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A dynamic neural field model of asymmetric interference effects in code-switching

Alessandra Pintado-Urbanc*

Abstract.

During instances of code-switching, bilingual speakers rapidly transition between
languages. Following a transition from one language to the other, a code-switched
word can exhibit phonetic differences from the same word produced in a single-
language context. Observation of such ‘interference’ effects (Grosjean 2012) depends
on language dominance. Interference effects are reported when a speaker switches
from their non-dominant language into their dominant language, as shown, for ex-
ample, in measurements of voice onset time (VOT) from Spanish-English bilinguals
(Olson 2013). We propose a neurocognitive model of such effects using Dynamic
Field Theory (DFT). Interference arises from the interaction of separate language
inputs into a single VOT planning field. Following principles from the inverse fre-
quency effect (Ferreira 2003), the amplitudes of the two language inputs are modu-
lated by the frequency of language use, deriving the asymmetry. A key assumption
underlying this result is that bilinguals’ speech representations interact in a shared
phonetic space.
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1. Introduction. Unlike a monolingual speaker, a bilingual speaker must be able to store the
mental representations of two distinct language systems as well as have the ability to selectively
activate either language depending on their communicative goals. When in a monolingual con-
text, the competing language must be inhibited in order to successfully speak in the intended tar-
get language (Green 1998; Grosjean 2001; Olson 2024). Under this view, the language systems
appear to be independent of each other and can be activated as determined by the goals and inten-
tions of the speaker.

However, there are instances in which language systems can interact. Code-switching is
one such instance. Code-switching refers to the ability of a bilingual speaker to quickly transi-
tion from one language to another during fluid speech (Myers-Scotton 1993). An example of
code-switching is presented in (1). Here, the sentence begins in English, transitions to Spanish
(bolded), and then transitions back to English.

(1) Hey, vamos al park today?
‘Hey, should we go to the park today?’

Evidence from code-switching shows that when the languages are both activated, they can
influence each other, as reflected in phonetic measurements. Following a transition from one lan-
guage to the other, a code-switched word can exhibit phonetic differences from the same word
produced in a monolingual context. While it is argued that the two phonetic systems are distinct
(Olson 2024), they can still interact with each other and yield such ‘interference’ effects (Gros-
jean 2012).

* Thank you to the members of the Yale Dynamics Group for their insightful feedback and discussion. Any errors are
my own. Alessandra Pintado-Urbanc, Yale University (alessandra.pintado-urbanc @yale.edu)

© 2025 Author(s). Published by the LSA with permission of the author(s) under a CC BY license.


mailto:alessandra.pintado-urbanc@yale.edu
scott
Stamp


One way of accounting for such phonetic interaction is by assuming the existence of a com-
mon representational space for both language systems (Flege 1995). In this context, Dynamic
Field Theory (DFT) (Schoner & Spencer 2016) provides a useful theoretical framework to repre-
sent the dynamic interaction between two independent languages systems in a common space.
DFT uses dynamical systems to model neural activation and is particularly valuable as it can
bridge the discrete and continuous representations of language. For example, phonemes, mor-
phemes, and words are considered to be discrete units while articulator positions, voice onset
times (VOT), and vowel formant values are continuous measurements. Discrete language cate-
gories may emerge through the modulation of continuous variables. For the case of a bilingual
speaker, competing and discrete language inputs can interact in a single neural field causing gra-
dient modulation of continuous variables. Crucially, these phonetic interference effects occur
when both language inputs are sufficiently activated.

This paper presents a neurocognitive model using Dynamic Field Theory that accounts for
asymmetric phonetic interference effects during code-switching. The paper is structured as fol-
lows: §2 will explore key concepts essential for understanding bilingualism and code-switching,
§3 will review empirical data on phonetic interference in Spanish-English bilinguals (Olson
2013) and §4 will present the neurocognitive model and simulations that capture this phenomenon
through the implementation of a single, shared space.

2. The Interaction of Multiple Language Systems. Previous work has shown that the language
systems of a bilingual speaker can influence each other across varying time scales (e.g., short
term versus long term) as well as in different forms (e.g., unidirectional versus bidirectional).
Moreover, the language environments and experiences of speakers can also influence the way

in which the language systems interact. The following sections will explore these factors and
highlight their importance for the implementation of a DFT model that accounts for bilingual
phonetic interference.

