the concept of relative complexity of
gender systems by Audring (2019), and its quantification will be based
mainly on European Portuguese, but also on Dutch as a means of
establishing a comparison. Our aim is therefore to create a first approach
based on a language whose available lexical databases include gender as
a feature.
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Fig. 1. Proposal of a continuum of gender transparency.
Note. Adapted from Kupisch et al. (2018) and Velnic (2020).
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1.1. Gaps within the current concept of gender transparency across
languages

1.1.1. Transparent nouns: the case of derivational suffixes

What falls into the category of transparent nouns seems to diverge
across transparent and opaque languages. A quick inspection of the
literature on gender acquisition, processing, and categorization with
languages such as Italian, Portuguese, and Spanish shows that the
transparent category is systematically reduced to nouns displaying
gender cues “-0” and “-a” (e.g., Arias-Trejo & Alva, 2013; Arias-Trejo
et al., 2013; Bates et al., 1995, 1996; Caffarra & Barber, 2015; Caffarra
et al., 2014, 2015, 2017; De Martino et al., 2011, 2017; Garrido-Poz1,
2022; Hernandez et al., 2007, 2004; Lindsey & Gerken, 2012; Quinones
et al., 2018; Paolieri et al., 2010; Russo et al., 2021; Sa-Leite et al., 2021;
Sa-Leite, Tomaz, et al., 2022; Urrutia et al., 2009). Nevertheless, there is
a whole body of nouns in transparent languages that show more complex
regularities, i.e., derivational suffixes and pseudosuffixes that strongly
correlate with gender.

In Spanish, the suffix “-aje” is added to verbs to form nouns that
express action, and those nouns are unequivocally masculine (aprender
- aprendizaje [‘to learn’ - ‘apprenticeship/learning’]). Another
example is the suffix “-cién”, which is used to form nouns from verbs and
is fully feminine (competir - competicion [‘to compete’ - ‘competi-
tion’]). We can identify at least another 13 suffixes in Spanish that
correlate either perfectly or near perfectly with the feminine value, and
at least 6 with the masculine value (Murillo, 1999; Shadid, 1997). The
same is the case with several Portuguese suffixes (“-agem”, hospedagem
[‘accomodation’] or “-¢ao” competicao [‘competition’], which are femi-
nine) and Italian ones (“-zione”, which is feminine, comunicazione
[‘communication’]; Oliphant, 1998; Rio-Torto et al., 2013; Sa-Leite,
2021). Importantly, many of these suffixes are included in other words
as pseudosuffixes, showing the same strong gender correlation as in their
suffix usage (e.g., “-cion” as a pseudossufix in locion geminine [‘lotion’],
nacion feminine [‘Nation’], faccion peminine [‘faction’]). Despite demon-
strating a high gender correlation, nouns featuring these suffixes or
pseudosuffixes are nonetheless often omitted, or classified as opaque in
gender processing studies. The examples are many, for instance in
Spanish: mensaje (‘message’), estacion (‘station’), cancién (‘song’), sit-
uacién (‘situation’), accién (‘action’), nacién (‘nation’), libertad
(‘freedom’), jabon (‘soap’), and a large etcetera, which can be seen in the
stimuli list of various studies (e.g., Caffarra & Barber, 2015; Garrido-
Pozl, 2022; Urrutia et al., 2009). A similar example can be seen in
Italian. De Martino et al. (2017) examined grammatical gender and
suffix transparency in processing Italian written nouns. Although a full
stimulus list was not provided, one of the examples given is stazione
(‘station’), which is included as an opaque noun ending in “-e” even
though the suffix “-zione” is feminine (Chini, 1995).

Other less transparent languages, such as German and French, also
have multiple suffixes that correlate with gender. Yet, in contrast to
what generally happens in transparent languages, researchers do not
ignore the fact that they are strongly correlated with gender and include
them within their list of transparent nouns, finding processing differ-
ences in comparison to opaque nouns (e.g., in German, among many
others, “-heit” or “-keit” as feminine, “-ling” as masculine, or “-chen” as
neuter; Heidolph et al., 1984; MacWhinney et al., 1989; in French,
among others “-eur” and “-ie” are feminine suffixes, whereas “-eau” and
“-ot” are masculine suffixes; see Ayoun, 2018; Desrochers et al., 1989;
Hohlfeld, 2006; Szagun et al., 2007; Taft & Meunier, 1998).

In summary, in transparent languages transparent nouns are usually
defined as ending in “-0” and “-a” while (pseudo)suffixes are ignored as
gender cues. In contrast, in opaque languages, (pseudo)suffixes are
generally considered to be gender cues. Therefore, the transparent
category in transparent languages is not accurately defined as it is
broader than usually assumed. It might be actually similar in size and
complexity to the transparent category of other (more opaque) lan-
guages. The broadness of the category is even greater and the difference
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with more opaque languages smaller once we dive more fully into what
we understand by opaqueness, as seen in the next section.

1.1.2. Transparent nouns within the typical opaque category

Another gap that can be found in the current definition of gender
transparency is related to the view of opaque nouns as those whose
endings do not correlate with any gender. On the one hand, we would
like to highlight the fact that a fifty-fifty situation between values and
form is not so often observed (for a distributional analysis of nominal
endings according to transparency in Portuguese, see Sa-Leite, 2021; for
Spanish, see Clegg, 2011). It is hence unclear what the exact cut-off
point is for an ending to be considered opaque within a stimuli list,
and future studies should explore this further. On the other hand, what
concerns us the most is that describing a series of endings as opaque
within transparent languages simply because they are not “-0” and “-a”
is not accurate. Yet, the literature regarding online gender processing
shows a strong tendency in doing so (one exception is Afonso et al.,
2014).

In languages like German or French, dozens of gender regularities
have been identified. For instance, in German, more than 44 word-form
regularities have been identified in monomorphemic and extended
monomorphemic nouns, with numerous exceptions and nuances
depending on lexical concreteness, sonority, and case, among other
factors (e.g., Kopcke, 1982; Kopcke & Zubin, 1983). The number of
regularities increases if we consider the huge proportion of polysyllabic
words. In French, dozens of regularities have been identified as well, for
instance in the final phonemes (e.g., “/m/” for the masculine; Ayoun,
2018), but also in other multiple combinations of phonemes and
graphemes, suffixes and larger word units; importantly, when syllables
come into play, the situation turns out to be even more intricate (e.g.,
/97, which is feminine in 70 % of cases, but whereas the ending /jo7 is
feminine in 91 % of cases, /bd/ and /r9/ are masculine in approximately
87 % of the time; Matthews, 2010). An excessive number of gender-form
regularities has been said to be a reason for a gender system to be
defined by gender opacity (e.g., Hopp, 2013; Szagun et al., 2007). It
supposedly contrasts with the simple system of transparent languages
based on “-0” and “-a”.

Yet, leaving suffixes and pseudosuffixes aside, a proper analysis of
transparent languages reveals that many other gender correlations can
be established with other non-(pseudo)suffixal endings, similar to
German or French. Endings usually considered opaque may be regular
for gender. For example, the literature seems to suggest that gender
correlations (of above 0.8) can be established between endings “-17, “-n”,
“z”, “r”, and “-e” in Spanish, especially when considering their com-
bination with other graphemes/phonemes (e.g., “-ie” [especie (‘spe-
cies’)] is a feminine ending; see Clegg, 2011). Hence, not even the
typical opaque ending “-e” can be defined as completely opaque.

1.1.3. Transparency may not only be phonological

Bates and colleagues referred exclusively to “phonological” trans-
parency when describing this term. However, two aspects outside
phonology seem critical to understand the overall degree of gender
transparency of languages: orthography and morphology.

Regarding orthography, some studies have warned that in many
languages form-based transparency should not be reduced to phonology
for the literate population (Colé et al., 2003; Matthews, 2010). In lan-
guages that are not orthographically transparent (i.e., those whose
grapheme-to-phoneme feedback is not consistent, Lété et al., 2008),
gender correlations often depend on patterns of orthographic and pho-
nemic relationships. For instance, Spanish is an orthographically
transparent language in which the typical ending “-a” for the feminine is
gender transparent from the view of both phonology (/a/) and orthog-
raphy (“-a/-a”). However, in French, many mismatches between
phonology and orthography can complicate the identification of the
distributional patterns between nominal endings and gender when
speakers acquire the ability to read and write (e.g., the orthographic
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sequences “-ée” (idée, ‘idea’) and “-er” (papier, ‘paper’) correspond to the
phoneme /e/, although the former marks the feminine in 92 % of cases
and the latter always marks the masculine).

Regarding morphology, the coincidence between ortho-phonological
gender regularities and gender morphemes might be important in the
salience of ortho-phonological cues and the overall degree of gender
transparency of a language. This could actually explain, at least
partially, why “-0” and “-a” have captured the attention of so many and,
as we will see in the next section, seem to be cognitively “special”.

In a study on gender assignment concerning word form in French,
Boloh and Ibernon (2013) argue that during language acquisition, in-
fluence can occur between semantic gender and grammatical gender or
vice-versa (as in Russian, Rodina, 2008), especially because in languages
with a binary gender system such as French, children can make a
connection between the two subclasses of grammatical gender (mascu-
line vs. feminine) to the ones in natural gender (male vs. female). In
languages such as Italian, Spanish, and Portuguese, this process might be
facilitated because transparent cues coincide to a great extent with the
morphemes for natural gender (in Portuguese, casa [‘house’]/carro
[‘car’] menina [‘female kid’]/menino [‘male kid’]). This leads us to think
that such a coincidence might indeed constitute a link between both
kinds of gender, whose entries may feed into each other. Indeed, as
Corbett (1991) stated, all gender systems have some kind of semantic
basis. Ultimately, this link could perhaps facilitate the overall acquisi-
tion of gender and further increase the relevance of the endings “-0” and
“-a” for the system. Moreover, “-a” is the feminine gender morpheme for
every element of agreement (e.g., aquela, esta, uma [Portuguese femi-
nine for ‘that’, ‘this’, ‘a’]), and “-0” is present in many of them (e.g.,
amarelo, o [Portuguese masculine for ‘yellow’ and ‘the’]. The coinci-
dence between ortho-phonological gender cues and gender morphemes
is such that the presence of the “-a” and “-0” as overall morpho-
phonological markers of gender is extremely high, even in single sen-
tences, as can be seen in these examples from Italian, Portuguese, and
Spanish:

La bambina della famiglia appena arrivata e una studentessa
istruita.

11 figlio piccolo del vicino al terzo piano € un ragazzo rumoroso.

A menina pequenina da familia recém chegada é uma aluna
educada.

O filho pequeno do vizinho do terceiro andar é um menino
barulhento.

La nina pequena de la familia recién llegada es una alumna educada.
El hijo pequeno del vecino del tercero es un nino ruidoso.

