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Abstract
This study examines the effects of task complexity on second language (L2) pronunciation
accuracy and global pronunciation measures in pronunciation-unfocused tasks and assesses
the relationship between acoustic and listener-based pronunciation measures. Eighty-two
Catalan/Spanish learners of English performed simple and complex versions of a problem-
solving monologic speaking task, for which the oral stops /p, t, k/ and vowel contrasts /iː/-/ɪ/
and /æ/-/ᴧ/ were embedded in the lexical items used to perform the task. Pronunciation
accuracy was gauged through acoustic measurements of laryngeal timing (voice onset time),
vowel contrastiveness and nativelikeness (Mahalanobis distances), and native speakers’
ratings of comprehensibility and accentedness. Results revealed detrimental effects of
increased task complexity on the productions of oral stops and speech comprehensibility
and accentedness; however, no consistent task complexity effects were found on vowel
accuracy. The analysis also revealed an association between segmental accuracy and global
dimensions of L2 speech.
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Introduction
Previous research investigating second language (L2) learners’ oral production within
task-based language teaching (TBLT) has provided empirical support for the tenets of
Robinson’s (2001a, 2011) cognition hypothesis, namely that increasing cognitive task
demands along resource-directing variables (e.g., causal reasoning) enhances learners’
attention to linguistic form and may therefore result in more complex language
production and increased lexical and grammatical accuracy, often at the expense of
speaking fluency (e.g., Gilabert, Barón & Llanes, 2007; Ishikawa, 2008). Such complex-
ity manipulations are presumed to have a positive impact on L2 learners’ linguistic
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performance. An alternative hypothesis, namely Skehan’s limited attentional capacity
model (LACM) (2009, 2015), suggests that the complexity and accuracy dimensions of
oral production might compete for learners’ limited attentional resources, andmay not
both be attended to, resulting in complexity–accuracy trade-offs (e.g., Michel, Révész,
Shi & Li, 2019; Sample & Michel, 2015). However, none of these hypotheses have been
sufficiently investigated in relation to L2 pronunciation. Pronunciation is, in fact,
underrepresented in TBLT research (Gurzynski-Weiss, Long & Solon, 2017), which
has primarily focused on the conceptualization and formulation stages of speech
production, neglecting the phonological and phonetic aspects of pronunciation, which
can be influenced by task complexity.

Positive effects of increased task complexity have been found for speech compre-
hensibility but not for accentedness (e.g., Crowther, Trofimovich, Saito & Isaacs, 2018;
Gordon, 2021), and for L2 pronunciation accuracy for a subset of L2 vowels (Mora-
Plaza, 2023; Solon, Long & Gurzynski-Weiss, 2017). However, strong empirical evi-
dence of the benefits of manipulating task complexity for enhancing attention to
phonetic form is still lacking, whereas it is well-attested for lexical (Gilabert et al.,
2009), grammatical (Révész, 2009) and pragmatic (Márquez & Barón, 2021) form.
According to Kormos’ (1999, 2000) attention and monitoring model of speech proces-
sing, conceptualizing the message during online tasks may necessitate particular
attention, leaving few attentional resources for lexical, semantic, and phonological
encoding. In the case of L2 communicative tasks, learners may be forced to focus on
lexical and grammatical aspects during speech production, making it difficult for them
to pay attention to pronunciation due to the limited attentional resources available to
them during self-monitoring (Kormos, 1999). In fact, lexical and grammatical self-
repairs have been found to outnumber phonological repairs in purely meaning-
oriented tasks (Kormos, 2000). The fact that most repairs are lexical in meaning-
oriented tasks is because they carrymost of the relevant information in themessage and
making errors may result in serious misunderstandings.

The present study aims to extend this line of research by investigating task com-
plexity effects on L2 pronunciation accuracy in pronunciation-unfocused tasks. Pro-
nunciation is an important component of language competence affecting listeners’
comprehensibility (i.e., ease of understanding) and facilitating effective communica-
tion. In addition, investigating task effects on L2 pronunciation accuracy will provide
insights into the role of speaking tasks and task design in fostering learners’ pronun-
ciation skills. Oral productions elicited from first language (L1)–Spanish advanced
learners of English performing simple and complex versions of a problem-solving
monologic speaking task were analyzed acoustically to obtain voice onset time (VOT)
measures of laryngeal timing accuracy for L2 voiceless oral stops (/p/, /t/, /k/), and
contrastiveness and nativelikeness for difficult L2 vowels (/iː/, /ɪ/, /æ/, /ᴧ/). In addition,
native English native listeners’ (NL) judgments of comprehensibility and accentedness
were obtained as global measures of L2 pronunciation accuracy.

TBLT: task design and manipulation
TBLT is an analytic approach to language acquisition in which learners are presented
with holistic samples of language, which they are expected to analyze and infer the
underlying rules by themselves. In such a process, directing learners’ attention toward
accuracy while maintaining the communicative value of tasks is central to language
development (Long, 2015). The use of a wide variety of pedagogical procedures to draw
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learners’ attention to linguistic form (see Sudharshana, 2021, for a review) would
enhance learners’ ability to refine and restructure their interlanguage.

In TBLT, tasks are conceived as real-world communicative activities requiring
learners’ use of language (Van den Branden, 2006), hence, a meaning-driven work
plan that learners have to accomplish by relying on their own linguistic and non-
linguistic resources (Ellis, 2009). Tasks can be categorized as unfocused, aiming to offer
learners opportunities for general communicative language use, or focused, intending
to provide opportunities for communication using specific linguistic features (Ellis,
2009). Focused tasks have often been found to effectively direct learners’ attention to
the use of the target linguistic features under focus. Manipulations of task design
variables include task types (e.g., narrative/instruction-giving/decision-making; Gila-
bert et al., 2009) interlocutor proficiency (e.g., low/high; Kim & McDonough, 2008),
task mode (e.g., online/face-to-face; Baralt, Gurzynski-Weiss & Kim, 2016) and task
complexity (e.g., simple/complex; Révész, 2009). Empirical research has found that
such task manipulations can influence the linguistic complexity, accuracy, and/or
fluency (CAF) of learners’ oral performance and the development of L2 linguistic
accuracy. In particular, TBLT is considered an effective methodology for developing
lexico-grammatical (Baralt et al., 2016) and pragmatic linguistic targets (Márquez &
Barón, 2021). Nevertheless, very little attention has been paid to how unfocused
communicative tasks might affect L2 pronunciation and to what extent task design
and manipulation (i.e., task complexity) can effectively direct learners’ attention to
linguistic targets beyond grammar, lexis, and pragmatics (Gurzynski-Weiss et al.,
2017), such as pronunciation.