2.1. LANGUAGE TRANSFER VERSUS INTERFERENCE. The interaction between language sys-
tems can be characterized by its impact on either the long-term or working memory representa-
tions (Grosjean 2012). Transfer is a process of language influence which occurs on a longer time
scale and subsequently affects the long-term memory representations. On the other hand, infer-
ference occurs on a short-term timescale and affects the working-memory representations. Both
transfer and interference can be considered to be dynamic processes of change. However, a pro-
cess of transfer unfolds over a longer time scale whereas interference describes a process where
one language can influence another in real-time given a particular speech context.

These different forms of language interaction have both been supported by empirical data.
When studying Spanish-Catalan bilingual speakers, Simonet (2011) provides evidence for a
vowel merging effect of the Catalan vowels /o/ and /o/ for Spanish dominant bilinguals. Here,
the dominant language of Spanish has influenced the vowel representations and has dissolved
the Catalan vowel contrast causing the vowel merger. This occurs because the vowel contrast be-
tween /o/ and /5/ does not exist in the phonological inventory of Spanish. Thus, this vowel merg-
ing effect reflects a permanent change in the long-term vowel representation of these bilingual
speakers and is an example of transfer.

However, Simonet (2014) presents a case of language interference with the same two vowel
representations for Spanish-Catalan bilingual speakers. During instances where the language sys-
tems are both active, as in code-switching, Catalan dominant speakers, who otherwise maintain



the contrast, produce the /5/ more similarly to the Spanish /o/. This phonetic difference, however,
does not impact the long-term memory representations as the Catalan speakers do not lose the
vowel contrast between /o/ and /9/.

Language transfer and interference describe ways in which language systems can be affected
in either the long-term or short-term memory representations. However, language interaction can
also differ in direction of interaction, regardless of whether it is a case of transfer or interference.

2.2. UNIDIRECTIONAL VERSUS BIDIRECTIONAL INTERACTION. Bilingual speakers are tradi-
tionally characterized as having a L1 (first language) and a later acquired L2 (second language).
Crucially, previous empirical studies have revealed different patterns in the interaction between a
speaker’s L1 and L2 phonetic systems.

For example, the speaker’s L1 can influence the productions of a later learned L2. Studies
reported instances where the L2 productions appear to be more similar to the L1 during instances
of code-switching (Antoniou et al. 2011; Balukas & Koops 2015; Bullock & Toribio 2009; Pic-
cinini & Arvaniti 2015). Further, this influence is clear when observing the accented speech pat-
terns of individuals who learn their L2 later in life (Flege 1995). There are also studies showing
the opposite interaction: influence of the L2 on the L1 (Olson 2013). Moreover, there are reports
of bidirectional influence where both language systems influence each other (Olson 2016; Tsui
et al. 2019). Finally, there is also evidence that shows no interaction with neither the L1 nor the
L2 influencing the resulting productions (Grosjean & Miller 1994; Lopez 2012).

Given the variation of results from these studies, it is challenging to commit to one theory re-
garding the interaction between the .1 and L2 phonetic systems. One potential difference across
these studies is the source of data. While some studies acquired the data through spontaneous and
naturalistic productions (i.e., a naturalistic task, corpus data, etc.) (Balukas & Koops 2015; Pic-
cinini & Arvaniti 2015), others have participants complete single word language switching tasks
(Olson 2013), produce full code-switched sentences (Olson 2016; Bullock & Toribio 2009; Gros-
jean & Miller 1994), or perform a language switching task with nonce words (Antoniou et al.
2011). Thus, to some extent, the variation in results can be explained by the variation of tasks
used. Another way to understand the disparity across these studies is by examining the role of
language dominance profiles and language contexts. These two factors may be able to predict
occurrences of language influence.