‘The little (female) child from the newly arrived family is a polite
student.’

‘The youngest son of the neighbour on the third floor is a noisy boy.’

Indeed, the ease of detection, identification, and active establish-
ment of distributional patterns across elements of gender agreement can
be higher than in the case of other languages, such as German:

Die groBe Dame der neu angekommenen Familie ist eine gebildete
Studentin.

Der jiingste Sohn des Nachbarn im dritten Stock ist ein lauter Junge.
‘The great lady of the newly arrived family is an educated student.’
‘The youngest son of the neighbour on the third floor is a noisy boy.’

1.1.4. Interim summary: gaps on the concept of gender transparency

As can be seen in the preceding discussion, the criteria used within
the field to classify nouns as transparent or opaque across gender
transparent vs. opaque languages, is not consistent. In Table 1 we
summarize the identified inconsistencies. Transparent and opaque lan-
guages might hence be more similar in their distribution of gender
regularities than initially thought. This could have promoted imprecise
results in cognitive studies comparing both types of languages when it
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Table 1
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Summary of the inconsistencies in the concept of gender transparency across studies.

Transparent languages

Opaque languages

Suffixes and pseudosuffixes that correlate with gender

research
Simple endings that correlate with gender

“-0” and “-a”
A clear cutoff point on the strength of the gender-form correlation for Absent

opaque nouns
Consideration of orthography and morphology within the general concept
of gender transparency

They are considered opaque within experimental

They are considered opaque when different from

Mostly absent

They are considered transparent within
experimental research
They are considered transparent

Absent

Mostly absent

Note. Here we establish a simplified dichotomy between transparent languages (Spanish, Italian, Portuguese) and other languages that may be moderately opaque or

highly opaque (from French to Dutch).

comes to the role of gender regularities in gender processing. However,
in the next section we will see that research still shows clear differences
between both types of languages, in that the “-0” and “-a” of transparent
languages seem to have a unique role in gender acquisition and pro-
cessing. This might be related to the last gap we mentioned: the fact that
we may have been dismissing the importance of orthography and
morphology on the overall degree of gender transparency of languages.

“«

1.2. The cognitively special role of cues “-0” and “-a”

The literature shows that “-0” and “-a” still display a special link with
gender in comparison to other gender cues such as suffixes, pseudo-
suffixes, and non-suffixal endings. More specifically, these three types of
endings do not seem to play the same facilitating role in gender acqui-
sition and categorization as “-0” and “-a” do.

1.2.1. Gender acquisition

The endings “-0” and “-a” have been systematically shown to be
critical to identify and acquire the statistical patterns of agreement
associated with each gender value in Spanish, Italian, or Portuguese
(agreement is correctly established earlier for transparent than for
opaque or irregular nouns, e.g., Lew-Williams & Fernald, 2007; Lindsey
& Gerken, 2012; Pérez-Pereira, 1991). Their central role in identifying
and acquiring gender is such that even though they are cues, they are
temporarily treated as rules by children, perhaps due to the coincidence
between phonology and gender morphology as seen in the previous
section. In this vein, a common mistake during this process of gender
acquisition is the overgeneralization of the gender cues “-0” and “-a”, to
the point that children have been recorded in Portuguese and Spanish
converting irregular and opaque nouns into transparent ones (e.g., in
Spanish un drbolo, instead of un arbol yasculine [‘a tree’], or un azoto,
instead of un azote masculine [‘@ spank’]; in Portuguese, um dio masculine
instead of um dia [‘a day’]; e.g., Fernandez-Fuertes et al., 2016; Figueira,
2013; Hernandez-Pina, 1984; Mariscal, 2008). Yet, this has not been
registered for derivational regularities — children have not been reported
generalizing (pseudo)suffixal endings (e.g., “-cién” or “-aje™) or chang-
ing them for the sake of agreement. Thus, even though (pseudo)suffixal
endings are statistically strong (or perfect) cues for gender in these
languages, the cognitive role they play in gender acquisition does not
seem to be the same as cues “-0” and “-a”.

1.2.2. Gender processing

In terms of gender processing, a common way of studying the
encoding of gender cues is through gender categorization tasks, in which
the participants are presented with nouns on a screen and must classify
them according to gender by pressing different keys, with their response
times (RTs) being measured. On the one hand, transparent nouns show
lower RTs in a variety of languages, with very consistent results found
for Italian and Spanish, which use nouns ending in “-0” and “-a” (e.g.,
Agirre, 2016; Bates et al., 1995, 1996; Caffarra et al., 2017; Hernandez
et al., 2004; Padovani et al., 2005). Results also show lower RTs for

Italian nouns in plural, which use “-i” and “-e” for the masculine and

feminine, respectively (see De Martino et al., 2011). In contrast, in
categorization tasks conducted in French, the role of gender trans-
parency has been shown to be more dependent on agreement and to be
diminished due to the phenomenon of elision, i.e., the neutralization of
the definite article when the noun starts with a vowel (e.g., instead of
definite articles la geminine OT l€ Masculine; French speakers must use l'arbre
Masculine [‘the tree’] or l'aiguille peminine [‘the needle’]; Ayoun, 2018;
Desrochers & Paivio, 1990; Desrochers et al., 1989; Royle & Stine, 2013;
Taft & Meunier, 1998; see also Desrochers & Brabant, 1995). Trans-
parent nouns only show lower RTs in comparison to opaque and irreg-
ular nouns when definite articles have the discriminatory form between
gender values. On the other hand, Afonso et al. (2014) considered
derivational suffixes as transparent in a couple of categorization tasks in
Spanish and still found processing advantages for nouns ending in “-0”
and “-a” over nouns ending in other suffixal and pseudosuffixal regu-
larities when comparing transparent vs. irregular nouns (for similar
Italian results, see Oliphant, 1998). Taken together, it seems that even
though (pseudo)suffixes that correlate with gender are as regular as “-0”
and “-a” are, they are not processed in the same way.

1.2.3. Interim summary: the cognitively special role of “-0” and “-a”
Although there are actually many other regularities within trans-
parent languages such as Spanish, Italian, or Portuguese, “-0” and “-a”
still seem to have a special relationship with gender, playing a central
role in gender acquisition and being the main cues of gender retrieval at
least within gender categorization tasks during noun lexical access.

1.3. Defining the degree of gender transparency of languages

As seen up until now, one of the unresolved challenges in the study of
gender transparency in languages is the inconsistency in its definition
and application across different languages. Our aim now is to reach a
consensus on how to analyse the degree of gender transparency. In sum,
studies exploring the processing of gender and gender regularities in
transparent languages either leave aside many endings that are actually
regular for gender, or consider them opaque. Transparency is hence not
precisely defined in the majority of studies exploring transparent lan-
guages when considering its correlational basis. Yet, perhaps a corre-
lational basis for gender transparency is not ideal, since if it were,
(pseudo)suffixal strongly correlated endings in Italian, Portuguese, or
Spanish should occupy a central facilitating role within the studies on
gender acquisition and categorization, and that is not the case. In this
sense, for a more accurate understanding of how to measure the degree
of gender transparency of languages, it seems relevant to acknowledge
the impact of phoneme-grapheme transparency and the matching be-
tween ortho-phonological gender cues and gender morphemes.

We will follow the notion of the relative complexity of gender sys-
tems as defined by Audring (2019) to propose a standardized approach
to the understanding of gender transparency. This theoretical basis will
allow us to present the first quantitative approach for the measurement
of the degree of gender transparency in languages. This quantitative
approach should allow us to obtain values for transparency that are
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theoretically and empirically supported by the descriptive continuum of
gender transparency by Kupisch et al. (2018).

2. A proposal to standardise the definition of gender
transparency

In this section, we propose basing the degree of gender transparency
of every language on the notion of the relative complexity of a gender
system as defined by Audring (2019) following four factors: frequency,
perspicuity, consistency, and monofunctionality of the gender cues.
These factors will be applied to the analysis of the ortho-phonological
gender cues on the one hand, and gender morphemes on the other.
They will be applied taking into consideration the most ideal or ca-
nonical situation for a gender system: that in which the degree of gender
transparency, and hence of simplicity, reaches its highest possible value.
A table summing up these factors is presented at the end of the text (see
Table 2). As we believe transparency is linked to cognition, the four
factors will be discussed considering not only their statistical descrip-
tion, but also their cognitive role in both gender acquisition and pro-
cessing. For this, we will follow two empirically supported principles.
First, the simpler the gender system, the earlier its acquisition (see
Audring, 2019, p. 39). Second, we will follow the idea supported by
many models of language processing by which the more the speaker is
exposed to a certain language feature, the stronger the links between the
mental representations related to that feature (Taft, 2023; also Par-
mentier et al., 2017; Perea et al., 2013). Hence, we will apply this to
gender transparency. Importantly, note that this approach is designed to
assess the degree of gender transparency considering language pro-
cessing in the case of literate people. Otherwise, the degree of gender
transparency of a language should be assessed for both young children
and illiterate adults by excluding an assessment of orthography.
Accordingly, note that the influence of any of the proposed factors for
language acquisition should be considered in the light of morpho-
phonological cues, but not orthographic cues. Orthographic cues are
relevant for gender transparency by considering gender processing, as
they modify and have a role in the organization and architecture of
lexical access and hence in gender retrieval. In any case, we will jointly
refer to ortho-phonological cues to simplify the text. Finally, as
explained by Audring (2019), the four factors are unavoidably inter-
twined, and the same aspect may affect more than one factor.

2.1. Frequency

Frequency is related to the number of times a speaker is exposed to a
particular cue. The higher the proportion of transparent nouns, the
higher the children's frequency of exposure to these cues.

Regarding ortho-phonology, we must consider the proportion of
transparent nouns in comparison to that of irregular nouns. For language
acquisition, the higher the proportion of phonologically gender trans-
parent nouns, the higher the number of times the child is exposed to
these cues, and hence the ease of acquisition will be higher. In general,
the higher the proportion of ortho-phonologically gender transparent
nouns, the stronger the link between that cue and its gender value. As for
irregular nouns, for the sake of transparency, the lower the proportion of
irregular nouns, the higher the frequency by which transparent cues are
indeed regular and signal their correlated gender value, and hence the
higher the degree of predictability of these cues. Thus, the most trans-
parent gender system should be the one that only has transparent nouns;
if there are also non-transparent nouns (i.e., opaque and irregular
nouns), it is better for the sake of transparency if those are opaque rather
than irregular. This is because for opaque nouns the transparent cue is
not being targeted (i.e., the cue is not being linked to the opposite
gender).