Task complexity and CAF in oral performance
With the aim of grading and sequencing tasks in a principled way in a task-based
syllabus, L2 researchers proposed a set of criteria for evaluating the complexity of a task
supported by theoretical frameworks, and conducted empirical studies to investigate
whether task complexity on L2 production was predicted by those theories. First,
Skehan’s (2009, 2015) LACM, founded on theories of working memory and speech
production, conceptualizes attention as a single volume that runs out of resources
(Kahneman, 1973). Provided that human attentional resources are limited, Skehan
believes that attention can only be allocated to certain aspects of performance to the
detriment of others. Therefore, when task demands increase, learners first allocate
attentional resources to the content of the task (i.e., fluency), and what remains is
assigned to linguistic form (i.e., complexity and accuracy). If the content demands are
extremely high, complexity and accuracy may compete for attention, and one may
cause a negative impact on the other (e.g., Michel et al., 2019; Sample & Michel, 2015).
Skehan’s (2009, 2015) model is in accordance with Kormos’ (1999, 2000) conceptual-
ization of the role of attention in self-monitoring, in that both suggest that L2
production stages (i.e., conceptualization, formulation) may face a competition for
cognitive resources, generating a potential trade-off between complexity and accuracy
measures of L2 oral performance. Additionally, Kormos postulated that attentional
limitations could limit the number and type of errors (e.g., lexis, grammatical, phonetic)
noticed by the speaker and available for self-monitoring. Skehan suggested three factors
contributing to the difficulty of the task, namely, code complexity, cognitive complexity
and communicative stress, and other learner factors. Nevertheless, his model was
unable to explain the phenomenon of dual-task performance and divided attention
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nor was concerned with how tasks should be sequenced to promote L2 learning outside
the foreign language classroom (Robinson, 2011).

An alternative strand of TBLT research attempting tomanipulate learners’ attention
is the work within the cognition hypothesis (Robinson, 2011), grounded on
information-processing theories, interactionist research, and psychological models
such asWickens’ (1989) model of dual-task performance. Robinson’s (2011) cognition
hypothesis claims that learners can simultaneously access multiple and noncompeti-
tional resource pools, and predicts that the increase of cognitive demands of a task is
likely to direct attentional and memory resources to linguistic features and therefore
lead to greater L2 grammatical and lexical accuracy and complexity, as long as learners
draw from different pools of attentional resources. In order to identify specific task
factors that should be manipulated to make tasks more or less cognitively demanding,
the triadic componential framework (Robinson, 2001a; Robinson & Gilabert, 2007)
distinguishes resource-directing from resource-dispersing dimensions. The former
refers to those in which the demands on language use can be met by manipulating
themanner in which the information is presented (e.g., ± few elements, ± reasoning). In
contrast, the latter refers to those that mirror the processing conditions under which
real-time language is often used (e.g., ± planning time, ± prior knowledge). Increasing
task complexity along resource-directing dimensions may potentially direct cognitive
resources to linguistic form, thus, leading to a greater accuracy and complexity in oral
production, often at the expense of fluency (Gilabert, 2007; Ishikawa, 2008; Robinson,
2001b). In contrast, increasing task complexity along resource-dispersing dimensions
could pose greater demands on attention and working memory, thus, depleting
attention from the language code, which could be detrimental to L2 production.

Finally, increased task complexity often results in significantly higher ratings of task
difficulty, mental effort, and anxiety while keeping task interest and motivation
unaffected (Robinson, 2001b). Research has shown that task complexity manipulation
may affect CAF measures differentially in speaking tasks. For example, Jackson and
Suethanapornkul’s (2013) systematic review found nonsignificant task complexity
effects for syntactic complexity (d = �0.02), small positive effects for accuracy (d =
0.28); and a negligible but positive effect for lexical complexity (d= 0.03), suggesting that
increased task complexity led to larger lexical variety/diversity/density, at the expense
of speaking fluency (d = -0.16), consistent with the cognition hypothesis. However, the
relation between task complexity and L2 pronunciation remains largely unexplored.
TBLT research has previously assessed L2 pronunciation as part of speaking fluency or
lexical accuracy (Kim & McDonough, 2008) or in terms of pronunciation errors
(Kuiken & Vedder, 2011), but few studies have investigated it in relation to global
dimensions of pronunciation (Gordon, 2021) or through acoustic analyses (Mora-
Plaza, 2023; Solon et al., 2017). However, to our current knowledge, no studies to date
have investigated to what extent the predictions of the cognition hypothesis hold for L2
pronunciation in pronunciation-unfocused tasks.

Task complexity and L2 pronunciation
One of the current discussions within the realm of L2 pronunciation instruction is
whether task-based methodologies can promote attention to L1–L2 phonological
differences and create opportunities for learners to acquire L2 sound contrasts and
phonological features, and update the phonological form of their lexical representa-
tions. Reactive form-focused instructional techniques (e.g., negative feedback) and task
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design and manipulation (e.g., modality, repetition, complexity) have been found to
lead to more accurate L2 pronunciation during communicative task performance
(Gurzynski-Weiss et al., 2017). For example, Solon et al.’s (2017) study revealed that
L2 Spanish learners produced one out of five Spanish vowel monophthongs (/e/) with a
more target-like quality (as assessed through acoustic analyses of formant frequencies)
in the complex than the simple version of the task.

On the one hand, recent evidence suggests that, when tasks are designed to promote
a focus-on-phonetic form (i.e., pronunciation-focused), task complexity positively
impacts L2 pronunciation accuracy and subsequently leads to gains in L2 phonological
development (e.g., Mora-Plaza, 2023). In the same vein, Mora-Plaza et al. (2018) and
Mora-Plaza (2023) reported gains in the production of difficult English vowel contrasts
for L1 Catalan learners, as measured through Euclidean and Mahalanobis distances,
respectively, between L2 confusable vowels. Lastly, Gordon (2021) found beginner-
level English as a foreign language (EFL) learners assigned to a complex-decision-
making task condition intervention to outperform those assigned to a simple-decision-
making task condition in comprehensibility (but not in accentedness) after treatment.
Together, these studies provide evidence of the potential of task complexity to draw
learners’ attention to phonological form and improve pronunciation through a com-
municative form-focused intervention.

On the other hand, in pronunciation-unfocused tasks, it remains uncertain
whether increasing task demands might have detrimental effects on L2 pronuncia-
tion. For example, Kuiken and Vedder (2011) investigated the influence of task
complexity along ± reasoning demands on L2 performance as a function of mode
(i.e., written/oral) and L2 proficiency (i.e., high/low). Although this study was not
intentionally designed to assess the impact of task complexity on L2 segmental and
suprasegmental speech features in the oral version of the task, descriptively, increased
task complexity was found to increase lexical and grammatical accuracy but to
decrease pronunciation accuracy, especially in the case of low proficiency L2 learners.
These findings point to the possibility of a potential trade-off between lexico-
grammatical and pronunciation, wheremore attentional resourcesmight be allocated
to the control of lexical and grammatical form than phonetic form (Derwing, Munro
& Wiebe, 1998), in line with Skehan’s (2009, 2015) hypothesis. With a comparable
cohort to the present study, Mora, Mora-Plaza & Bermejo Miranda’s (2024) study
revealed that learners produced significantly fewer lexico-grammatical errors in the
complex version of a monologic oral task than the simple version (Gilabert, 2007;
Robinson, 2001b), but the opposite pattern was found for pronunciation, with
pronunciation errors being more frequent (though not to a significant extent) in
the complex than the simple task. Increased attention to lexical and grammatical
aspects during task performance may thus make it difficult for learners to allocate
attentional resources to pronunciation. For instance, Crowther et al. (2018) assessed
the extent to which comprehensibility and accentedness ratings were related to
segmental and suprasegmental aspects of L2 speech in three tasks differing in
cognitive complexity. One of the findings was that learners’ speech was rated as
significantly more strongly accented (but not less comprehensible) in the complex
than the simple task, although the effect sizes were relatively small. These findings
would lend support to Kormos’ (1999, 2000) attention and monitoring model of
speech processing postulating that the demands of the task might determine the
number of attentional resources available during self-monitoring. Consequently,
learners might need to pay more attention to lexical and grammatical aspects of
speech to successfully convey the message than to segmental or suprasegmental
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aspects. Kormos (1999, 2000) claimed that grammatical and lexical slips of the tongue
(i.e., a measure of lexico-grammatical accuracy) are more likely to be detected at a
different time than phonological errors while accounting for interindividual variation
in L2 proficiency.