2.3. LANGUAGE MODES AND LANGUAGE DOMINANCE. Language modes refers to the degree
to which a bilingual uses either language given particular intentions and social contexts (Grosjean
& Miller 1994; Grosjean 1989). Rather than a categorical distinction of a speaker either being
in a monolingual or bilingual communicative situation, language modes are conceived of as a
scalar continuum from fully monolingual to bilingual speech. This language mode continuum can
also be considered as modulations of the level of activation of either language given the context.
Phonetic interactions would be more expected during language modes where both languages are
activated, such as in code-switching, as opposed to instances of purely monolingual speech.
Language dominance can also impact the ways in which the phonetic systems interact. Bilin-
gual speakers will typically have a ‘dominant’ and ‘non-dominant’ language. The dominant lan-
guage is usually acquired first and used more frequently in school, work and other social settings.
Moreover, speakers are typically less competent in their non-dominant language. While bilin-
gual speakers can be proficient in both languages, a dominant language may have more regular
linguistic input and increased competence.



The empirical data used to ground the neurocognitive model includes different language
modes and language dominance profiles. We argue that, in particular, differences in language
dominance and subsequently frequency of language use can predict how two language systems
will interact.

3. Empirical Data: Olson (2013). The data used to ground the neurocognitive model stems
from results in Olson (2013) that report phonetic interference effects in a language switching
task. The experiment involved a ‘cued picture-naming paradigm’ in which Spanish-English bilin-
gual participants produced the labels of pictures in different languages given previously learned
color-to-language cues (e.g., the label of a picture with a blue background was produced in En-
glish while the label of one with a red background was produced in Spanish). Across experimen-
tal trials, the dependent variable of interest was voice onset time (VOT) for the voiceless velar
stop /k/. Voice onset time refers to the time between the release of a consonant and the onset of
voicing.

The experiment also aimed to investigate the influence of language modes on phonetic in-
terference. To do so, they created two conditions: a monolingual condition (where 95% of the
trials were in one language with 5% produced in the other) and a bilingual condition (where 50%
of the trials were produced in either language). Each participant completed all three conditions:
Monolingual English (95% of trials in English), Monolingual Spanish (95% of trials in Span-
ish) and Bilingual (50% of the trials in English and 50% in Spanish). For the purposes of the cur-
rent paper, what is of interest are the monolingual trials. In order to examine the role of language
dominance on phonetic interference there were two Spanish-English bilingual speaker groups: an
English dominant group (with Spanish as their non-dominant language) and a Spanish dominant
group (with English as their non-dominant language).

3.1. SPANISH AND ENGLISH VOICE ONSET TIME DIFFERENCES. While both English and
Spanish have voiced and voiceless stop consonants in their phonological systems, the phonetic
characteristics of these stops differ cross-linguistically. For example, whereas voiceless stops,
like /p/, /t/, and /k/, in English have long voice onset time (VOT) values (Lisker & Abramson
1964), in Spanish, these same phonemes have shorter positive VOT values (Abramson & Lisker
1973). These phonetic differences in VOT values between an English and Spanish voiceless con-
sonant is also known as the ‘long-lag’ and ‘short-lag’ distinction. This difference follows for
voiced stops like /b/, /d/, and /g/. English voiced stops have a ‘short-lag” VOT, whereas Span-
ish voiced stops are pre-voiced with voicing beginning before the stop closure (‘lead’ voicing).
Figure 1 presents a schematic of the difference between Spanish and English VOT distributions.

While the encoding of this cross-linguistic distinction is clear for monolingual speakers, a
bilingual speaker must represent the distributions of voiced and voiceless consonants for both
languages. Storing these representations in a unified system allows for the possibility of phonetic
interaction when both languages are co-activated.