The number of times a speaker is exposed to those transparent cues
can also be tied to the number of gender values, considering of course
other factors such as the proportion of words per gender value and the
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frequency of use of these words. Assuming an approximate equal dis-
tribution of words across genders, a higher number of gender values in a
language might mean that the child will be exposed to fewer lexical
entries of each gender (or one of the gender values), and consequently,
there will be less exposure to the transparent cues for each gender value.
Additionally, a greater number of regularities per gender value means
that the child will be less exposed to each of them. Therefore, it follows
that the canonical gender transparent language would have a bipartite
gender system with a “one-to-one” mapping between form regularities
and gender values (one regularity per value).

Importantly, since the basis of frequency is “opportunity for expo-
sure”, transparency must be analysed considering the frequency of use of
each noun in the language: how many nouns are transparent within the
most frequently used nouns in a language. Since we are also considering
first language acquisition, frequency of use should be measured from
two perspectives: (1) frequency of use and oral exposure of nouns for
toddlers considering the phonological cues of gender (as in the Mac-
Arthur Communicative Development Inventory; Jackson-Maldonado
et al., 1993), and (2) frequency of use in general considering the ortho-
phonological cues of gender, mainly through materials based on written
sources that reflect spoken production, such as databases of film sub-
titles (e.g., SUBTLEX; Keuleers et al., 2010; Soares et al., 2015).

In a broader sense, when addressing morphology, we should ideally
have the highest possible number of elements of agreement displaying
gender morphemes. This also applies to nouns with natural gender,
which can use morphemes to express the biological or perceived sex of
the referent (e.g., for the feminine, “-a” in Spanish and “-in” in German,
as in profesora and Lehrerin, ‘female teacher’). If these gender mor-
phemes coincide with the ortho-phonological gender cues, the overall
frequency of use and exposure to the cues (e.g., “-0” and “-a”) will also
rise. Importantly, during language acquisition, the higher the number of
cases in which the phonological forms are related to the gender values,
the easier will be the statistical learning of the gender-distributional
patterns within the language. In line with this, an interesting aspect
noted by Audring (2019) is that semantically motivated gender might be
acquired later in a language, since there is lower frequency in the input.
However, this delay might be reduced due to the coincidence between
phonological gender cues and gender morphemes in natural gender (as
in Portuguese, Italian and Spanish). In this sense, this coincidence might
be one of the reasons for the fast acquisition of gender reported for
languages like Portuguese, Italian, or Spanish.

2.2. Perspicuity

Perspicuity refers to the clarity of expression. In regards to gender
transparency, it is related to the clarity and simplicity of the cues for
gender; such cues are expected to work best when they are perspicuous
and clear. So, the more perspicuous the cues are, the higher the degree of
gender transparency. For instance, overall, the Spanish gender system is
more perspicuous than that of German. The masculine value in Spanish
is mostly represented by the one-letter/phoneme cue “-0”. The mascu-
line value in German is mostly represented by “-en”, “-er”, and “-el”,
three two-letter/phoneme cues, which are not only indicators of gender
but also of number and case. In terms of gender transparency, the
masculine value in Spanish is hence simpler and clearer (more
perspicuous) than in German.

In terms of ortho-phonology, the clarity and simplicity of the cues
may be affected by the mismatch between orthography and phonology:
if the same phonological ending is represented by different ortho-
graphical forms, once writing is acquired, an extra grain of complexity
may be added to the cognitive system. For instance, whereas in Spanish
the final sounds /a/ and /o/ are represented exclusively by the ortho-
graphic endings “-a” and “-0”, in French the ending /a/ refers to the final
orthographical units of “-a”, “-and”, “-ang”, “-aon”, “-ens”, “-ends”,
“-empt”, and “-ants”, among others. Two alternative outcomes may be
expected in this regard: i) on the one hand, the presence of multiple
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graphemes representing a phoneme may help to disambiguate
phonology. For instance, in French /e/ is a transparent cue for the
feminine but corresponds to the orthographic sequences “-ée” and “-er”,
among others, with the former marking the feminine and the latter the
masculine. These orthographic cues could in theory increase gender
transparency by disambiguating the phonological cue; or ii) a higher
number of regularities associated with each gender value may decrease
the use of a form-based route to activate gender during lexical access.
This is precisely what has been observed (see Gollan & Frost, 2001). In
this sense, a lower number of regularities representing each gender node
seem to increase the chances of the cognitive system to use word form to
process gender. Hence, even though a greater number of graphemes
could mean more cues to process gender and disambiguate between
gender values in many instances, our system does not seem to actually
benefit from them. Even though it is not clear when multiple cues are too
many, in this method we will opt for considering that the higher the
number of gender regularities associated with each gender value, the
lower the exposure to each regularity individually, the lower the
strength of the links between them and the gender nodes, and the lower
the capability of the cognitive system to use them to process gender.
Hence, the more gender orthographic or phonological regularities for
each gender value, the lower the degree of gender transparency.

Related to this matching between phonology and orthography, an
important concept here is that of syncretism. Syncretism refers to a
linguistic phenomenon where distinct grammatical forms or categories
in a language merge or overlap in certain contexts, resulting in a shared
or identical form. Applied to gender transparency, if the same graph-
emes or phonemes are a cue for different functions, the gender trans-
parency of this cue as a whole will be negatively affected. For instance,
the ending “-e” in German is representative of both the feminine gender
and the plural value (e.g., Lampe [lamp’] is a feminine noun with a
typical feminine ending; but Tische [‘tables’] is a masculine noun in
which “-e” marks the plural). Indeed, syncretism has been said to violate
the principle of transparency (Audring, 2019), since it tends to create
ambiguity and relative challenging situations for language learners
(Storme, 2021; exception occurs when syncretism neutralizes a cate-
gory, Finley, 2022). When applied to gender transparency, syncretism
does not seem to promote the predictability and acquisition of gender or
the use of word form to process gender later in life.

Syncretism in the agreement system of a language may also affect the
capacity of children to identify the distributional patterns between
ortho-phonological gender cues and the elements that go with the head
noun. For instance, in Spanish, the seemingly masculine definite article
el is used as feminine when the following feminine noun begins with a
stressed “a” (e.g., alma [‘soul’], arma [‘gun’], aguila [‘eagle’], all start
with “a” and have their first syllable as the stressed one [the diacritic
mark is not necessary for disyllabic words]), and so is syncretic for the
masculine and the feminine, diminishing its capability to predict the
masculine value. In this sense, the existence of cases in a language tends
to increase the complexity of the gender system and decrease its trans-
parency, since it usually promotes syncretism. An element that is regular
in one case may also be regular in another, creating a situation of ir-
regularity for the element itself. For instance, the German definite article
“der” is syncretic for nominative masculine (e.g., der Hund bellt [‘the dog
barks’]), but also for genitive feminine (e.g., das Auto der Familie ist alt
[‘the car of the family is old’]).

2.3. Consistency

The most transparent cues for gender are also the most consistent,
and so an ideal cue has a unique form that consistently represents a
particular gender value, and in an ideal transparent system, a particular
gender value is consistently represented by the same cue. For less than
perfect transparent languages (i.e. all real languages), the higher the
consistency between a gender value and the cue/s, the higher the gender
transparency of the language. Higher transparency would result in
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stronger connections between the gender values and their cues, and thus
facilitate ease of acquisition of the cues as well as their processing.
Paraphrasing Audring (2019), the validity of one cue is directly related
to its predictive power. If a cue is associated with more than one gender
value its predictive power decreases, decreasing the degree of trans-
parency of the language. An example of this is the French phonological
cue “-e”: almost 50 % of the nouns displaying this cue are masculine, the
other 50 % being feminine. Yet, a considerable proportion of all femi-
nine nouns end in “-e”, and “-e” is a feminine marker or agreement (e.g.,
masculine blue: blau, feminine blue: blaue). So, the feminine is repre-
sented by this cue, but this cue is also highly associated with the
masculine value. This situation increases the inconsistency of this cue.

Importantly, when various gender cues represent the same gender
value, a situation of inconsistency arises by which the gender value
cannot be systematically represented by a unique cue. Therefore, more
associations must be identified and learned and the strength of the
gender cue-gender nodes connections is overall lower. In this sense, it is
expected that the transparency of a “one-to-one” mapping situation (e.
g., “-0” to masculine; Spanish, Italian, Portuguese) is higher than that of
“various-to-one” mapping (e.g., non-palatal consonants to masculine;
Russian).

A small number of opaque nouns also contribute to consistency. For
example, Spanish contains a considerable proportion of masculine
opaque nouns when compared to feminine opaque nouns, and hence the
consistency of the masculine gender value with the cue “-0” is lower than
that of the feminine gender value with the cue “-a”. More specifically,
around 60 % of masculine nouns end in “-0”, while 77.5 % of feminine
nouns end in “-a” (Teschner & Russell, 1984).

The matching between phonology and orthography is also relevant
here, since the greater the number of orthographic representations of a
certain phonological cue (as in French /a/, represented by more than a
dozen different orthographical units), the less the consistency of the
orthographic form of the cue, and hence, in face of this inconsistency,
the higher the difficulty for the speaker to generate the pattern of as-
sociations between this cue and gender.

In terms of morphology, the ideal situation is when gender mor-
phemes coincide with the ortho-phonological cues for gender, since this
creates the most consistent link between morpho-ortho-phonology and
gender values and hence increases gender transparency. Conversely, the
presence of gender morphemes that do not coincide with the ortho-
phonological cues of gender diminishes the consistency. In Spanish,
feminine agreement words are far more consistently represented, as they
rely on the morpheme “-a”, whereas the masculine relies on the
morpheme “-0” but also on the morphemes “-e” and zero.'

2.4. Mono-functionality

Mono-functionality refers to the fact that transparent gender cues
should display no other linguistic function than to statistically correlate
with gender or to morphologically mark gender. Polyfunctionality, then,

! 1t is worth mentioning two fundamental concepts originally defined by Mills
(1986), both of which are relevant for transparency as suggested by Caffarra
et al. (2017): the concepts of availability and reliability, which involve the
factors of frequency, perspicuity (syncretism), and consistency. Availability
refers to the number of nouns displaying a certain form-function correspon-
dence in a given language (i.e., transparent nouns minus non-transparent
nouns). Reliability refers to the consistency of the relation between form and
function in a given language (i.e., transparent nouns minus irregular nouns;
Albright, 2002). The strength of a form-function mapping (i.e., cues for gender
values) depends on both the availability and reliability of this mapping. Hence,
when a probabilistic pattern covers a high number of items (high availability,
large proportion of transparent nouns) and the number of exceptions is low
(high reliability, low number of irregular nouns), it provides a strong distri-
butional cue, which is considered to be influential in language acquisition and
comprehension (MacWhinney, 1987, 2004; see also Culbertson et al., 2017).
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increases the degree of relative complexity of the potential cues for
gender and decreases their usefulness for gender acquisition and their
relevance for gender processing.