Current study
To date, L2 acquisition andTBLT research has emphasized the well-established relation
between task complexity and speech production and development. While most
research studying the effects of increasing task demands has focused on learners’
grammatical, lexical, and pragmatic performance and development, much less atten-
tion has been given to L2 pronunciation and prosody. Therefore, it is necessary to
understand whether L2 pronunciation can be attended to when the demands of a task
place great strain on learners’ production processes, and learners need to invoke all
linguistic resources available.

The primary aim of the current study was to test the predictions of the cognition
hypothesis (Robinson, 2001a, 2011) on L2 pronunciation by manipulating task com-
plexity (simple vs. complex) in a pronunciation-unfocused task. The choice of the
cognition hypothesis and triadic componential framework (Robinson, 2001a, 2011) as
the theoretical model for the conceptualization of this study was motivated by (1) the
model’s comprehensive account of the dimensions of task complexity that may
influence L2 performance (i.e., the role of reasoning demands as a resource-directing
variable, and planning time and prior knowledge as a resource-dispersing variable);
(2) the model’s predictions of task complexity regarding L2 oral development (as in
Révész, 2009); and (3) the comparability with previous pronunciation-focused (e.g.,
Gordon, 2021; Mora-Plaza, 2023) and pronunciation-unfocused (e.g., Kuiken & Ved-
der, 2011) studies which methodologically manipulated task complexity along Robin-
son’s triadic componential framework and theoretically explained their findings in light
of the cognition hypothesis.

First, we assessed learners’ L2 segmental accuracy (VOT in oral stops and degree of
contrastiveness and nativelikeness in vowels) in a simple and complex version of a
problem-solving task. Then we obtained NL’ ratings of comprehensibility and accent-
edness on learners’ speech sample excerpts from both task versions. Finally, in order to
establish whether task effects were consistent across acoustic and global measures of
pronunciation accuracy, and whether acoustically more accurate productions of oral
stops (VOT) and vowels (Mahalanobis distances) predicted NL’ ratings of compre-
hensibility and accentedness, we assessed the relationship between acoustic and global
measures in the simple and complex tasks. Accordingly, we formulated the following
research questions and hypotheses:

RQ1:How does task complexity affect learners’ production of voice onset time (VOT)
in word-initial stressed voiceless plosives (/p, t, k/)?

RQ2: Does task complexity have an effect on learners’ vowel production (/iː/-/ɪ/, /æ/-/
ʌ/)?

RQ3: How does task complexity affect learners’ ratings of comprehensibility and
accentedness?

RQ4: To what extent are acoustic and global measures of learners’ pronunciation
related in the simple and the complex task?
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In line with Kuiken and Vedder (2011) and Mora et al.’s (2024) studies, complex-
ifying the task along resource-directing dimensions (± reasoning) in pronunciation-
unfocused tasks is predicted to draw learners’ attention away from phonological form,
negatively affecting pronunciation accuracy (RQ1 and RQ2). This would lend support
to Kormos (2000) and Skehan’s (2009, 2015) predictions on potential trade-offs
between areas of L2 oral performance, and would contradict Robinson’s (2011)
cognition hypothesis. In line with the findings by Crowther et al. (2018), accentedness
but not comprehensibility ratings (RQ3) may be affected by task complexity. Acoustic
and global measures are hypothesized to be associated (RQ4) in both simple and
complex tasks (Crowther et al., 2018); especially foreign accent scores are expected
to be moderately related to VOT productions (Riney & Takagi, 1999) and vowel
accuracy (Munro, 1993).

Method
Participants

Eighty-two undergraduate advanced EFL learners (see Table 1 for demographics)
participated in the study for course credit (female = 70, male = 12). They were
Catalan-Spanish bilinguals who had learned English as an L2 mainly through formal
instruction at school since the age of five. In this bilingual context, learners varied in
Catalan–Spanish dominance (12 Catalan-dominant, 23 Spanish-dominant, 42 bal-
anced bilinguals), but this was not expected to affect their L2 pronunciation perfor-
mance significantly because Spanish and Catalan speakers do not differ in their use of
short-lag stops and share the vowel categories /i/ and /a/, the only high-front and low-
central vowels in their vocalic system. Participants were randomly assigned to two
groups differing in task order: simple (S)>complex (C) (N = 45) or C>S (N = 37).

Thirteen NL (six males, seven females,mean age = 32.9, SD = 7.7) were recruited to
evaluate the L2 learners’ speech samples for comprehensibility and accentedness. They
were experienced EFL teachers speaking either British (46%) or American (53%)
English varieties. They reported being very familiar with Spanish/Catalan-accented

Table 1. Participants’ demographics.

Measure M SD

95% CI

Lower Upper

Age at testing (years) 20.23 2.94 19.59 20.88
Age of onset of L2 learning (years) 5.13 1.78 5.74 5.53
Spoken L2 inputa 4.42 0.59 4.29 4.55
Spoken L2 outputa 3.46 0.96 3.25 3.68
Written L2 inputa 3.38 1.05 3.15 3.62
Written L2 outputa 3.43 1.02 3.20 3.65
Self-estimated overall proficiencyb 7.12 0.97 6.90 7.33
Self-estimated pronunciation proficiencyc 6.43 1.46 6.11 6.75
Vocabulary size (0–10,000 words)d 6741 1232 6468 7013
L2 proficiency (score 0–120)e 96.60 13.40 93.68 99.53

a1 = never, 2 = yearly, 3 = monthly, 4 = weekly, 5 = daily.
bReading, listening, speaking, writing: 9-point Likert scale from 1 = very poor to 9 = native-like.
cPronunciation only: 9-point Likert scale from 1 = very poor to 9 = native-like.
dMeasured by a Yes/No vocabulary size test (Meara & Miralpeix, 2015).
eMeasured by an elicited imitation task (Wu, Tio & Ortega, 2021).
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English on a 9-point Likert scale (1 = “not familiar at all”; 9 = “very familiar”;M = 8.5,
SD = 0.9).

An additional group of eight native speakers (NS) of Southern British English (three
males, five females) were recruited to perform the same speaking tasks as learners to
obtain baseline speech data. They were all EFL teachers (mean age = 41.1, SD = 12.0),
who had had a predominantly monolingual upbringing and had lived in Spain for
16.3 years (SD = 12.6).

L2 oral narrative: the dinner table task

Learners performed a simple and a complex monologic version of the dinner table task
(Ur, 1981) in a recording booth on different days. In this task, learners had to decide on
and justify the seating arrangement of several characters at different tables. To eliminate
the potential confound of task sequence and complexity, half of the participants
performed the tasks in a S>C order and half in the C>S order. Both the simple and
the complex versions of the task involved four stages: 1) a listening pretask, 2) a
speaking task part 1, 3) a speaking task part 2, and 4) a posttask questionnaire.

