Structural language distance: the invisible variable in modeling the bilingual
brain. An approach from Parkinson’s disease
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Two models try to explain the neurocognitive basis of language in bilinguals:

The declarative/procedural model (Ullman 2001; Ullman 2001; Ullman et al. 1997; Paradis 2009;
Paradis 1994) suggests two memory systems that are engaged with language. The declarative system
sustains the no rule-governed levels of language, whereas the procedural system manages the rule-
governed ones. The two systems operate in different brain areas, and the age of acquisition and
proficiency among bilinguals are important variables.

On the other hand, the single network model (Perani & Abutalebi 2005; Abutalebi & Green 2007) argues
that there is only one system with shared brain areas, even in the case of bilinguals.

Both models point out the importance of the basal ganglia in language. In the declarative/procedural
model, they are involved in the procedural memory in early, high proficiency bilinguals. In the single
network model, they mediate word selection for monolinguals and language selection in bilinguals.
Basal ganglia are affected by Parkinson’s disease from early stages.

However, both models present inconsistencies when considering the results of studies that focus on
language performance in bilingual Parkinson’s disease patients (Cattaneo et al. 2019; Cattaneo et al.
2015; Johari et al. 2013; Lee & van Lancker Sidtis 2020; Zanini, Tavano & Fabbro 2010; Zanini et al.
2004). Either they reveal deficits in one language or no differences between languages. A possible
explanation for this phenomenon could be a variable not yet considered: structural language distance
between L1 and L2. Structural language distance is different between studies, from a small distance as
in the case of Catalan-Spanish, to the large distance between English and Korean.

Our hypothesis is that structural language distance is crucial for explaining language performance in L1
and L2, rather than the affectation in the basal ganglia. That is, language distance may be more relevant
than the implication of a concrete brain area (basal ganglia) in bilinguals: the bigger the distance, the
bigger the differences between L1 and L2.

In this study, we compared language performance in Catalan and Spanish in 8 bilingual Parkinson’s
disease patients. We used an adaptation of the Bilingual Aphasia Test (BAT) of Michel Paradis, which
includes the following: a detailed bilingual history questionnaire which contains all variables present in
the models (age of acquisition, exposure to L2, language use, proficiency) among relevant others, such
as switching tendencies (also analysed in language performance, are significant for the implication of
the basal ganglia); language tasks that examines all language levels (morphology, phonology, syntax
and lexicosemantics) in L1 and L2; and translation tests. Furthermore, the Bilingual Aphasia Test has
been adapted for more than 70 languages, which facilitates testing structural language distance in
multiple language combinations.

To date, our preliminary results show no significant differences between L1 and L2 performance in
Catalan-Spanish speakers, which challenges the models’ hypotheses. The lack of significant
differences in L1 and L2 among the multiple language levels could be due to small language distance.
Further research is needed to compare linguistic performance in language pairs with different structural
language distances, also considering the influence of the traditional variables on bilingualism.

Will structural language distance become a significant variable to consider when modeling language
and cognition?



Acknowledgments
We would like to acknowledge the participants, as well as the undergraduate students and medical
team that contributed to the study.

References

Abutalebi, Jubin & David Green. 2007. Bilingual language production: The neurocognition of language
representation and control. Journal of Neurolinguistics 20(3). 242-275.

Cattaneo, Gabriele, Marco Calabria, Paula Marne, Alexandre Gironell, Jubin Abutalebi & Albert
Costa. 2015. The role of executive control in bilingual language production: A study with
Parkinson’s disease individuals. Neuropsychologia. Pergamon 66. 99—-110.

Cattaneo, Gabriele, Albert Costa, Alexandre Gironell & Marco Calabria. 2019. On the specificity of
bilingual language control: A study with Parkinson’s disease patients. Bilingualism: Language
and Cognition 23. 570-578.

Johari, Karim, Farzad Ashrafi, Alireza Zali, Hassan Ashayeri, Franco Fabbro & Sergio Zanini. 2013.
Grammatical deficits in bilingual Azari — Farsi patients with Parkinson’s disease. Journal of
Neurolinguistics. Pergamon 26(1). 22-30.

Lee, Binna & Diana van Lancker Sidtis. 2020. Subcortical Involvement in Formulaic Language:
Studies on Bilingual Individuals With Parkinson’s Disease. Journal of Speech, Language, and
Hearing Research. American Speech-Language-Hearing Association 63. 4029-4045.

Paradis, Michel. 1994. Neurolinguistic aspects of implicit and explicit memory: implications for
bilingualism. In NC Ellis (ed.), Implicit and explicit learning of Second Languages, 393—-419.
London: Academic Press. (23 September, 2022).

Paradis, Michel. 2009. Declarative and Procedural Determinants of Second Languages (Studies in
Bilingualism). (Ed.) Kees de Bot & Dalila Ayoun. Vol. 40. Amsterdam: John Benjamins
Publishing Company.

Paradis, Michel & Gary Libben. 1987. The Assessment of Bilingual Aphasia. The Assessment of
Bilingual Aphasia. 1st edn. New York: Psychology Press.

Perani, Daniela & Jubin Abutalebi. 2005. The neural basis of first and second language processing.
Current Opinion in Neurobiology. Elsevier Ltd.

Uliman, Michael T. 2001. A neurocognitive perspective on language: The declarative/procedural
model. Nature Reviews Neuroscience. Nature Publishing Group 2. 717-726.

Uliman, Michael T. 2001. The neural basis of lexicon and grammar in first and second language: the
declarative/procedural model. Bilingualism: Language and Cognition. Cambridge University
Press 4(1). 105-122.

Uliman, Michael T, Suzanne Corkin, Marie Coppola, Gregory Hickok, John H Growdon, Walter J
Koroshetz & Steven Pinker. 1997. A Neural Dissociation within Language: Evidence that the
Mental Dictionary Is Part of Declarative Memory, and that Grammatical Rules Are Processed by
the Procedural System.

Zanini, S., A. Tavano, L. Vorano, F. Schiavo, G. L. Gigli, S. M. Aglioti & F. Fabbro. 2004. Greater
syntactic impairments in native language in bilingual Parkinsonian patients. Journal of
neurology, neurosurgery, and psychiatry. J Neurol Neurosurg Psychiatry 75(12). 1678—1681.

Zanini, Sergio, Alessandro Tavano & Franco Fabbro. 2010. Spontaneous language production in

bilingual Parkinson’s disease patients: Evidence of greater phonological, morphological and
syntactic impairments in native language. Brain and Language. Academic Press 113(2). 84—89.