Significant situations of polyfunctionality are those in which gender
intertwines with other features such as number, case, and inflectional
class. According to Audring (2019), any kind of polyfunctionality affects
both clarity and consistency. In Italian, for instance, gender and number
intertwine in the plural, as “-0” and “-a” are the usual endings for the
masculine and feminine nouns in the singular, respectively, but “-i” and
“-e” are used as markers for their respective plural forms. In contrast,
Portuguese and Spanish add “-s” to form the plural, so any transparent
noun with the “-0” to masculine or “-a” to feminine mapping in the
singular will consistently maintain these cues in the plural, with an
added “-s” (casa [‘house’] to casas [‘houses’]). In this sense, an inter-
esting idea to test the effect of polyfunctionality in gender transparency
would be to make a direct comparison of gender acquisition in the plural
between Spanish and Italian.

Even though number is relevant here, case seems to be the feature that
may exponentially increase the relative complexity of the form assign-
ment system. In fact, Eichler et al. (2013) points out that German gender
is acquired later than Italian or Spanish gender, and attributes this not
only to the cues being less transparent but to the influence of case.

Finally, polyfunctionality may also explain why derivational suffixes
(e.g., in Spanish, “-cién” [feminine] or “-aje” [masculine]), which
comply with the simple definition of “strong correlation between a
nominal ending and a certain gender value”, do not seem to have the
same kind of role in gender acquisition and processing as the cues “-0”
and “-a”. Despite being cues for gender (although not simple ones), their
function is something else: that of creating new words and assigning new
functions to these words (e.g., to reflect action, to add a derogatory
nuance to a noun, etc.). This may also explain why they are not over-
generalised in terms of gender — their function is something other than
marking gender and hence children do not use these endings to make
non-transparent nouns transparent when acquiring gender.

2.5. Definition of gender transparency and summary of the determining
factors

We shall now attempt a more accurate definition of the degree of
gender transparency of a language. We will define the degree of gender
transparency of a language as the extent to which the form of nouns
plays a role in the acquisition and processing of grammatical gender

Table 2
Factors to operationalise the degree of gender transparency of languages.
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depending on the frequency and consistency of the associations between
certain word patterns (of nouns themselves and agreement elements)
with each gender value, as well as their perspicuity, syncretism, and
mono-functionality. In Table 2, we present the summary of the above-
mentioned determining factors of gender transparency.

3. A quantitative approach for the calculation of the degree of
gender transparency

Up to this point, we have provided a definition of the concept of
gender transparency based on a number of factors that we believe are
relevant to turn this definition into a standardized one. The goal of this
section is to instantiate the theoretical proposal in a model using real
language. This was not done to present the model as evidence that the
ideas exposed in this paper are correct; mainly because there is not
enough behavioural data thus far that enable us to put it to test. Instead,
our aim is twofold.

First, to demonstrate that it is possible to apply the concepts of this
proposal to a real language and calculate a quantifiable, objective,
plausible measurement for language transparency. However, given that
this is the first such attempt to quantify transparency, the model, along
with the concepts it is based on, will almost certainly require revision
once new behavioural data become available. This leads to our second,
and perhaps more important goal. At present, there is very little
behavioural data in online noun gender retrieval (rather than gender
acquisition) that directly addresses the concept of language trans-
parency, and this would be due, in part, to the previously described
inconsistency within the field with regard to the classification of nouns
as transparent or opaque. By presenting a well-defined set of criteria,
along with the associated model, we hope that researchers within the
field will be inspired to think about gender transparency as a quantifi-
able entity, and design experiments that can verify, or falsify, the con-
cepts we have presented.

Given our first goal, we needed to choose a language for which as
much information as possible, relevant to the theoretical proposal, is
currently available. Hence, we chose European Portuguese as the prin-
cipal language to describe and demonstrate the model — to our knowl-
edge, the available databases for European Portuguese provide more
relevant information than that provided by databases of other languages.
However, we also instantiated a second version of the model using
Dutch. Although this second version of the model is more restricted
owing to the reduced amount of relevant data contained in the Dutch

Factor Modality Subfactors Ideal scenario
Frequency Ortho- Proportion of gender cues on nouns Highest
phonology Number of gender cues per value Lowest (one per gender value)
Morphology Proportion of gender morphemes in nouns and agreement elements Highest
Number of gender morphemes per value Lowest (one per gender value)
Both Frequency of exposure and use during childhood Highest possible number of nouns displaying phonological cues
Overall frequency of exposure and use Highest possible number of nouns displaying ortho-
phonological cues
Number of gender values Lowest
Perspicuity Ortho- Matching between phonology and orthography Absolute (orthographically transparent language)
phonology Syncretism Endings represent only gender
Morphology Syncretism (in agreement elements) Agreement elements represent only one value
Consistency Ortho- Proportion of irregular nouns Lowest
phonology Proportion of opaque nouns Lowest
Mapping of gender values to gender cues One-to-one
Morphology Coincidence between ortho-phonological gender cues and gender Absolute
morphemes
Monofunctionality =~ Ortho- Intertwining with other features None
phonology Gender cues relation with other functions (e.g., derivation of words) No

Note. The ideal scenario reflects the highest degree of gender transparency, which in terms of relative complexity will provide the highest degree of simplicity and ease
of acquiring a gender system. Note that one unique situation may affect more than one factor (e.g., the existence of irregular nouns affects the proportion and frequency
of use of gender cues, their syncretism, and consistency in terms of gender-to-value and value-to-gender linking; this had already been noted by Audring, 2019). Note
also that for first language acquisition and illiterate speakers only phonological gender cues should be considered.
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database, we thought it was important to create this second model for
the following reason. In terms of gender, Portuguese is considered to be
largely transparent whereas Dutch is considered to be generally opa-
que.? Consequently, by including two languages from opposite sides of
the transparency continuum, we were able to provide evidence that the
calculations underlying the model appear to be plausible.

The platform used for creating the model is Microsoft Excel, and this
was chosen as its use is relatively widespread, and it can handle large
amounts of data. It may also be more approachable for people with less
technical backgrounds than, for example, Matlab. Although we use
Portuguese and Dutch to describe the model, the design itself is meant to
be generic and easily applied to other languages. Thus, anybody with a
reasonable amount of experience with Excel should be able to take the
examples presented in the supplementary materials and adapt them to
other languages.

3.1. Overall strategy

One of the consequences that emerges from the four factors described
in the first half of the present work is that all other things being equal,
the more genders a language has, the less transparent it should be.
Although it would be possible to design the model in such a way that, by
default, a language with more genders receives a lower transparency
score than a language with fewer genders, this would require several
design decisions to be made a priori. For example, by how much is
transparency reduced for each additional gender (10 %, 15 %, some
other value)? Additionally, should this reduction be linear? That is, is
the difference in transparency between a 2-gendered and 3-gendered
language the same as the difference in transparency between a 5-
gendered and a 6-gendered language? Or, is the second difference
smaller because the relative change in the number of genders is different
(a 50 % increase going from 2 to 3 genders, but only a 20 % increase
going from 5 to 6 genders)? We believe that “hard wiring” values into
the model for questions such as these without behavioural data as a
guide would be unprincipled. Essentially, it would amount to a “guess
and check” exercise — take an unmotivated design decision up front and
then, at some future time when behavioural data becomes available,
evaluate if the decision was correct. Hence, in creating our model, the
overarching principle was to “let the data speak”. Consequently, we
designed the model to determine values for consistency, syncretism, etc.,
in a data-driven manner; that is, from the word characteristics inherent
in the lexical databases themselves (Portuguese: P-PAL, Soares et al.,
2014; Dutch: CELEX, Baayen et al., 1995). Languages with a higher
number of gender values are still likely to come out less transparent as
more values means more opportunities for exceptions to exist, although
this is not guaranteed. A 3-gendered language with virtually no excep-
tions to the gender cues may be more transparent than a 2-gendered
language which has many opaque and irregular gender cues.

Despite adopting a data-driven approach, due to a lack of empirical
data, some a priori decisions about the model design were inevitable.
Nevertheless, although not grounded in data, it was necessary to make
these decisions in order to permit some components of the model to be
computed, thus allowing for a fuller, more complete version of the
model to be constructed. We will return to this point in the discussion.

2 To understand the upcoming description of the model it is not necessary to
know anything more about the Portuguese and Dutch gender systems beyond
the fact that Portuguese is largely transparent and has two gender values
(masculine and feminine) and Dutch is opaque and has also two gender values
(common and neuter). Nevertheless, the interested reader can find a brief
description of the gender system of European Portuguese, along with a
description of the Portuguese and Dutch lexicons, upon which the model was
applied, in the supplementary materials available on the Open Science
Framework (OSF) at the following link: https://osf.io/74ezj/?view_only=e49
3c6cc2b3a4486b48c370d8575f2ed.
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In summary, we have attempted to instantiate the factors and sub-
factors outlined in the first half of this present work using a design
that is as free as possible from a priori decisions. Whether this design is
correct will be answered by subsequent researchers who design exper-
iments to test the transparency predictions made by this model for
various languages. We next describe how each of the main factors has
been implemented in the model.

3.2. General design principles

3.2.1. Frequency

When children are learning a language, multiple exposures to un-
ambiguous gender cues should aid learning, as happens with other
sublexical properties (Audring, 2019; Pierrehumbert, 2003; Treiman &
Kessler, 2022). In contrast, multiple exposures to opaque and irregular
gender cues should make learning gender cues more difficult (Kidd,
2012; Kupisch et al., 2002; Rodina & Westergaard, 2013). To capture
this aspect, we take word frequency as a proxy for the number of times a
child is exposed to each word. This is commonly done in reading studies
as word frequency is believed to be the current best estimate of a child's
exposure to words (Monster et al., 2022). In terms of the model, the
consequence is that gender cues (and exceptions) that appear in high-
frequency words should influence the calculation of transparency
more (and should thus have larger weightings) compared with cues (and
exceptions) found in low frequency words. To implement this, the
calculation of all concepts in the accompanying spreadsheet that would
likely be affected by the repeated exposure to words has been weighted
by Zipf word frequency (van Heuven et al., 2014). However, to avoid
needless repetition, and for the sake of simplicity, in the description of
explicit calculations below, we omit any reference to word frequency.
Anyway, the interested reader can verify exactly how frequency has
been implemented by examining the formulas in the spreadsheet.