3.2. ASYMMETRIC INTERFERENCE RESULTS. Olson (2013) recorded VOT values for two dif-
ferent trial types: (1) ‘stay’ trials in which the production language does not differ from that of
the previous trial and (2) ‘switch’ trials in which the language of the current trial differs from

the one used in the previous trial. They found that in the monolingual condition, there was evi-
dence of language interference for ‘switch’ trials but only when switching from a speaker’s non-
dominant language to their dominant language. That is, when switching back into their dominant
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Figure 1. English and Spanish Voice Onset Time (adapted from Llama et al. (2010))

language, participants exhibited language interference effects from the previous non-dominant
language trial. However, they did not exhibit this interference effect when switching from their
dominant language to their non-dominant language. This asymmetric interference effect in the di-
rection of the non-dominant language is present for both the English dominant and Spanish domi-
nant speaker groups as shown in Tables 1 and 2 respectively. The data shows that there is a differ-
ence in VOT values between ‘stay’ and ‘switch’ trials for productions in a participant’s dominant
language (i.e., English for the English dominant group and Spanish for Spanish dominant group)

but no difference between ‘stay’ and ‘switch’ VOT values for productions in the non-dominant

language.
Trial Type Previous Trial Current Trial \ M (msec) SD (msec) Significance
English Stay English English 79.43 20.7 +1
English Switch Spanish English 72.56 20.1
Spanish Stay Spanish Spanish 37.88 17.1 s
Spanish Switch English Spanish 37.46 15.5

I Marginal significance (p = 0.08).

Table 1. VOT Values of /k/ for English Dominant Speakers by Trial Type (Olson 2013)

Trial Type Previous Trial Current Trial \ M (msec) SD (msec) Significance
Spanish Stay Spanish Spanish 31.22 18.1 sk
Spanish Switch English Spanish 39.05 16.3
English Stay English English 73.47 21.6 ns
English Switch Spanish English 68.69 243

Table 2. VOT Values of /k/ for Spanish Dominant Speakers by Trial Type (Olson 2013)

As shown in Table 1, the resulting mean English VOT value for the ‘switch’ trials is shorter
and is more ‘Spanish-like’. However, there is no interference effect in the opposite direction:
for an English dominant speaker, the mean Spanish VOT value does not differ between ‘stay’
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and ‘switch’ trials. Once again, the same asymmetric effect is observed for Spanish dominant
speakers as shown in Table 2. Here, during ‘switch’ trials, the mean Spanish VOT measurement
is more ‘English-like’ as it is longer than during ‘stay’ trials.

4. Modeling Asymmetric Interference Effects in Dynamic Field Theory. Whereas Dynamic
Field Theory (DFT) has been used to model human motor control, memory representations, and
developmental processes (Schoner & Spencer 2016), it has also recently been used in the field
of linguistics to develop a unified account of the discrete and continuous representations of lan-
guage. Recent studies have used this framework to examine phonetic trace effects during speech
errors (Stern et al. 2022), contrastive hyper-articulation in speech planning (Stern & Shaw 2023),
as well as effects of prosody in the representation of lexical items (Tang & Shaw 2021). For a
more comprehensive overview of DFT, see Stern (2025) in these proceedings.

4.1. DYNAMIC FIELD THEORY. Under this framework, the activation of a population of neu-
rons evolve over time in a Dynamic Neural Field (DNF) (Amari 1977). By varying field and in-
put parameters, peaks in the DNF may stabilize at different rates and in different locations of a
continuous feature field. The continuous feature of the current model is voice onset time (VOT).
The activation over time in the VOT field is defined according to (1). In this equation, there are
two INpUts S gy grisn (X,t) and Sgpqnish(X,t) representing the two languages (English and Spanish)
stored in a bilingual’s mind.

Tu(x,t) = —u(m,t)—l—h—l—sEnglish(x,t)+sspamsh(x,t)—|—/k(x—x')g(u(m’,t))dm’+q§(x,t) (1)

This equation relates the rate of change of the activation of a population of neurons, u(x,t),
to u, the current activation. The rate of change is defined over x, the position within the contin-
uous feature space (in this case VOT values) and over ¢, which represents time. In the model,
the field size was set to 120 neurons to represent a field which spans from 0 to 120 ms of VOT
values. T represents a time constant which controls how fast the field evolves. Importantly, ‘h +
S English(X,t) + Sspanisn(X,) + [ k(x-x")g(u(x’,t))dx’ + q€ (x,t)’ represents the attractor within the
dynamical system where # is the resting level (in this model, set to -5). Moreover, the model has
two inputs, one English language VOT input as sgy,gsn(X,t) and one Spanish language VOT input
as Sspanish(X,t). These two language inputs have their own Gaussian distributions with their own
parameters. Each input is defined by an amplitude a, a position in the field p, and a width of the
Gaussian distribution w. The equation for the two language inputs is presented in (2).
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‘k(x-x’)’ represents the interaction kernel of the model. Once neurons pass an activation
threshold, they affect the activation of other neurons in the field through this interaction kernel.
The equation for this component of the model is in (3). Within this interaction kernel, there are
both excitatory and inhibitory variables. Whereas c.,. and c;,,;, vary the local excitatory and in-
hibitory components respectively, ¢y, refers to global inhibition across the entire field. Finally,
Oeze and o;,, control the width of the excitatory and inhibitory distributions within the interaction
kernel.