The pretask consisted of a listening activity, in which participants were given an
answer sheet containing a list of target words that defined each one of the characters
(Appendix A). They were asked to read the words out loud and ask for the meaning of
any they did not understand. Then, they heard a recorded description of the dinner
party and were asked to match each character with the words that related to them.
Based on Willis’ (1996) task-based learning framework, the purpose of this priming
stage was to familiarize learners with the task procedure, to introduce the characters’
personality traits, professions, and hobbies, and to provide learners with the necessary
linguistic resources (i.e., semantic and phonetic formof words) to be able to successfully
complete the main communicative task. In this way, we attempted to reduce cognitive
demands at the level of resource-dispersing variables (Robinson, 2011).

In the first part of the speaking task, participants were given a picture of tables with
six characters sitting at them (two characters at three tables in the simple version, three
characters at two tables in the complex version), and they were asked to carefully
consider the seating arrangement and justify why it would not work based on the
attendees’ personality traits, professions, and hobbies (Appendix B). They were
given 1.5 minutes of planning time and were encouraged to provide as many reasons
as they could think of by exploiting all personality features while considering an
appropriate seating arrangement to ensure a comprehensible and thoughtful response.
The same procedures were applied to the second part of the task, except that the tables
were empty and participants were given six cards (one for each character) and were
asked to decide on a new seating arrangement that would lead to a pleasant party. The
task was closed and guided as it was key for assessment purposes that participants
produced specific items containing the target vowels and consonants. However,
participants were completely unaware that the task was designed to analyze their
pronunciation and their attention was not drawn to the target phonetic forms at any
time, hence, it was a purely pronunciation-unfocused task. The dinner table task,
including its instructions and printable materials, is deposited in the open science
repository, SLA Speech Tools (Mora-Plaza, Saito, Suzukida, Dewaele & Tierney, 2022:
http://sla-speech-tools.com/).

Finally, a task-performance questionnaire was administered immediately after
learners had completed the task (Appendix C). They were asked to rate how well they
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had performed in the task, how difficult they had perceived the task to be, how much
mental effort they had put into it, and how anxious they had felt during task perfor-
mance on a 9-point scale (1 = very poorly, not difficult, nomental effort, not anxious; 9 =
very well, extremely difficult, extreme mental effort, very anxious).

Target Words

The target words comprised names (e.g., Tilly Killey, John Butler) and adjectives (e.g.,
impulsive, deceitful) describing the characters’ personality, beliefs, occupation, and
interests, and were identical in the simple and complex versions of the task, except
for some characters’ names and surnames, which contained the same target vowels, but
had to be different to identify different characters and their pictures. Both versions
contained 27 words with the target consonants (10 /p/, 9 /t/, 8 /k/) and 36 words with
the target vowels (/iː/, /ɪ/, /æ/, and /ʌ/; 9 each) (Appendix D). Obtaining a minimal
number of productions of the target sounds from the L2 learners was a prerequisite for
obtaining reliable acoustic measures.

VOT was chosen as an index of segmental pronunciation accuracy for consonants
because it has been found to be sensitive to experience-related factors in L2 speech
production for Catalan/Spanish learners of English (Gorba & Cebrian, 2021), and to
linguistic environment (Olson, 2020) and local contextual effects in code-switching
tasks (Olson, 2013). While English has long-lag voiceless stops (40–80 ms; e.g.,
Docherty, 1990), they are short lag in Spanish (7–20 milliseconds; e.g., Castañeda,
1986). Due to a lack of awareness of cross-language differences between L1 and L2
voiceless plosives (Flege, 1995) and reliance on different phonetic cues (e.g., presence or
absence of closure voicing;Mora, Rochdi &Kivistö-de Souza, 2014), Spanish learners of
English tend to produce English stops with “intermediate” VOT values falling short of
English VOT.

The target vowels (/iː/, /ɪ/, /æ/, /ʌ/) form high and low phonologically contrastive
vowel pairs in English (/iː/-/ɪ/ and /æ/-/ʌ/, respectively) that are difficult to distinguish
qualitatively in perception and production for L1–Catalan/Spanish learners of English.
This is because the vowels in each pair are perceptually mapped onto a single native
vowel category that is acoustically located between the English vowels (Spanish /i/ for
the high vowel contrast and Spanish /a/ for the low vowel contrast). Cross-language
perceptual assimilation tasks (Cebrian, 2019) show that English /iː/ and /ɪ/ are iden-
tified as Spanish /i/, whereas English /æ/ and /ʌ/ are identified as Spanish /a/ (Rallo
Fabra & Romero, 2012). In addition, Spanish learners of English produce very small
spectral distances in the production of these L2 vowel contrasts (Darcy, Mora, &
Daidone, 2016), failing to distinguish contrastive vowels effectively in production.
Although the high vowels are less consistently identified as Spanish /i/ than the low
vowels are as Spanish /a/, both are confusable vowel contrasts posing great difficulty in
perception and production at the phonetic (prelexical) and lexical levels for advanced
Spanish learners of English (Mora & Mora-Plaza, 2019). Although Spanish learners of
English have been shown to rely on temporal cues (i.e., duration) in the perception and
production of /æ/-/ᴧ/ and /iː/-/ɪ/ (Cebrian, 2006; Mora & Fullana, 2007; Rallo-Fabra &
Romero, 2012), we opted for focusing on spectral rather than temporal cues, as recent
research has shown that duration ratios for /iː/-/ɪ/ in production are not larger than
those of NS (Cebrian, Gorba & Gavaldà, 2021), and because temporal cues are likely to
be more readily affected by speakers’ individual differences in speaking style (e.g.,
speech rate) and durational variability associated with the position of the target words
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in the utterance and their prosodic prominence. Therefore, potential task complexity
effects on vowel production accuracy were examined only with respect to the spectral
aspects of the target vowel contrasts.

Manipulation of task complexity

Task complexity was manipulated along ± reasoning demands (Robinson, 2011) by
varying the number of characters seated at each table (two vs. three), and the combi-
nation of personality traits (coherent vs. incoherent). The complex task was therefore
more demanding than its simple counterpart because sitting three people at the same
table with incoherent traits requires more cognitively demanding decisions. Therefore,
the two versions of the task were identical in terms of several elements and target lexical
items but differed in the characters’ names and the distribution of table and personality
characteristics. Manipulation of task complexity in the present study differs from
previous studies in that participants were given the target words they had to use both
in the simple and complex versions of the task.

The outcome of the task-performance questionnaires revealed that overall learners
perceived to have performed worse, feelingmore anxious and employingmore effort in
the complex than the simple task. Learners perceived the complex task to be signifi-
cantly more difficult (M = 5.11, SD = 1.82) than the simple task (M = 4.63, SD = 1.88;
F[81] = 4.19, p = .044) and to require significantly more mental effort (M = 5.93,
SD = 1.76) than the simple task (M = 5.41, SD = 1.73; F[81] = 9.40, p = .003), which is in
line with Robinson’s hypothesis and empirical findings (Robinson, 2001b).

Procedures

Participants first filled in an online background questionnaire. In the lab, they per-
formed an elicited imitation task (Wu et al., 2021), a Yes/No vocabulary size test (Meara
& Miralpeix, 2015), and the L2 oral production task, immediately followed by the
posttask questionnaire. The simple and complex versions of the speaking task were
performed in two different days and counterbalanced in order tomitigate potential task
interference and carryover effects, and minimize fatigue effects on participants, ensur-
ing each version received undivided attention and engagement. Learners’ oral pro-
ductions were recorded in a soundproof booth on Marantz PMD661 solid-state digital
recorders with an external Shure SM58 voice microphone at a sampling frequency of
44.1 KHz.