3.2.2. Consistency, perspicuity, syncretism and mono-functionality

Although frequency is quite easy to describe and implement in the
model, the remaining theoretical concepts are often interrelated, their
presence in the model is less obvious, and/or it is not possible to
explicitly separate them in the calculations. For instance, simplicity can
refer to one cue per gender as well as to the complexity of the cues (for
example, single-letter endings versus multi-letter suffixes). In this first
case, within the model, “many” rows in tables which represent cues for a
specific gender would represent a more complex case than a table con-
taining few rows. Again, for the sake of brevity, these implicit aspects
are not described. Furthermore, perspicuity, syncretism, and simplicity
will generally emerge from the data-driven design, rather than needing
explicit a priori design decisions. To illustrate, if, for example, three
different orthographical forms map to the same phonological ending,
the perspicuity, that is, the clarity and simplicity of the phonological cue
will be negatively impacted by this mismatch. What starts as a simple
one-to-one relationship (the single phoneme related to a specific gender)
when children are pre-readers will evolve into a more complex rela-
tionship once the child learns to read and discovers three written rep-
resentations related to the one phoneme. As will be explained below,
this added complexity will be captured naturally by the model because,
although the phonological-gender transparency will be high in this case
due to the one-to-one relationship, it will be combined with the corre-
sponding one-to-many orthographic-gender relationship, and thus the
overall transparency will be reduced. Hence, in many places in the
following description, we only talk about consistency, but the other
concepts are included in a less direct way within the model.

As stated in the first half of the present work, the most transparent
cues for gender are also the most consistent. Therefore, in an ideal
transparent system, a single orthographic cue and a single phonological
cue would exist to consistently represent each particular gender value.
That is, within each modality, the relationship between cue and gender
would be strictly one-to-one. Hence, for the calculation of consistency,
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the model essentially assesses how well the cues which exist in the
language measure up to this ideal, with any departures from a one-to-
one mapping reducing the consistency value. Fig. 2 (below) illustrates
the steps required to evaluate consistency, but, in essence, they assess
the following four associations:

i. Single-letter and single-phoneme word endings with gender,
separately for nouns, adjectives, and determiners/pronouns.
ii. Multi-letter gender cues (derivational or not).
iii. The consistency between syntactic categories.
iv. The consistency between single- and multi-letter cues.

From this point, we present a more detailed, technical discussion of
the model.’

3.3. The relationship between orthography and gender

As children learn to speak before they learn to read, the gender cues
present in spoken language would influence children before the gender
cues present in written language. Hence, it would seem natural to start
with a description of how phonology is processed in our model. How-
ever, to instantiate the phonological-related aspects of our proposal, we
would need access to the full phonological representations for each word
included in the model. Unfortunately, the P-PAL database does not
contain any phonological information in a coded (useable) form. How-
ever, Sa-Leite (2021) has produced a list of word-final phonemes for
each Portuguese nominal ending in the P-PAL database, and we were
able to use this data. Hence, while it was possible to include multi-
lettered orthographic cues in the model, it was only possible to
include single-phoneme cues, and only for nouns, as they were the only
phonological cues available. Consequently, it was not possible to
instantiate some of the theoretical steps encompassing the phonology-
gender relationship due to this lack of data. Nevertheless, the theoret-
ical steps required to incorporate phonology are, in general, identical to
the theoretical steps that need to be considered for orthography. For this
reason, we have chosen to begin by describing the relationship between
orthography and gender as we believe that the reader will gain a better
appreciation of the model by first describing this more complete rela-
tionship, rather than start by describing the partially implemented
phonology-gender relationship.

3.3.1. The orthography-to-gender component

The first stage in determining the relationship between orthography
and gender requires calculating the transparency value going from
orthography to gender. Essentially, for each orthographic cue present in
the language, a gender preference is determined, along with the strength
of this preference. How these preferences are determined, along with
how they are combined is described below. There are eight specific steps
in this stage, and these are summarised in Fig. 2.

3.3.1.1. Single-letter word endings and gender. This first set of calcula-
tions is implemented for nouns, adjectives, and determiners/pronouns
and is represented by the four boxes in the upper left corner of Fig. 2. The
calculations are essentially identical for each syntactic class. The specific
examples in the following discussion are all for nouns.” The following
steps are performed:

3 Given the inherent complexity of some of the calculations, having the
spreadsheet open while reading the description will greatly increase under-
standing of the model.

4 The specific calculations can be found on sheet “1 — Noun Stats”, in cell
range A1:J37, sheet “2 — Adjective Stats”, in cell range A1:J24, and sheet “3 —
Det Stats”, in cell range A1:13.
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i. Column E: The proportion of nouns that end in each of the 33
letters is determined. For example, 32.91 % of nouns end in “-a”
while just 5.24 % of nouns end in “r”.

ii. Columns I & K: The “preferred gender” for each letter is deter-
mined, along with the strength of this association. For example,
89.47 % of nouns that end in “-a” are feminine while 95.36 % of
nouns that end in “-r” are masculine. Thus, both of these ortho-
graphic endings have a clear, but not perfect, gender preference
when found in nouns.

iii. Column J: The previous two factors are combined by simple
multiplication. This is done to take into account both the strength
of the association with the preferred gender, together with the
frequency of the final letter in the corpus. As seen above,
although the strength of the gender preference is similar for “-a”
and “-r”, given that “-a” is more frequent, its weighting is higher
than that for “-r” (0.2945 vs 0.0499, respectively). Thus, the
ending “-a” will contribute more to the transparency calculation
than will “-r”.

iv. Cell J37: The weights for all letters are summed to provide a final
value for single-letter suffix consistency for nouns. This total is
shown as Step 1 on the summary sheet and has a value of 78.95
%. That is, approximately 4 out of every 5 single-letter noun
endings accurately predict gender.

The four steps just described are repeated for adjectives and de-
terminers/pronouns, with the resultant transparency scores shown on
the summary sheet as Steps 2 and 3. However, these three values
represent the consistency scores within three different syntactic classes.
As described in the introduction, consistency of cues is an important
factor, with a lack of consistency negatively impacting transparency.
Accordingly, a procedure is now required to both compare gender
preferences between syntactic classes as well as combine them into a
global consistency score for single-letter word suffixes.

There are essentially two tasks here, depending on whether the
gender preference for nouns for each of the final letters agrees with its
gender preference for the other syntactic categories. The calculations are
essentially identical for each syntactic class. The specific examples in the
following discussion are all for adjectives.”

a) For each final letter, if the gender preference for nouns agrees with
the gender preference for adjectives, the strength of the noun pref-
erence is increased. This strengthening needs to take into account:

i. The weighting of the gender preference for adjectives.
ii. The weighting of the gender preference for nouns.
iii. The proportion of the entire lexicon which is composed of ad-
jectives, compared to nouns.

To illustrate these three principles, the endings “-e” and “-1”
have similar weightings for their gender preferences within ad-
jectives (0.0691 vs 0.0932, respectively; cells E10 and E19).
However, the noun weighting for “-e” is approximately 4 times
stronger than the noun weighting for “-1” (0.0727 vs 0.0187,
respectively; cells B10 and B19). Consequently, the adjustment
made for “-e” needs to be larger than the adjustment made for
“-1”. Finally, the strengths of these adjustments need to take into
account that there are far fewer adjectives in the lexicon,
compared to nouns; just 24.8 % (cell H1). Thus, the influence of
adjectives should be weaker than that of nouns. The final
weighting for each letter is calculated in column F.

b) If, on the other hand, the gender preference for nouns differs from the
gender preference for adjectives (for example, as is the case for the
final letter “-m”; cell C20 vs cell G20), the strength of the noun
preference should decrease. In these cases the strength of the noun

5 The specific calculations can be found on sheet “4 - Adjustmentl Adj-Det-
Pron”.
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Nouns

Single-Letter Endings

Adjectives

Determiners &
Pronouns

Step 1, Sheet 1 (78.95%)

e For each letter,
determine the gender
preference & strength.

e Weight strength by last
letter frequency and
word frequency.

e Sum weights to
calculate orthography-

to-gender transparency.

Step2, Sheet 2 (78.56%)

e For each letter,
determine the gender
preference & strength.

e Weight strength by last
letter frequency and
word frequency.

e Sum weights to
calculate orthography-
to-gender transparency.

Step 3, Sheet 3 (91.96%)

e For each letter,
determine the gender
preference & strength.

* Weight strength by last
letter frequency and
word frequency.

e Sum weights to
calculate orthography-
to-gender transparency.
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Multi-Letter Suffixes

Nouns

Adjectives

Step 5, Sheet 5 (+10.80%)

e For each suffix,
determine gender
preference & strength.

* Weight strength by
suffix frequency and
word frequency.

e Sum weights to
calculate orthography-
to-gender transparency.

Step 6, Sheet 6 (+5.01%)

e For each suffix,
determine gender
preference & strength.

e Weight strength by
suffix frequency and
word frequency.

e Sum weights to
calculate orthography-
to-gender transparency.

v

Step 4, Sheet 4
(+4.64%, Final 83.58%)

e Combine gender preferences
from each grammatical class.
¥ Increase weight when they

match.
» Decrease weight when
they do not match.

v

Step 7, Sheet 7 (+10.81%)

e Combine gender
preferences from each
grammatical class.

» Increase weight when
they match.

» Decrease weight when
they do not match.

Note. The first line in each step description indicates on which
sheet in the excel file the calculations are performed, followed in
parentheses by the change in transparency value and/or the final
transparency value calculated by that step for Portuguese.

e Combine single-letter endings

Step 8, Sheet 8
(+4.36%, Final 87.94%)

and multi-letter suffixes.

» Increase weight when they
match.

» Decrease weight when they
do not match.

Fig. 2. Required steps to calculate the orthography-to-gender transparency value.

preference is reduced by the strength of the adjective preference, and
this magnitude is calculated in the same way as the previous point
(shown in column K). We note here that none of the final letters
which have a conflict of gender preference between nouns and ad-
jectives are very frequent, and consequently all of the resultant re-
ductions in strength are quite weak.

The steps just described are repeated for determiners/pronouns, and
these are combined with the adjustments calculated for adjectives, with
the result shown in column S. The sum of this column represents the
adjustment to final letter orthography-to-gender transparency, taking
into account syntactic classes other than nouns. This value of +4.64 %
appears in cell S36, as well as Step 4a on the summary sheet. This small
positive value essentially means that, more often than not, the gender
preferences for the final letters did not differ across syntactic categories,
and so the transparency score increases. The final step is to simply apply
this adjustment to the noun orthography-to-gender transparency value
that was calculated in Step 1. This is step 4b on the summary sheet, and
the value of 83.58 % represents the global orthography-to-gender con-
sistency, taking into account the final letter of each word, as well as
whether the gender preferences for adjectives, determiners, and pro-
nouns agree with the preferences of nouns.

3.3.1.2. Multi-letter word endings and gender. Up until this point, the
consistency calculations have only considered the final letter of words.
However, as noted in the introduction when describing derivational
suffixes, for many languages, including Portuguese, there are specific
multi-letter endings that are strongly associated with a particular
gender. For example, the four-letter ending “-cién” in Spanish is strongly
associated with the feminine gender, as is “-heit” in German. Yet, while
multi-letter endings are in some sense more complex than single-letter
endings, if they represent a reliable predictor of gender they must be
taken into account. In this section, we describe how this was achieved in

our model.