s(x,t) = aexp [— (2)
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The g(u) component of equation (1) represents the sigmodially gated activation threshold
which is represented by the function in (4). The last component of the equation, g&(x,t), repre-
sents random noise that is introduced into the system by a parameter g. This simulates real-world

variation in the neural activity.
1

9 =17 exp(—/u)

The specific variable parameters used in the model discussed in this paper are provided in
Table 3 below. These parameters allow for ‘selection’ within the system to ensure that the peak
stabilizes at only one area within the VOT field rather than in multiple areas. This accounts for
the fact that the language production system can only produce one VOT value at a time. The
model was built in COSIVINA, a MATLAB software (Schneegans 2021).

“4)

Parameter Value

T 20
h -5
16 4
Cezec 21
Cinh 0
Cylob 0.9
Ue:pc 5
Oinh 12.5
q 1

Table 3. Parameters for Dynamic Neural Field Model

4.2. ACCOUNTING FOR THE ASYMMETRY. One way to account for the asymmetric phonetic
interference effect reported in Olson (2013) is by considering how the frequency of usage of ei-
ther language can impact the occurrence of interference in code-switching. Recall, the partici-
pants in this experiment were not balanced bilinguals but rather were characterized as having a
dominant language and a non-dominant language counterpart.

One way to consider the relative activation of both languages during a language switching
task is by drawing on core principles from syntactic priming effects. The Inverse Frequency Ef-
fect (IFE) describes a phenomenon whereby less frequent syntactic structures have greater prim-
ing effects relative to more frequent structures (Jaeger & Snider 2007; Ferreira 2003). We pro-
pose that this can be extended to speech production in a language switching task. Here, there is
an inverse relationship between the frequency of use of a language and the priming effect for the
next production. That is to say, a less frequently used language (e.g., a non-dominant language)
will have a greater priming effect for subsequent trials relative to a more frequent language. In
this model, priming refers to the residual activation of the competitor language. Thus, for very
frequent items (i.e., trials in a participant’s dominant language), subsequent trials will have low
residual priming and thus a smaller activation value of the competitor language. On the other
hand, a trial in a participant’s non-dominant language will be less frequent and thus will have
greater priming and more residual activation during subsequent trials.



4.3. MODEL INPUT PARAMETERS. Following the data reported in Olson (2013), the mean
VOT values of the English dominant and Spanish dominant participants were used as p values
for the respective language inputs. For example, the reported mean VOT value for English ‘stay’
trials for an English dominant speaker was 79.43 ms. Thus, this was the value at which the Gaus-
sian distribution of the English input was centered on the VOT field. For that same speaker group,
during Spanish ‘stay’ trials, the reported mean VOT value was 37.88 ms. This was subsequently
used as the p value for their Spanish VOT input. It should be noted that there are differences be-
tween the p values for the same language input for an English dominant versus Spanish dominant
speaker. This is expected as, overall, an English dominant speaker will have longer VOT values
while a Spanish dominant speaker will generally have shorter VOT values.

The w parameter, representing the width of the Gaussian distribution for both English and
Spanish dominant speakers, was set to 21 ms. This value roughly represents the standard devia-
tion of the mean VOT values. Table 4 presents the p and w values for the two language inputs for
each participant group.