Data analyses and speech production measures

The speaking task generated approximately 5 minutes of speech per task and partic-
ipant. The average length of oral narratives was similar in both versions of the task
for learners (Simple:M [sec] = 309, SD = 104,M [min] = 5.16; Complex:M [sec] = 308,
SD = 108, M [min] = 5.13) and NS (Simple: M [sec] = 320, SD = 102, M [min] = 5.33;
Complex: M [sec] = 334, SD = 132, M [min] = 5.56).

Recorded amplitude-by-time waveforms were automatically segmented into speech
or pause (> 250 milliseconds) intervals using the Annotate to TextGrid (silences)
command in Praat (Boersma & Weenik, 2015), manually adjusted for segmentation
inaccuracies, and orthographically transcribed. Filled and silent pauses, analysis of
speech (AS) units, speech dysfluencies (repetitions), and lexical, grammatical, and
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pronunciation errors were manually annotated (Appendix E). The transcribed text and
the corresponding audio files were submitted to the WebMAUS Basic automatic
segmentation system (Schiel, 1999) to obtain labeled word and sound intervals.1Words
containing the target oral stops and vowels were identified for acoustic measurement.

The VOT in the prevocalic voiceless oral stops (/p/, /t/, /k/) of word-initial stressed
syllables in the target words was annotated manually in Praat and measured in
milliseconds from the onset of the release burst of the stop consonant to the first
positive peak of periodic energy of the following vowel. To exclude potential measure-
ment errors, VOT durations outside 2.5 SD from each subject’s mean were screened
(1.4%).

Vowel quality was measured by extracting frequency measurements (F1, F2) from a
10ms window bymanually placing the cursor at the midpoint of the steady-state portion
of the target stressed vowels. Frequency values were then converted to Bark (B), a
psychoacoustic scale measure that changes frequency differences in vowel quality in
terms of their impact on human perception and helps minimize interspeaker variability
in vocal tract size. Bark-converted frequencies were then used to estimate the degree of
vowel height (B1) and frontness (B2) and to determine distributions of vowel tokens for
the English vowel categories /iː/, /ɪ/, /æ/ and /ᴧ/ on a two-dimensional B1–B2 space.
Changes in vowel production accuracy resulting from task complexity were estimated
through Mahalanobis distances between learners’ vowel productions and the corre-
sponding vowel spaces of the control NS. Mahalanobis distances compute the distance
in standard deviations between a point and the centroid of the distribution and take into
consideration not only the centroid location but also the spread and orientation of the
reference distribution, thus reflecting token variability (Kartushina, Hervais-Adelman,
Frauenfelder & Golestani, 2015; Melnik-Leroy, Turnbull & Peperkamp, 2022). We
computed Mahalanobis distance scores (DS) between vowels for the high (/iː/-/ɪ/) and
the low (/æ/-/ᴧ/) vowel contrasts in the simple and the complex task as a measure of
contrastiveness (i.e., how distinct vowel quality was within the contrast), hence, a larger
distance meant less of an overlap between the two vowels. We also computed, for both
tasks, Mahalanobis distances between learners’ and NS’ productions of these vowels (/iː/,
/ɪ/, /æ/, /ᴧ/) as a measure of nativelikeness (i.e., how much learners’ vowel qualities
approximate those ofNS), hence, a smaller distancemeant amore target-like production.
Although increased contrastiveness between vowels is, by hypothesis, assumed to index
improved accuracy in production in phonetic training studies usingminimal-pair testing
stimuli (e.g.,Melnik-Leroy et al., 2022), the spontaneous nature of the oral taskwe used to
elicit L2 speech did not allow us to have control over the stimuli the learners produced.
Thus, a measure of nativelikeness separately computed for each target vowel was deemed
more appropriate than a measure of contrastiveness to gauge task complexity effects on
vowel production accuracy within subjects.

Measures of comprehensibility and accentedness were obtained from 13 NL who
rated 164 speech excerpts approximately 45-sec long (M = 46.2, SD = 2.6) from the
second part of the learners’ simple and complex versions of the speaking task on 9-point
scales (1 = very difficult to understand / not accented at all, 9 = very easy to understand /
very strongly accented). We extracted the excerpts from the second part of the partic-
ipants’ performance owing to heightened cognitive demands. In this part, they had to
propose a new seating arrangement that would guarantee a pleasant party after having

1The link to WebMAUS Basic website is https://clarin.phonetik.uni-muenchen.de/BASWebServices/
interface/WebMAUSBasic
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provided reasons why the given arrangement would not work. The speech samples had
been previously normalized for peak and mean amplitude and bandstop-filtered at
50Hz. Each rater judged each speech sample twice, first for comprehensibility and then
for accentedness. These dimensions and the rating procedure were explained to raters
in a training session. The rating task contained three practice trials from participants
not included in the study. The 164 speech samples from the 82 learners were distributed
randomly in four rating sessions taking place on different days. Within every session,
lasting approximately 1 hour, all the speech samples were fully randomized and
presented in blocks of 15 separated by short breaks in order to minimize the influence
of familiarity. Interrater reliability (Cronbach’s alpha intraclass correlation coefficients)
of the NL’ ratings was high for comprehensibility (α = .90) and accentedness (α = .94),
so single mean scores per speech sample were computed by averaging across all ratings
for each rated measure. No notable differences were detected between British and
American raters in their evaluations of the speech samples.

Statistical Analyses

Fixed-effects structures were defined for each one of the models. Fixed and random-
effects structures for all analyses in this study were selected based on the best fitting
model (i.e., comparing Akaike information criterion [AIC] estimators across models),
and random slopes were only included if they improved the model’s fit (i.e., AIC
decreased), provided that the model could converge. Finally, Bonferroni adjustments
were used for pairwise contrasts, and parameter estimates are reported in Appendix F.
The assumptions of collinearity, normal distribution of residuals, and homoscedasticity
were all met.

Results
Although wewere expecting, in light of previous research (Jackson& Suethanapornkul,
2013), the simple and the complex versions of the dinner table task to affect speech
production linguistically in terms of lexical and grammatical accuracy and complexity,
as well as in speaking fluency, we found the taskmanipulation effects to be very small in
magnitude (see Table 2 below). The results indicated large interlearner variability in all
the measures and very small effects (if at all observable) for lexical and grammatical

Table 2. Mean complexity (C), accuracy (A), and fluency (F) scores in the simple and complex tasks.

Measures

Simple Complex

M SD M SD

C AS Unit length (words) 13.2 3.5 13.5 2.6
C Guiraud’s index 7.0 0.8 6.9 0.8
A Lexico-grammatical errors (× 100 words) 2.0 1.3 2.1 1.3
F Speech rate (syllables × min) 136 23 132 24
F Mean syllable length (milliseconds) 311 35 319 64
F Internal (AS unit) pauses × min 26.7 13.2 27.2 8.9
F External (AS unit) pauses × min 13.3 8.4 12.3 3.6
F Internal mean pause duration (milliseconds) 597 90 601 114
F External mean pause duration (milliseconds) 691 207 764 271
F Repetitions and self-corrections (× 100 words) 1.6 1.02 1.6 0.87
F Mean length of run (syllables between pauses > 250 milliseconds) 5.9 1.7 5.9 1.6
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complexity and accuracy, as well as for measures of speed and repair fluency. For
breakdown fluency, the duration of pauses betweenAS units was substantially longer in
the complex than in the simple version of the task.