While all single-letter endings were considered in the previous sec-
tion (33 in total when the presence of a diacritic is considered), this is
not practical for multi-letter endings. Within our database, just consid-
ering nouns, there are 336 unique 2-letter endings, 1.539 unique 3-letter
endings, 4.907 unique 4-letter endings, and over 10.000 unique 5-letter
endings. Furthermore, most of these combinations are very infrequent,
and would not alter the final transparency calculation in any meaningful
way. Thus, we needed to find a way to determine which multi-letter
endings are relevant in terms of predicting word gender. Fortunately,
this work has already been done for us. Based on Rio-Torto et al.'s (2013)
analysis of noun formation through suffixation, Sa-Leite (2021) has
collected all suffixes of European Portuguese and identified that all but
two (“-nte” and “-vel”) had a clear statistical gender preference. We used
this list as the basis for assessing the influence of multi-letter gender cues
in nouns. Similarly, a list of suffixes was created for adjectives (based on
Rio-Torto et al.'s analysis). Although the specific multi-letter cues differ
between syntactic classes, the calculations are identical for each and are
represented by the three boxes in the upper right corner of Fig. 2. The
following steps are performed, separately for suffixes of different lengths
(i.e., for all 2-letter suffixes, for all 3-letter suffixes, etc.), although in the
following discussion, all examples are taken from 2-letter noun suffixes.’
We note at this point that steps i, ii, iii, and v are logically equivalent to
the steps previously described for single-letter suffixes:

i. Column E: The proportion of nouns that end in each of the rele-
vant 2-letter suffixes is determined. For example, 11.77 % of
nouns end in “-ao”.

6 The specific calculations can be found on sheets “5 - Multi Letter Noun
Endings” and “6 - Multi Letter Adj Endings”.
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ii. Columns I & L: The “preferred gender” for each 2-letter suffix is
determined, along with the strength of this association. For
example, 81.07 % of nouns that end in “-ao” are feminine.
Column J: These two factors are combined by simple multipli-
cation to create a weighted value for the 2-letter suffix gender
preference. As per single-letter endings, this is done to take into
account both the strength of the association with the preferred
gender, together with the frequency of the multi-letter suffix in
the corpus.

Column K: As the multi-letter word endings are contributing to

the interim transparency value already calculated for single-letter

word endings, the multi-letter weights must be adjusted to ensure
that scores greater than 100 % transparency are not possible.

Hence, the weights are adjusted to consider the contribution to

transparency already made by single-letter endings.

v. These weights are summed to provide a final value for 2-letter
suffix consistency, giving a value of +3.95 %. Importantly, as
only a small number of 2-letter suffixes were included (9 out of a
possible 336 combinations), this value cannot be considered to be
an absolute value for 2-letter suffix consistency. Instead, we
conceptualise it as the increase in the consistency value calcu-
lated for single-letter endings, taking into account these impor-
tant two-letter suffixes.

iii.

iv.

The final step is to simply add up the adjustments calculated for each
suffix length, and this value of +10.80 % appears in cell D96, as well as
Step 5 on the summary sheet. For the moment, this value can be thought
of as the increase in the consistency value calculated for single-letter
noun endings, considering all important multi-letter suffixes.

Once the multi-letter adjustments have been calculated for all
available syntactic classes, the consistency between syntactic classes
was compared. Penalties were applied when disagreements were
found.” The final value of +10.81 % for multi-letter adjustment appears
as Step 7 on the summary sheet. Again, the interim interpretation of this
value is the increase in the consistency taking into account the gender
preferences of the multi-letter suffixed, across all syntactic classes.

However, one last factor needs to be included before the above
interim value can be finalised. All multi-letter suffixes contain final-
letter endings. For example, the 5-letter suffix “-idade” contains the
single-letter ending “-e”, and each has an associated gender preference.
Although in most instances the two gender preferences agree, this is not
always the case. Examining the values calculated by the model reveals
that the 3-letter noun suffix “-¢cao” is very strongly associated with the
feminine gender; 96.48 % of nouns that end in this suffix are feminine.
Additionally, nouns possessing this suffix represent 8.60 % of all nouns,
so this particular suffix is quite influential. Nevertheless, as has been
stated in the introduction, in Portuguese the single-letter ending “-0” is
very strongly associated with the masculine gender; over 40 % of nouns
end with “-0”, and of these, 75.48 % are masculine. Hence, words ending
in “-cao” contain two prominent, influential, but contradicting gender
cues. Although it would be extremely interesting to follow children in a
longitudinal study in order to determine how they learn about, and
subsequently process these 2 cues, we are not aware of any study that
has directly addressed this issue. Regardless, such conflict reduces
consistency, and ultimately transparency, and the model must also ac-
count for this. This process is represented by the lowermost box in Fig. 2.
As per previous evaluations of consistency, the model essentially com-
pares the two gender preferences and penalises any instance where a
conflict is found, with the size of the penalty being equal to the weight of
the multi-letter suffix.® In practical terms, the contribution of the single-

7 The specific calculations can be found on sheets sheet “7 - Adjustment2
Multi”.

8 The specific calculations can be found on sheet “8 - Adjustment3 Single vs
Multi”.
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letter cue is reduced or increased by the strength of the multi-letter cue,
depending on whether the two cues are in conflict or agreement. The
result of these calculations, +4.36 %, can be conceptualised as the in-
crease in consistency between word ending and gender once multi-letter
suffixes are considered. Hence, this value can be added to the single-
letter consistency score to derive a final, global, orthography-to-
gender consistency. This value is shown as step 8b on the summary
sheet, and has a value of 87.94 %. One way to conceptualise this is that,
if one ignores phonology and just considers word final letters, along with
multi-letter suffixes, almost 9 out of every 10 words contain valid cues to
their gender.

3.3.2. Bi-directional relationships

Thus far we have considered the relationship between orthography
and gender by only considering one side of the relationship. Essentially,
we have taken multiple aspects of orthography and subjected them to
various calculations in order to determine their preferred gender and the
strength of these relationships. However, as stated at the outset, in a
perfectly consistent language, each cue should be associated with one,
and only one gender, and each gender should be predicted by one, and
only one cue. Thus, we must now take the relevant calculations
described up to this point and contemplate them in the reverse direction,
that is, going from gender to orthography. However, the task is some-
what simpler in this direction. For example, given that the important
multi-letter suffixes identified in previous steps represent a relatively
small portion of the lexicon, when contemplating the gender to
orthography relationships, only single-letter endings need to be
considered, at least in Portuguese. The individual steps required to
calculate the gender to orthography relationship are summarised in the
right half of Table 3.

To better understand this process, Fig. 3 represents a reduced version
of the Orthographic Noun table from the spreadsheet. The full table
contains 33 rows, one for each letter that can appear in the final position
of Portuguese nouns whereas Fig. 3 contains just 10 rows (5 letters with
feminine preference and 5 letters with masculine preference). From
Table 3, step 1 for the gender to orthography calculation required iden-
tifying the strongest relationship for each gender. From Fig. 3, columns
J, K and L, we can see that the strongest relationship for the feminine
gender is the value 0.2945, for the ending “-a”, and that the strongest
relationship for the masculine gender is 0.3066, for the ending “-0”.

The second step in Table 3 mandates that these two values (now
shown in columns M and N) are combined in some way. As was done
when contemplating the relationship in the opposite (orthography-to-
gender) direction, we simply sum these weighted values to give a total of
60.10 % (and this is step 9 on the summary sheet). Step 3 from Table 3
simply specifies that these calculations are repeated for other word
classes, that is, in the present model, for adjectives, and determiners/
pronouns (Steps 10 and 11 on the summary sheet). Hence, at this point
we have a total of three consistency values for the gender to orthography
relationship. Finally, step 4 from Table 3 specifies that these values need
to be combined into a single value, and this is done by simply taking the
weighted average (step 12 on the summary sheet). The averages are
weighted by the proportions of each syntactic class in the lexicon. The
reason behind this is to recognize that nouns, for example, are the most
frequent syntactic class and should therefore exert a stronger influence
on the calculation.

At this point we have two values for the relationship between
orthography and gender, the value we just calculated which goes from
gender to orthography (step 12) and a previous value which goes from
orthography to gender (step 8b). In step 13 we simply take the average
of these two values to derive a final value for consistency for the
orthography-gender relationship, namely 73.79 %. Thus, taking into
account all relevant aspects of the bi-directional relationship between
orthography and gender, the model suggests that approximately 3 in
every 4 Portuguese words have transparent orthographic cues that
correctly predict gender.
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Table 3

Acta Psychologica 246 (2024) 104236

Comparison of steps for orthography-to-gender and gender-to-orthography calculations.

Step  Orthography to gender Gender to orthography

1 For each of the 93 relevant orthographic endings for nouns (33 single-letter endings, 9 two-letter For each of the 2 genders present in Portuguese, determine which
suffixes, etc.), determine which of the possible genders (in this case, just masculine or feminine) was  single-letter noun ending it is most strongly associated with.
preferred.

2 Taking into account conflicts and other factors, combine all of these values to determine a final Combine these 2 values in some way to determine a final consistency
consistency value. value.

3 Repeat steps 1 & 2 for words from other syntactic classes. Repeat steps 1 & 2 for words from other syntactic classes.

4 Combine values from all syntactic classes. Combine values from all syntactic classes.

A F G H I J K L M N
1 Orthography
2 Final Token Proportions Reverse Consistency

Max Gender || Weighted Max

3 | Letter Fi Total Proportion Gender Prop Gender Pref Rank asculine F
4 a 0.1053 0.8947 1.0000 0.8947| 0.2945|Feminine 1 0.2945
9 c 0.8530 0.1470 1.0000 0.8530 0.0001| Masculine 23 -
11 e 0.4370 0.5630 1.0000 0.5630 0.0727|Feminine 2
20 | 0.8021 0.1979 1.0000 0.8021 0.0187|Masculine 3
21 m 0.3566 0.6434 1.0000 0.6434 0.0107|Feminine 3 -
23 o 0.7548 0.2452 1.0000 0.7548) 0.3066|Masculine 1 0.3066
27 r 0.9536 0.0464 1.0000 0.9536 0.0499| Masculine 2
28 s 0.8968 0.1032 1.0000 0.8968| 0.0043|Masculine 4
32 v 0.4524 0.5476 1.0000 0.5476) 0.0001|Feminine 7
36 z 0.4164 0.5836 1.0000 0.5836 0.0036{Feminine 4

Fig. 3. Reduced version of the noun orthography table taken from sheet “1 — Noun Stats”.
Note. The purpose Fig. 3 is to clarify how the Bi-Directional Relationships are calculated. Accordingly, only 10 of the 33 rows, and 10 of the 14 columns from the full

table are shown here for simplicity.