Input Parameter English Dominant Spanish Dominant
Sdominant p 7943 7347
w 21 21
Snon—dominant P 37.88 31.22
w 21 21

Table 4. Input Position (p) and Width (w) Values for English and Spanish Inputs

In order to model the asymmetric phonetic interference effect in a bilingual language switch-
ing task, the amplitudes of the language inputs were modulated given different trial types. The
amplitude values a for each trial type are presented in Table 5.

Trial Type Dominant Input Value Non-Dominant Input Value
Dominant Stay ominant o dominany 6 1
Non-Dominant Stay ondominant to non-dominant 1 6
Dominant SWitCh (non-dominant to dominant) 4 3
Non-Dominant Switch (ominant o non-dominant) 1 5

Table 5. Input Amplitude (a) Values

Previous work has claimed that even during monolingual contexts, bilingual speakers “mini-
mally activate” the competing language (Marian et al. 2007; Marian & Spivey 2003). Thus, even
for ‘stay’ trials, when a speaker does not switch into another language, the competitor language is
still minimally activated with an input value of 1. However, the target language is fully activated
to pass threshold with an input of 6. This is shown in Table 5 for the ‘dominant stay’ and ‘non-
dominant stay’ trials where the target language has a value of 6 with the competitor language
having a value of 1.

Crucially, to derive the asymmetry, the input values for the ‘switch’ trials differ based on
whether the speaker was switching into their non-dominant or dominant language. When switch-
ing from their dominant language into their non-dominant language (as in a ‘non-dominant switch’
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trial), there is little residual priming from the frequent dominant language. This follows from
the discussion in §4.2 and principles from the inverse frequency effect. Thus, the dominant in-
put value is set to 1 while the non-dominant input value is set to 5. The reason for a reduced
activation value of ‘5’ follows from the Inhibitory Control Model (Green 1986, 1998) which
claims that during language switching, the competitor language must be inhibited. During rapid
language switching, there may be residual inhibition for subsequent trials. So, during a ‘non-
dominant switch’ trial, there was inhibition of the non-dominant language in the previous domi-
nant language production. Then, when switching into the non-dominant language, there is resid-
ual inhibition (in the form of decreased activation) causing the input value to be set to 5.

Describing the amplitude values of the language input in terms of a relationship between
residual activation and residual inhibition allows us to explain the values for the ‘dominant switch’
trials where a speaker switches from their non-dominant language into their dominant language.
Here, there is residual activation from the non-dominant language (leading to an input value of
3) as well as residual inhibition from the previous inhibited dominant language (during the non-
dominant trial). Crucially, we assume that there is greater inhibition (in the form of less overall
activation) given the differences in dominance profiles: the dominant language would be inhib-
ited more during non-dominant productions.

4.4. MODEL SIMULATIONS. Following the model parameters described above, the ‘stay’ and
‘switch’ trials can be simulated in a DFT framework. Figure 2 presents the model simulations
for English dominant speakers for the English ‘stay’ and ‘switch’ trials. As shown in Figure 2a,
during the ‘stay’ trials, when the speaker produces two successive trials in English, there is no in-
terference effect from Spanish. This is clear as the peak stabilizes at 79 ms at the 30th timestep.
However, in ‘switch’ trials as shown in Figure 2b, due to the increased Spanish input activation,
the peak in the field now stabilizes at 72 ms at the 79th timestep. The resulting VOT value is now
more ‘Spanish-like’ as it was influenced by the activation of the competing non-dominant lan-

guage.

Single Simulation of Field Evolution for 'English Stay' Trial Single Simulation of Field Evolution for 'English Switch' Trial
Spanish Input English Input Spanish Input English Input
10 (38 ms) (79 ms) 10 (38 ms) [ 1"'5)

Activation
Activation

-20
100

-20
100

80 80
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Timestep

60
Timestep
40 40

20 20

0 120 0 100 120
40 60 80 100 40 60 80

0 20 Vot 0 20 vot

(a) English Stay Trial (b) English Switch Trial
Figure 2. Simulations of English Trials for English Dominant Speakers
However, as shown in Figures 3a and 3b, for the same English dominant speaker group,
there is no interference effect for the Spanish ‘stay’ or ‘switch’ trials. This is clear as the peak

stabilizes at around 38 ms for both trial types. That is to say, for a ‘switch’ trial, when a speaker
switches from their dominant language into their non-dominant language, there is no influence
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from the competing dominant English input. This shows the asymmetric behavior of the interfer-
ence effect.