A series of mixed-effects models were run in SPSS 27 on all the complexity,
accuracy, and fluency measures, which included a random intercept for subject and
task sequence (S>C, C>S) as a fixed factor in addition to task (simple, complex) to
control for potential effects of learners performing the simple or the complex task
first. The analysis did not reveal any significant effects of task, except for the duration
of pauses at AS unit boundaries, which turned out to be significantly longer in the
complex than the simple task (F[1, 161] = 12.98, p < .001), probably indicating greater
conceptualization and formulation difficulties in the complex than the simple task.
The effect of task sequence did not reach significance in any of these analyses. Thus,
our task complexity manipulation affected breakdown fluency significantly, but not
other dimensions of oral production (i.e., complexity, accuracy). The need to elicit
specific forms for acoustic measurement, which forced us to constrain the task in
terms of lexical choice, probably limited the variability in learners’ use of lexical and
grammatical resources. However, as reported above, learners perceived the complex
task as significantly more demanding, requiring greater effort, and posing higher
levels of difficulty and anxiety compared to the simple task. Thus, we interpreted the
significant effects of task complexity in breakdown fluency and learners’ post-
performance self-reports to suggest that the two versions of the task could vary in
how much attention to phonetic form they allowed, which could potentially lead to
differences in pronunciation accuracy.

Task complexity and consonant production

Prior to assessing the effects of task complexity on learners’ VOT productions (RQ1),
we looked into the VOT differences between learners’ and English NS’ productions of /
p/, /t/, and /k/. Applying a square root transformation to VOT values, linear mixed-
effects models with speaker group (NS, learner), consonant (/p/,/t/,/k/) and their
interactions as predictors, and by-subject random intercepts, revealed significant main
effects of speaker group (F[10985] = 33.11, p < .001), consonant (F[10985] = 726.27,
p < .001) and a significant speaker group × consonant interaction (F[10985] = 55.52,
p < .001). As expected, these results showed that NS produced significantly more
aspirated consonants (M = 63.25 ms, SD = 21.61) than L2 learners (M = 42.21 ms,
SD = 19.46) did (i.e., 49.85% longer VOT) and that /p/ was the least aspirated
consonant, followed by /k/ and /t/. The VOT in the production of English /t/ tends
to bemore target-like in Spanish learners of English than /p/ and /k/ because learning to
produce a different L2-specific place of articulation (alveolar in English vs. dental in
Spanish) enhances overall articulatory accuracy in the degree of stricture and laryngeal
timing (e.g., Mora, 2008). The interaction arose because, although VOT differences
were present in all target consonants, NS produced greater VOT values for /k/ > /t/ > /p/
and learners for /t/ > /k/ > /p/ (Table 3).

The effects of task complexity on learners’VOT productions were assessed by fitting
the learners’ VOT to a linear mixed-effects model with a gamma regression function
with task (simple, complex), consonant (/p/, /t/, /k/) and their interactions as fixed
effects. Task sequence (S>C, C>S) was also included as a fixed effect to control for
potential task order. The random-effects structure included a random intercept for
subject (see Appendix F for parameter estimates). The model yielded main effects of
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task (F[9956] = 26.08, p < .001) because learners’ VOT productions were significantly
more aspirated (i.e., 3.46%more accurate) in the simple (M = 43.99ms, SD = 23.34, 95%
CI = 43.33–44.65) than the complex (M = 42.52ms, SD = 22.97, 95% CI = 41.89–43.15)
task, and a significant main effect of consonant (F[9956] = 2907.01, p < .001) and task
sequence (F[9956] = 7.02, p = .008). The task × consonant interaction did not reach
significance (F[9956] = .86, p = .423). Bonferroni-adjusted pairwise contrasts indicated
that the main effect of task was driven by the three target consonants: /k/ (t[9956] =
4.02, p < .001), /t/ (t[9956] = 2.57, p = .010) and /p/ (t[9956] = 2.29, p = .022) (Figure 1).
The main effects of task were not significant (F[1021] = 2.30, p = .129) when the same
model structure was applied to NS’ VOT productions.

Task complexity and vowel production

Task complexity effects on vowel distribution
Preliminary analyses of vowel quality unexpectedly revealed changes in NS’ vowel
quality in the same direction as those observed in learners, which we attributed to the
unbalanced distribution of the /æ/ and /ᴧ/ vowel tokens across words and the use of

Table 3. Voice onset time (in milliseconds) for NS’ and learners’ productions of oral stops in initial
stressed position.

NS Learners

M SD

95% CI

M SD

95% CI

Lower Upper Lower Upper

/p/ 49.77 20.56 47.42 52.13 25.39 16.13 24.81 25.97
/t/ 68.67 20.38 66.66 70.67 54.52 20.97 53.84 55.20
/k/ 71.32 23.89 68.75 73.90 46.73 21.28 46.00 47.46

Note: M: mean, SD: standard deviation, CI: confidence interval.

Figure 1. VOT (in milliseconds) as a function of speaker group, task, and consonant (error bars = 95% CI).
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different proper names in the simple and the complex task2. Therefore, we decided to
exclude all words corresponding to character names that were different in the simple
and the complex version of the task (/iː/: Keane, Keith; /ɪ/: Killey, Pickett; /æ/: Ann,
Kang, Sam, Tang; /ᴧ/: Butler, Cutler). Given the high frequency of these words, this
screening procedure resulted in considerable data loss, as a further group of 17 learners
had to be excluded for not meeting the criterion of having at least three tokens of each
one of the four target vowels. Consequently, the final vowel data set consisted of a total
of 5,426 vowel tokens for learners (N = 60) distributed relatively evenly by vowel
contrast (/iː/: 1494; /ɪ/: 1668; /æ/: 1160; /ᴧ/: 1134) and 814 vowel tokens for NS (N = 8)
(/iː/: 225; /ɪ/: 274; /æ/: 171; /ᴧ/: 144).

These vowel data (see Table 4) showed that learners produced a lower /iː/ (higher
B1) and a higher /ɪ/ (lower B1) than NS did both in the simple and complex task,
whereas the learners’ /æ/ and /ᴧ/ differed only minimally from NS’ /æ/ and /ᴧ/ in the
simple task, but in the complex task /ᴧ/ was less target-like (higher B1, i.e., lower more /
a/-like articulation). As regards fronting (B2), learners realized the lax vowels /ɪ/ and /ᴧ/
with higher B2 both in the simple and the complex task thanNS did, indicating amore /
iː/-like production of /ɪ/, and a more /æ/-like production of /ᴧ/. Such learner-NS
differences indicate less target-like vowel quality in the production of the English lax
vowels /ɪ/ and /ᴧ/ than in the production of the English tense vowels /iː/ and /æ/, which
is consistent with English /iː/ and /æ/ being a closer match to the corresponding high /i/
and low /a/ Spanish vowel categories in perception and production. This is reflected in
Figure 2, where the red ovals representing the distribution of learners’ /iː/ in the simple
(S) and complex (C) tasks overlap more largely with NS’ distribution of /iː/ tokens
(black dotted line) than the green ovals representing learners’ /ɪ/ tokens overlapwith the
distribution of NS’ /ɪ/ tokens. A similar picture can be observed for /æ/ and /ᴧ/. It is also
clear from Figure 2 that (a) NS’ productions of /iː/ and /ɪ/ and of /æ/ and /ᴧ/ result in
truly contrastive nonoverlapping distributions (black dotted lines), whereas for learners
the distributions of contrastive high and low vowels overlap considerably (colored
ovals), and (b) there is very little difference between learners’ vowel productions in the
simple (solid-colored lines) and the complex task (dashed colored lines). We next
present the analyses of Mahalanobis distances between contrastive vowels