3.4. The relationship between phonology and gender

Having calculated a gender transparency value considering just
orthography, we now turn to the contribution made by the phonology-
gender relationship. Theoretically, the steps needed for phonology are
identical to those needed for orthography, with phonemes substituted
for letters. Additionally, given that our phonology data consists of just
the final phoneme for each noun, rather than multi-phoneme endings for
all syntactic classes, many of the steps described in the orthography
section cannot be implemented in the present version of the model due
to lack of data. For these two reasons, the subsequent description of the
phonology-gender relationship will be necessarily brief compared with
the description for orthography. However, we stress that this is not
meant to downplay the importance of the phonology-gender relation-
ship. Following the restrictions that result from having limited phono-
logical data, Fig. 4 summarises the steps that have been implemented in
the model.

In the first step, the equivalent process for orthography was to
analyse the gender preference for the 33 possible letters that can appear
at the end of a written Portuguese noun. Hence, for phonology, the
model analyses the 35 possible phonemes that form the ends of spoken
Portuguese nouns.” As per the orthography calculation, for each
phoneme, the strength of the gender preference is weighted by the fre-
quency of the phonemes in the final position of words, along with the
frequencies of the words they appear in. For example, 32.91 % of nouns
end in the phoneme /e/, and of those, 89.47 % are feminine. Accord-
ingly, this phoneme would influence the transparency calculation far
more than, for example, the phoneme /g/ which is the final phoneme in

9 The specific calculations can be found on sheet “1 - Noun Stats”, range A41:
J79 and range K41:N79.
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just 0.21 % of nouns. The weighted transparency scores are summed to
provide an overall phoneme-to-gender score in step 14a of 86.49 %.

Using a similar method for the gender-to-phoneme relationship the
preferred phoneme and the strength of the relationship are determined
for the two genders (/e/ for feminine, /u/ for masculine), and their
weighted values are combined in step 14b to provide an overall trans-
parency value of 58.00 %.

Finally, the phoneme-to-gender and gender-to-phoneme values are
combined in step 15 to determine the overall transparency for the
phonology-gender relationship, which has a value of 72.24 %. Bearing in
mind that we only have phonological information for nouns, this value
indicates that for slightly less than three-quarters of Portuguese nouns,
the final phoneme correctly indicates the gender.

3.5. Overadll language transparency

Having derived a transparency value for the orthography-gender
relationship and the phonology-gender relationship, the final step is to
combine these into a global transparency value for the entire language.
This is done in Step 16 by taking an average of these two numbers to give
a value of 73.02 %. This value means that Portuguese is not completely
transparent, but it infers that Portuguese does generally contain clear
gender cues with only a relatively small number of ambiguous or
irregular combinations. As would be expected, it falls on the transparent
side of the supposed Transparency Continuum proposed by Kupisch
et al. (2018), analogously to Spanish and Italian, which are similar
Romance languages that have been qualitatively assessed as transparent
in this proposal.

At this point, we note that step 16 is only relevant for skilled adult,
literate language users, as is based on both orthographic and phono-
logical information extracted from a database of adult word frequencies.
It would not be relevant to calculate this overall value for individuals
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Single Phoneme Endings (nouns only)

Phonology to Gender

Step 14a, Sheet 1 (86.49%)

e For each of the 35 phonemes, determine
the gender preference & strength.

e Weight strength by last phoneme
frequency and word frequency.

e Sum weights to calculate phonology-to-
gender transparency.

Gender to Phonology

Step 14b, Sheet 1 (58.00%)

e For each gender, determine final
phoneme preference and strength.

e Weight strength by last phoneme
frequency and word frequency.

e Sum weights to calculate gender-to-
phonology transparency.

Step 15, Summary Sheet (72.24%)

e Combine these values to create the final
Phonology-Gender transparency score.

Fig. 4. Summary of steps for the phonology-gender calculations.

who were pre-readers, or who were illiterate, as these individuals would
only have been exposed to phonological gender cues. However, given
the modular, step-wise nature of the calculations in the model, it is
nevertheless possible to extract a more relevant transparency value for
non-typical examples. In the case of individuals who had not learned to
read, the relevant gender transparency score would be calculated in step
15 as it is based purely on the relationship between phonology and
gender.

3.6. An example using Dutch

In terms of gender, Portuguese is considered to be largely trans-
parent. To provide additional evidence of the plausibility of the model,
we decided to apply it to a language which is generally considered to be
opaque. Dutch has a bipartite gender system with two gender values:
common and neuter. The common gender value emerged in modern
Dutch when the feminine and masculine gender values collapsed into
one (Postma & van Reenen, 2009). Nowadays, masculine and feminine
are almost only used for natural gender, similarly to English (pronouns;
nouns referring to men/women; Audring, 2006; Hinskens et al., 2020).
Relevant for our purposes, gender in Dutch is usually regarded as opaque
(Unsworth, 2008). Usually, the only consistent regularity identified is
that present for diminutive nouns, which are formed with the suffix
“-chen” and are always neuter, regardless of the gender (common/
neuter) of the noun they derive from. For this reason, instantiating the
model in Dutch will provide a useful contrast to Portuguese.

To construct the model for Dutch, we used the CELEX Database
(Baayen et al., 1995). Compared to the Portuguese database, CELEX
contains limited data for our purposes; although this database contains a
lot of information for many different syntactic classes, gender infor-
mation is only available for nouns. Furthermore, we have no informa-
tion regarding which multi-letter suffixes provide reliable gender cues in
Dutch. However, given the modular nature of the model, this does not
present an insurmountable problem. It is possible to perform a subset of
calculations in order to provide a qualified value for language trans-
parency whose scope is limited to the type of data that was present in the
language database, rather than applying to the entire language. Hence,
any conclusions drawn from our calculations for Dutch should be limited
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to just nouns. Table 4 summarises the values for transparency for Dutch,
along with the equivalent values for Portuguese.

The overall transparency score for Dutch was 43.39 %. Given that
this value was based on far less information than was used for Portu-
guese, rather than comparing the Dutch transparency score to the full,
complete transparency score for Portuguese (top half of Table 4), we feel
it would be more meaningful to make a like-for-like comparison. Hence,
the bottom half of Table 4 includes a reduced set of Portuguese data,
along with new adjusted totals based on this reduced data. Considering
firstly orthography, going from orthography to gender we have 78.95 %
for Portuguese versus 73.24 % for Dutch. This value for Dutch is unex-
pectedly high, given that Dutch is generally considered opaque for
gender, and suggests that in approximately three-quarters of Dutch
nouns, the final letter in correctly predicts gender. However, in the
opposite direction, going from gender-to-orthography, there is a large
dissociation between the two languages, with scores of 60.10 % for
Portuguese versus 12.28 % for Dutch. This difference can be explained
as follows. In Portuguese, a feminine noun is often spelled with a final
“a” and a masculine noun is often spelled with a final “o”. Hence, there
are clear preferences, and consequently, the exceptions that do exist are
relatively infrequent. In contrast, in Dutch, there is no clear final letter
preference for either gender, with the strongest relationship for the
common gender — just over 12 % of nouns with the common gender are
spelled with a final “e”. Hence, each gender is weakly associated with
many letters, and these effectively act as exceptions, with the conse-
quence that transparency is inevitably reduced.

We believe it would also be justified, and useful, to calculate aver-
ages; that is, overall orthography-gender values for nouns, thus giving
69.52 % for Portuguese and 42.76 % for Dutch. Therefore, if one con-
siders the bidirectional nature of the orthographic-gender relationship,
over two-thirds of Portuguese nouns contain final letters that correctly
indicate gender, whereas this is the case in just over 40 % of Dutch
words. Of interest, we also note that the value of 69.52 % for Portuguese
is less in this reduced model compared with the corresponding value of
73.79 % for the full model. This reflects the fact that the transparency
score for Portuguese in the full model benefits from a high degree of
agreement in gender preference across syntactic classes as well as sup-
port from multi-letter suffixes.
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A comparison of transparency for Portuguese and Dutch using the full model (above) and results based just on nouns.

Model step

Portuguese

Dutch

Comparison using full version of the model
Orthography
Orthography to Gender
Step 1. Noun (Last letter)
Step 4a. Adjust. for Adj/Det/Pron (Last letter)
Step 8a. Final global multi-letter suffix adjust.
Gender to Orthography
Step 9. Noun (Last letter)
Step 10. Adjective (Last letter)
Step 11. Det/Pron (Last letter)
Step 12. Final global (Last letter)
Step 13. Final global Orthography-Gender
Phonology
Step 14a. Noun Phon-to-Gender (Last phoneme)
Step 14b. Noun Gender-to-Phon (Last phoneme)
Step 15. Final global Phonology-Gender
Combined Transparency (Step 16)
Comparison using just nouns
Orthography
Step 1. Orthography-to-Gender (Last letter)
Step 9. Gender-to-Orthography (Last letter)
Final global Orthography-Gender Relationship
Phonology
Step 14a. Phonology-to-Gender (Last phoneme)
Step 14b. Gender-to-Phonology (Last phoneme)
Final global Phonology-Gender Relationship
Combined Transparency

+4.64
+4.36

60.10
57.58
67.39

86.49
58.00

78.95

60.10

86.49
58.00

78.95
83.58
87.94

73.24

73.24

12.28

59.65
73.79

12.28
42.76

73.04
14.99
72.74
73.02

44.01
43.39

73.24
12.28
69.52 42.76
73.04
14.99
72.74
71.13

44.01
43.39

Note. Adj = Adjective; Adjust. = Adjustment; Det = Determiner; Phon = Phonology; Pron = Pronoun.

A similar pattern for Dutch was seen when analysing the phonology-
gender relationship. When going from final phoneme to gender, the
transparency score for Dutch nouns was reasonably high, being 73.04 %.
However, going from gender to final phoneme, transparency is just
14.99 %. Again, this reflects the fact that, in general, many final pho-
nemes appear to have a clear gender preference. In fact, examining the
phonology table in the Dutch model reveals that two-thirds of phonemes
have a preference for one of the two genders which exceeds 65 %.
However, as occurred with letters, there is no clear phoneme preference
for either gender, and, instead, the many weak relationships effectively
act as exceptions, thus lowering the transparency score.

Finally, we calculate overall transparency scores for nouns in the two
languages by averaging the orthography and phonology scores. The final
values are 72.24 % for Portuguese and 44.01 % for Dutch. Indeed, Dutch
is systematically regarded as an opaque language when it comes to
gender (Unsworth, 2008), and qualitatively classified in the opaque side
of transparency by Kupisch et al. (2018), and the values produced by the
model support this classification. Interestingly, our model suggests that
Dutch orthography and phonology may generally contain clear cues for
gender, and that the apparent opaqueness of Dutch may largely be
driven by the fact that each gender is associated with many final letters
and many final phonemes.