Single Simulation of Field Evolution for 'Spanish Stay' Trial Single Simulation of Field Evolution for 'Spanish Switch' Trial
Spanish Input English Input Spanish Input English Input

10 @8 lms) (] lms) 10 (38 ms) (79 lms)
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- 60 60
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(a) Spanish Stay Trial (b) Spanish Switch Trial

Figure 3. Simulations of Spanish Trials for English Dominant Speakers

Crucially, given that this phenomenon was not language specific, the model also accurately
captures this effect for the Spanish dominant speaker group. As shown in Figure 4, there is no
effect of the competing non-dominant English input in Spanish ‘stay’ trials but there is an effect
in ‘switch’ trials. In this simulation, the peak now stabilizes at 39ms (Figure 4b) instead of 31ms
(Figure 4a). Further, as shown in Figures 5a and 5b there is no interference effect for the English
‘stay’ and ‘switch’ trials, once again highlighting the asymmetry.

Single Simulation of Field Evolution for 'Spanish Stay' Trial Single Simulation of Field Evolution for 'Spanish Switch' Trial
Spanish Input English Input Spanish Input English Input

10 (31 ms) (73 1rm:) 10 (31 ms) (73 lms}

Activation
Activation

-20
100

-20
100

80 80

60 60
Timeste i
P 0 Timestep 2

20 20

80 100 120 0 0 2 %0 80 100 120

60
voT

40 60
0 2 vor

(a) Spanish Stay Trial (b) Spanish Switch Trial

Figure 4. Simulations Simulations of Spanish Trials for Spanish Dominant Speakers

Furthermore, for both participant groups, in ‘dominant switch’ trials, the timestep at which
the peak stabilizes occurs later as compared to ‘dominant stay’ trials. While Olson (2013) did not
report reaction time values during this task, previous studies have shown a lexical ‘switch-cost’
in the form of reaction time when switching from the non-dominant language into the dominant
language (Costa & Santesteban 2004; Meuter & Allport 1999). This increase in timestep at which
the peak stabilizes correctly models a ‘switch-cost” when switching from the non-dominant lan-
guage into the dominant language. Thus, not only are there phonetic differences when switching
from the non-dominant language into the dominant language but there may also be increased cog-
nitive processing demands.
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Single Simulation of Field Evolution for 'English Stay' Trial Single Simulation of Field Evolution for 'English Switch' Trial
Spanish Input English Input Spanish Input English Input
10 (31 ms) (73 ms) 10 (31 lms) (73 ms)
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(a) English Stay Trial (b) English Switch Trial

Figure 5. Simulations of English Trials for Spanish Dominant Speakers

4.4.1. EXAMINING THE EFFECT OF INCREASED COGNITIVE LOAD. This model can also be
applied to examine how speech productions vary across different cognitive situations. For ex-
ample, we can investigate how different levels of cognitive load can influence the reported pho-
netic interference effects. For instance, Piccinini & Arvaniti (2015) found that in a spontaneous
Spanish-English code-switching task, VOT values were shorter for code-switched English words
as compared to monolingual productions. However, when increasing the cognitive load for partic-
ipants (adding a puzzle completion task during code-switching), they found that the VOT values
were longer. That is, English VOT values were longer during code-switching with increased cog-
nitive load but still shorter than during monolingual productions. This shows that these phonetic
interference effects are diminished during cognitive situations with increased cognitive demands.

One way to model an increase in cognitive load is by increasing the level of noise within
a VOT planning field. In particular, we investigated the role of noise across trials where partic-
ipants switch from their non-dominant language into their dominant language. Following the
methodology from Stern et al. (2022) the noise value (g) was varied from 1 to 15 in steps of 0.5.
For each value, 500 simulations of field evolutions were run for ‘dominant switch’ trials. We
measured the output VOT value for a single neuron with the highest activation in the field. Figure
6 shows the effect of noise on output VOT values for both English and Spanish dominant speaker
groups. As shown in the figures, phonetic interference effects persist even with high levels of
noise. The peak still stabilizes at intermediate values between the target and competing language
inputs. However, the variance of the VOT outputs increases as noise increases.