2It was only for the low vowels /æ/ and /ᴧ/ that substantial differences in learners’ vowel quality could be
found between tasks. The articulation of /æ/ was fronter (higher B2) in the simple than the complex task,
whereas the articulation /ᴧ/ was less front, suggesting a less-target like production of /æ/ andmore target-like
production of /ᴧ/ in the complex than the simple task. However, the same task complexity effects were found
for NS, whose vowel qualities were not expected to change as a function of task complexity. This suggested
that the task complexity effects in both learners and NS affecting the low vowels /æ/ and /ᴧ/ could be an
artefact of the unbalanced distribution of the /æ/ and /ᴧ/ vowel tokens across words. Learners happened to
produce 10.2%more /æ/ tokens and 10.7%more /ᴧ/ tokens in the complex than the simple task, but crucially,
some of the most frequent target words corresponding to character names for /æ/ and /ᴧ/ in the simple task
(/æ/: Sam, Tang; /ᴧ/: Cutler) were different from some of the target words in the complex task (/æ/: Ann,
Kang; /ᴧ/: Butler) and unmatched for consonantal place of articulation. Close inspection of the B2 differences
between thewords in the simple and the complex task suggested that the observed task complexity differences
were mainly driven by the B2 differences between the different words in the simple (Sam: 11.38/11.50, Tang:
11.56/11.58, Cutler: 11.09/10.58) and the complex task (Ann: 11.67/11.71, Kang: 11.72/11.76, Butler:
10.65/10.16). As differences in articulation rate might have led to less peripheral vowel articulations
(Deterding, 1997), we assessed potential task complexity effects on mean syllable duration, which did not
reveal any significant differences for either learners (S = 311ms, C = 317ms; t(152) = -.771, p = .442) or NS
(S = 280ms, C = 288ms; t(30) = -.521, p = .610).
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(contrastiveness) for learners and NS, and between learners and NS (nativelikeness) for
each of the four target vowels.

The spontaneous nature of the speaking task generated large variability as regards
the number of vowel tokens each participant produced and their quality (as assessed
through first and second formant frequency measurements), which led to large
dispersion clouds both in learners and NS. Still, the distribution of NS’ vowel pro-
ductions showsmuch less overlap between /iː/ and /ɪ/ and between /æ/ and /ᴧ/, than the
distribution of learners’ vowel productions (Figure 2), indicating a larger degree of
contrastiveness in NS than in learners, as expected. In addition, as shown in Figure 3,
task complexity had very little effect overall on vowel quality and the distributions of
learners’ vowels do not seem to consistently present a larger overlap with NS’ distri-
butions for either the simple (S) or the complex (C) task, indicating little effect of task
complexity on the degree of nativelikeness of the target vowels.

Task complexity effects on vowel contrastiveness
For contrastiveness, the log-transformed Mahalanobis DS between the vowel spaces of
the vowel pairs /iː/-/ɪ/ and /æ/-/ᴧ/ were submitted to fixed-effectsmodels (separately for
learners andNS) with task, contrast, and their interaction as fixed factors, and a random
intercept for subject.We also included sequence (S>C, C>S) to control for potential task
order effects (see parameter estimates in Appendix F). Overall, as expected (see
Figure 4), the magnitude of the distinction learners made between contrastive vowels
(between 4–10 SD) was much smaller than the distinction NS made (20–25 SD). For
learners, tests of fixed effects revealed a main effect of contrast (F[1, 5430] = 380.7,
p < .001) and a significant task × contrast interaction (F[1, 5430] = 7.5, p = .006), but the
main effect of task did not reach significance (F[1, 5430] = 8.2, p = .121). This

Table 4. Descriptives of Bark-converted frequency measures by speaker group (learners, NS).

Simple (B1) Complex (B1)

N M SD Min. Max. N M SD Min. Max.

Learners /iː/ 749 3.56 0.61 1.92 5.73 745 3.61 0.65 1.63 5.98
NS /iː/ 117 3.32 0.66 1.85 5.24 108 3.33 0.56 1.83 4.43
Learners /ɪ/ 720 3.82 0.59 2.20 7.29 948 3.85 0.56 2.37 5.61
NS /ɪ/ 124 4.09 0.57 2.54 5.55 150 3.95 0.52 2.68 5.62
Learners /æ/ 575 7.04 0.88 3.43 9.44 585 7.15 0.89 4.17 9.99
NS /æ/ 94 7.18 1.25 3.71 10.91 77 7.36 1.18 5.22 10.55
Learners /ᴧ/ 565 6.15 1.37 1.89 10.12 569 6.06 1.35 1.81 9.29
NS /ᴧ/ 72 6.09 1.08 3.54 8.16 72 5.97 1.07 3.52 8.64

Simple (B2) Complex (B2)

Learners /iː/ 749 14.25 0.97 7.53 16.33 745 14.24 0.92 9.48 16.18
NS /iː/ 117 14.38 0.93 12.69 15.82 108 14.41 0.93 12.87 15.90
Learners /ɪ/ 720 13.89 0.87 11.11 15.83 948 13.84 0.81 11.00 15.88
NS /ɪ/ 124 13.38 0.86 11.57 15.34 150 13.24 0.87 11.84 15.17
Learners /æ/ 575 11.47 0.83 8.57 13.85 585 11.57 0.90 7.90 14.40
NS /æ/ 94 11.50 0.61 9.95 12.70 77 11.66 0.62 10.14 12.86
Learners /ᴧ/ 565 10.67 1.08 7.55 14.12 569 10.69 1.04 6.49 12.76
NS /ᴧ/ 72 10.27 0.84 8.42 12.04 72 10.35 0.88 7.41 12.61

Note: Data from 60 learners and 8 NS (17 learners were excluded because they had less than 3 realizations of the target
vowels) after screeningwords that were different in the simple and the complex task (Ann, Butler, Cutler, Kang, Keane, Keith,
Killey, Pickett, Sam, Tang).
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interaction arose because the log-transformed DS between the low vowels /æ/ and /ᴧ/
were significantly larger in the complex (8.83) than the simple task (7.17; t[5430] = 2.82,
p = .005), whereas the DS between the high vowels /iː/ and /ɪ/ did not differ significantly
across tasks (3.75 vs. 3.76; t[5430] = 2.82, p = .005). The main effect of contrast, caused
by log-transformed DS being much larger in low (7.87) than in high (3.76) vowels, was
mainly driven by theDS between /æ/ and /ᴧ/ in the complex task. It is uncertain why the
more complex task led to larger contrastiveness for the low vowels but not for the high
vowels as if the more complex task generated higher attention to phonetic form; we