4. Closing remarks
4.1. Limitations

In our opening comments, we stated that our goal was to let the data
speak and create a model that was as free from a priori decisions as
possible. However, this was only partially achieved. On the one hand,
we were able to take advantage of the lexical information available in
the Portuguese and Dutch databases. Thus, the effect of consistent
gender cues, as well as the exceptions, on transparency were calculated
from the data, rather than imposed on the model, with word frequency
used as a proxy for word exposure. On the other hand, we are not aware
of behavioural data which could be used to guide all of the design de-
cisions we need to take. A perfect example of this is the final step in the
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calculation (step 16); the decision to derive the overall language trans-
parency score by calculating the average of the orthography-gender
relationship and the phonology-gender relationship. In effect, this is
an a priori decision which does have consequences. By taking the
average we are giving equal importance to orthographic and phono-
logical gender cues. However, it may be the case that phonological cues
are more salient given that, as previously noted, children generally learn
to speak before they learn to read. Nevertheless, this is an open question
that requires empirical data to be answered. Additionally, even if we had
assumed that phonological cues should contribute more to the overall
transparency of the language, this would have obliged us to include in
the model a specific weighting in favour of phonology, yet this would be
completely unmotivated due to a lack of behavioural data. Hence, we
believe that calculating the average of the orthography-gender and the
phonology-gender relationships (and hence assuming equal importance)
is the lesser of two evils. Future research that collects relevant empirical
evidence will inform us on how to improve the model's design.
Another potential limitation of the present work is that the word
frequencies provided in the P-PAL database can be considered, for
practical purposes, to be “adult exposure” word frequencies. However,
the use of “adult frequencies” in and of itself does not invalidate the
model. Instead, it just means that the final transparency value derived
will be slightly different from the value that would be obtained if
“toddler frequencies” were available. Furthermore, we hypothesise that
there would be little difference in the final transparency value obtained
if one substituted “adult frequencies” with “toddler frequencies”. The
reason for this is that children tend to learn mostly high frequency words
and the increase in lexicon size as one becomes an adult is largely made
up of lower frequency words (Bonin et al., 2004; Zevin & Seidenberg,
2002). Thus, the lexical cues that children are exposed to would tend to
influence the calculation of transparency to a greater extent than words
which are only known to adults. Nevertheless, this hypothesis could be
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tested if a database of child word frequencies in the Portuguese language
were to become available.'’

In this sense, we note that to fully test this model, new databases
must be created that contain all of the information required to instan-
tiate all of the concepts included here. To be fair, databases exist for
many languages, but often some critical piece of information is lacking
(quite often, the gender of each word, e.g., SUBTLEX-DE, Brysbaert
etal., 2011; SUBTLEX-ES, Cuetos et al., 2011; EsPal, Duchon et al., 2013;
dlexDB, Heister et al., 2011). Indeed, in the present work, word
phonology in Portuguese was only available for nouns, and even then,
only after combining two sources of lexical information (Sa-Leite, 2021;
Soares et al., 2014). This means that we were unable to determine
whether multi-phoneme endings always agree in their gender preference
with that of the final phoneme, in which case transparency would in-
crease, or whether there are many conflicts, such as the “-¢a0” peminine VS
“-0” Masculine Case we saw in orthography, in which case, transparency
would decrease.

Additionally, gender information was not available in Dutch for
syntactic classes other than nouns. However, given that the overall
transparency calculation requires many steps, it is possible to calculate
transparency for specific aspects of a language, and this may still prove
useful. As seen with the example using Dutch, although the database
contained far less information than the Portuguese database, we were
still able to make a direct, albeit limited comparison between the two
languages; that is, solely based on the gender transparency calculations
performed for nouns, and recognising that inconsistencies between
grammatical categories were not taken into account. Depending on the
specific research goals, this may still prove to be useful.

4.2. Possible enhancements to the model

The current version of the model includes word frequency but does
not include other key variables known to influence lexical processing,
such as age of acquisition and word length. Future versions of the model
could include these features if behavioural data supported their inclu-
sion. In any case, the decision was taken to not include many variables
known to influence lexical processing for the following reasons. The goal
of the model was to calculate an overall gender transparency value for
an entire language. Thus, it is important to bear in mind that in the
present work, we are concerned with how gender cues contained in the
entire lexicon influence the learning of gender, rather than describing
how gender is retrieved when individual words are processed. Conse-
quently, we have not included variables known to be important in lex-
ical processing, such as age of acquisition, as we do not believe them to
be especially relevant to the present work.

Given that the two languages used to demonstrate the model have
two genders, it is relevant to ask if the model could be applied to lan-
guages with more than two genders, for example, Swahili and other
Bantu languages. The short answer is “yes”. The model was designed to
be scalable. In fact, we piloted the model on a small, invented language
with three genders. The purpose was not to determine what typical
transparency values might be for tri-gendered languages. Instead, it was
merely to ensure that the formulas and steps proposed would still
function adequately in a language with more than two genders. Thus,
there is nothing inherent in the general structure of the model that

10 Current databases of language development in European Portuguese (e.g.,
FrePOP, Frota et al., 2010; PLEX5, Frota et al., 2012; CDI-European Portuguese,
Frota et al., 2015; ESCOLEX, Soares et al., 2014) do not allow us to conduct
such an analysis as they test older children that have already acquired gender,
or do not provide information about gender, and future research might usefully
fill this gap.
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would prevent it from being evaluated against a language with many
genders.'!

4.3. Possible uses for the model

Given that the model presented here instantiates the ideas presented
in the first half of the present work, it essentially makes predictions,
which, we believe, could be tested with the correct experimental design.
The results could be used to refine both the model and the concepts upon
which it is based. What might such experiments look like? We present
two very basic (oversimplified) proposals here but believe that as re-
searchers in the field begin to think of gender transparency as a quan-
tifiable concept, many different experiments will be conceived.

4.3.1. Within language study

Given that the model calculates both the orthography-gender rela-
tionship and the phonology-gender relationship, it is possible that, for a
particular language, one dimension is highly transparent while the other
is not. For example, in a language with relatively few, but unambiguous
phonetic cues accompanied by many orthographic cues where many
exceptions abound, phonology may come out at 90 % transparent while
orthography at only 50 % transparent (resulting in a global transparency
value of 70 %). This suggests that the phonetic gender cues of this lan-
guage would be easier and faster for children to learn, compared to the
orthographic gender cues. Further, such a difference should be detect-
able. In this case, if children were presented with pseudowords which
contained gender cues in both an oral and written form and were asked
to use them in a sentence, we would expect more agreement between
language elements and fewer errors in the children's orally produced
sentences (with respect to gender agreement) compared to their written
sentences.

Another possibility would be to study whether, within languages,
transparency differs greatly across syntactic classes. As the model
essentially calculates transparency for different grammatical classes
(assuming a relevant database is available), the predictions of the model
regarding these differences could be empirically evaluated.

A final possibility would be to determine if transparency varies be-
tween genders within the same language. If, for example, the model
determines that the orthography-to-phonology transparency is high for
gender-A, but low for gender-B, it potentially means that children would
have more problems learning gender-B. It also suggests the possibility
that educators may need to spend more time teaching children about
reliable cues for gender-B compared to gender-A.

4.3.2. Cross-language study

Given that the model breaks down the concept of transparency into
many steps, it may be the case that language A has a relatively low
transparency score compared to language B, but that a specific aspect of
language A was nevertheless more transparent than the corresponding
aspect in Language B; for example, the transparency of multi-letter cues.
Again, this observation would suggest experiments which could be
carried out to determine if this predicted difference is observed between
the speakers of each language.

4.3.3. Non-typical language users

Another possible advantage of the modular nature of the model is
that it could make predictions regarding gender acquisition and use for
non-typical language users. An obvious example is the fact that the
orthography-gender and phonology-gender relationships are calculated
separately. Thus, for example, individuals with little or no exposure to
written words would rely almost exclusively on the gender cues in

11 We have included this tri-gendered version of the model in the supple-
mentary materials (OSF link) as a guide for any researcher who might like to
apply the model to languages with more than two genders.
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spoken words. Hence, the values produced by the model using just
phonological information could be of relevance to, for example, child
pre-readers and illiterate adults. On the other hand, individuals with
profound congenital or early acquired hearing loss will not have had the
opportunity to be exposed to spoken language. Although modified
phonics programs have been developed for deaf and hard-of-hearing
(DHH) individuals (for example, Trezek et al., 2007), not all DHH in-
dividuals receive such programs. Furthermore, many DHH individuals
become skilled readers despite having remarkably poor phonemic
awareness (Miller & Clark, 2011). Consequently, it is plausible that the
orthography-gender transparency values calculated by the model would
be more relevant than the overall transparency scores for research
involving gender processing in DHH individuals.

4.4. Final considerations

The present paper set out to achieve two goals. As noted in the
introduction, an unresolved challenge in the study of gender trans-
parency is the inconsistency in its definition and use in classifying
different languages. Thus, our first goal was to propose a systematic
method of assessing the degree of gender transparency of languages
following the principle of complex relativity described by Audring
(2019). This proposal is explained in detail in Section 2 of this paper. To
our knowledge, this is the first attempt to develop a new way of assessing
languages according to their degree of gender transparency. Our second
goal was to instantiate the theoretical proposal in a model using two real
languages which are generally considered to be very different in terms of
gender transparency. The fact that the model produced plausible values
for each language (when using only language elements available in both
databases, 71 % for Portuguese vs 43 % for Dutch), serves to demon-
strate that it is possible to apply the concept of this proposal to real
languages and derive quantifiable values for transparency that are not
far away from the theoretical assumptions made in the literature.

We believe that the achievement of these two goals represents a
crucial step forward in the field. Firstly, we believe that the current
proposal will allow the concept of gender transparency to be standard-
ized across studies. Secondly, we hope that the model serves as a “call to
arms” for researchers in the field, ultimately encouraging them to think
about gender transparency as a quantifiable concept. In the first
instance, we encourage our companions in the field to critique the
model. Subsequently, we hope that other researchers will help to expand
the model. Although we largely used Portuguese to illustrate the pro-
posal, to fully validate the model, and to build a precise continuum of
gender transparency, multiple languages should be analysed and
compared to each other. The model was built to be both flexible and
scalable. Accordingly, we encourage other researchers to embrace this
project and take the first steps to the building of such a continuum.
Nevertheless, there is currently a lack of suitable databases which can
inform research in this area. Thus, another avenue of research that other
authors may pursue is the expansion of existing databases, or the crea-
tion of new databases, which will allow further research along these
lines. Ultimately, our motivation is that the present work inspires re-
searchers who are interested in all aspects of language transparency and
hopefully causes research in this area to flourish.
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