Thus, given the simulation results, the model does not capture the effect of cognitive load as
reported by Piccinini & Arvaniti (2015). Based on these findings, we would have expected that
increasing noise would lead to differing VOT values — higher for English Dominant and lower for
Spanish dominant — thus diminishing the phonetic interference effect. Crucially, while Figure 6
shows no effect on VOT value, it does show an increase in variance as noise level increases. This
discrepancy may be partly attributed to the difference in number of tokens analyzed in Piccinini
& Arvaniti (2015) as compared to the model’s simulations (50 versus 500, respectively). A larger
sample size may preserve the phonetic interference effect while increasing variance. Alterna-
tively, it is possible that noise alone is not an adequate parameter to model cognitive load. Future
research should evaluate whether other methods (e.g., changing input widths, input amplitudes,
etc.) would be more suitable to capture this effect.

11



I 1 I 1 I L 1 I I 1 I L 1 I 1
1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15
Noise Level

(a) English Dominant

Spanish Input (38 ms)

Noise Level

(b) Spanish Dominant

Figure 6. Effects of VOT Values by Noise Level for ‘Dominant Switch’ Trial (q)

S. Discussion and Future Directions. By modulating language input amplitudes given different
trial types and dominance profiles, this neurocognitive model is able to simulate the phonetic in-
terference effect as reported by Olson (2013). Moreover, the model also makes novel predictions.

While Olson (2013) did not aim to measure reaction time, others have reported a ‘switch-
cost” when a speaker switches into their dominant language. The model predicts this ‘switch-
cost’ as observed by the later time-steps at which the peak stabilizes. Further, the model also pre-
dicts there to be no interference effects for speakers of languages whose VOT distributions do
not overlap. Recall that given the input positions p and widths w, the language input distributions
overlap in the Dynamic Neural Field. This overlap allows for the interaction of the language in-
puts when sufficiently activated and subsequently accounts for the phonetic interference effects.
However, we would not expect such interaction when inputs do not overlap (see Kramer & Shaw
(2025) for an example of non-overlapping inputs in South Swedish). Thus, we would expect no
phonetic interference during code-switching for a bilingual speaker that speaks two languages
with non-overlapping VOT distributions. For example, such a case would be a bilingual speaker
of Lebanese Arabic (a language with a very short VOT values for voiceless segments) and Thai (a
language with very long VOT values for voiceless segments) (Cho et al. 2019).

The present model can also be extended to account for instances in which participants are ex-
posed to equal levels of language input. For example, in the bilingual condition of Olson (2013),
participants were exposed to trials of both languages equally. In these conditions, no asymmetric
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interference effects were found. Furthermore, other studies have shown that balanced bilinguals
exhibit symmetrical interference effects (Tsui et al. 2019). The model could account for both re-
ported effects by modulating the input amplitude values given frequency of language exposure
and use. Further, if these effects are based on frequency of language usage, we may expect differ-
ences in reported VOT values over the course of the experiment with VOT values for ‘dominant
switch’ trials being closer to the dominant language at the beginning of the experiment as op-
posed to the end.

It should also be noted that there are also ways in which the current architecture of the model
could be expanded upon. In its current form, language systems are represented as the amplitude
of inputs into the Dynamic Neural Field. However, the specific dynamics governing these in-
put amplitudes are not specified. One extension could involved adding ‘phoneme’ or ‘language’
nodes that are coupled to this VOT planning field. When a speaker intends on producing a lexi-
cal item in a particular language, these nodes are activated and send input into the VOT planning
field. Different choices regarding the structure of this architecture could yield different predic-
tions. Future work should aim to develop models that more fully represent speech planning and
production processes.

6. Conclusion. As shown by the model simulations, by using a Dynamic Field Theory frame-
work, we are able to capture the asymmetric phonetic interference effects observed during the
language switching of bilingual speakers. Crucially, a key assumption underlying this model is
that bilinguals’ speech representations interact in a shared phonetic space.
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