Figure 2. Distributions of Bark-converted first (B1) and second (B2) formant frequency values of the target
vowels /iː/, /ɪ/, /æ/ and /ᴧ/ as produced by learners (colored shaded ovals) andNS (dotted black lines) in the
simple (S, solid lines) and complex (C, dashed lines) tasks. Ovals represent 32% confidence intervals.3

3Given the huge variability in the spontaneous speaking data we collected where speakers contributed with
different numbers of vowel tokens in different words and different sentence contexts and prosodic environ-
ments, we plotted the distribution of vowel clouds to a % confidence intervals (CI) that would show largely
non-overlapping clouds for NS (32% CI). This allowed us to visualize the amount of overlap between the
vowel categories for L2 learners (all of them showing large overlap) compared to the degree of overlap of the
vowel clouds of non-native speakers (largely non-overlapping).
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would expect the effect to be observable also in the high vowels. Running the same
mixed-effects model on the NS’ data can help us elucidate this, as we would not expect
the quality of their vowels and their degree of contrastiveness to change significantly as
a function of task complexity. Unexpectedly, for NS main effects of task (F[1, 783] =
4.33, p = .038) and contrast (F[1, 783] = 7.43, p = .007) were found to be significant,
whereas the task × contrast interaction did not reach significance (F[1, 783] = .005, p =
.994). However, unlike learners, for NS, DS was larger overall for the high (26.05) than
the low vowels (19.13). For NS, the main effect of contrast was driven by the joint
contribution of DS being larger in high than low vowels both in the simple (25.21 vs
22.34; t[783] = 2.02, p = .044) and the complex (27.16 vs. 18.08; t[783] = 1.84, p = .066)
tasks, whereas the main effect of task was driven by the joint contribution of DS being
larger in the complex than the simple task (though nonsignificantly) in high vowels
(27.15 vs 25.21; t[783] = 1.62, p = .106) and DS being larger in the simple than the
complex task (though nonsignificantly) in low vowels (22.34 vs. 18.08; t[783] = 1.38, p=
.169). The main effect of sequence did not reach significance for either learners (F

Figure 3. Distributions of Bark-converted first (B1) and second (B2) formant frequency values of the target
vowels /iː/, /ɪ/, /æ/ and /ᴧ/ as produced by learners (colored shaded ovals) andNS (dotted black lines) in the
simple (S, solid lines) and complex (C, dashed lines) tasks. Ovals represent 32% confidence intervals.
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[1, 5430] = .024, p = .876) or NS (F[1, 783] = .005, p = .994). As argued above, given the
unbalanced contribution of vowel tokens across participants, we deemed Mahalanobis
DS between contrastive vowel pairs to represent potential task complexity effects less
reliably than Mahalanobis DS between learners’ and NS’ realizations of vowels embed-
ded in the same set of target words even if, given the spontaneous nature of the speaking
task, different speakers contributed a different proportion of target words to the final
data set.

Task complexity effects on vowel nativelikeness
Mahalanobis DS between learners’ productions and NS’ vowel spaces (see Figure 5) do
not show consistent task complexity effects on how native-like the vowel productions
were. It was only for /æ/ that learners produced slightly larger DS with respect to NS,
indicating a less target-like realization of /æ/, in the complex than the simple task.
Mahalanobis DS (log-transformed) between learners’ vowel productions and the vowel
spaces of the native vowels /iː/, /ɪ/, /æ/, and /ᴧ/ were submitted to a fixed-effects model
with task, vowel, and their interaction, as well as task sequence as fixed factors and a
random intercept for subject. Tests of fixed effects revealed a main effect of vowel
(F[3, 5480] = 71.35, p< .001) because in both tasks /iː/ (S: 1.53, C: 1.54) was realized with
smallermedian DS (more accurately) than /ɪ/ (S: 2.70, C: 2.70), and /æ/ (S: 2.28, C: 2.66)
was realized in a more target-like manner than /ᴧ/ (S: 3.18, C: 3.22). However,
neither the effect of task (F[1, 5325] = .493, p = .483) nor the task × vowel interaction
(F[1, 5325] = 1.98, p = .102) nor the effect of sequence (F[1, 5480] = 1.61, p = .205) reached
significance. According to Bonferroni-adjusted pairwise contrast tests, the less accurate
realization of /æ/ we observed in the complex (DS: 2.66) than the simple task (DS: 2.28) did
not reach significance either (t[5480] = -1.84, SE = .032, p = .066) (see Appendix F).

Figure 4. Median Mahalanobis distances between contrastive vowel pairs as a function of task, speaker
group, and contrast (error bars = 95% CI).
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Task complexity and global pronunciation ratings
Task complexity effects on comprehensibility and accentedness were assessed through
linear mixed-effects models with task and task sequence as predictors of NL’ ratings,
and by-subject and by-rater random intercepts. As shown in Table 5, learners’ speech
was rated as less comprehensible (F[2129] = 3.72, p = .054), albeit nonsignificantly, and
significantly more accented (F[2129] = 5.16, p = .023) in the complex than the simple
task. Despite the relatively small task differences, increasing the demands of the task
seemed to detrimentally affect their pronunciation globally. Task sequence did not
appear to have a significant main effect on comprehensibility (F[2129] = 1.22, p = .269)
or accentedness (F[2129] = 3.62, p = .057) (see Appendix F).

Associations between acoustic measures and global ratings
The relationship between acoustic measures (i.e., VOT, vowel quality) and pronunci-
ation ratings (i.e., comprehensibility, accentedness) was assessed through Spearman

Figure 5. Median Mahalanobis distances between learners’ vowel productions and NS’ vowel spaces as a
function of task and vowel (error bars = 95% CI).

Table 5. Comprehensibility and accentedness ratings by task.

Simple Complex

M SD

95% CI

M SD

95% CI

Lower Upper Lower Upper

Comprehensibility 6.91 0.93 6.70 7.11 6.83 0.83 6.64 7.00
Accentedness 5.08 1.29 4.80 5.36 5.18 1.24 4.90 5.45
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rank-order correlation coefficients (for subjects with valid data for all measures,
N = 77)4. VOT was moderately related to comprehensibility (r[154] = .37, p < .001)
and accentedness (r[154] = -.51, p < .001) ratings, indicating that learners with longer
VOTwere perceived to bemore comprehensible and less strongly accented. In terms of
vowel quality, comprehensibility was weakly associated with Mahalanobis distances
between contrastive vowels (r[154] = .30, p< .001) andwith respect toNS (r[154]= -.25, p
= .002), suggesting that learners producing a larger contrast between the target vowels
and producing them more accurately were perceived to be more comprehensible,
whereas accentedness was weakly associated with Mahalanobis distances between con-
trastive vowels only (r[154] = -.30, p < .001). These associations were stronger in the
complex than the simple task (see Table 6), suggesting that increased task demands
strengthened these relationships, especially between VOT and accentedness.

Discussion
The current study did not find significant effects of task complexity on speech
production in terms of lexis, grammar, and fluency (except for the duration of pauses
at AS unit boundaries), against the predictions of the cognition hypothesis (Robinson,
2001a, 2011) and the outcomes of previous studies (e.g., Révész, 2009). The effects were
in the expected direction, but very small, which may be attributed to the nature of the
speaking task, specifically designed to elicit target L2 sounds for acoustic measurement.
This design provided learners with plenty of linguistic resources to perform the task,
which most likely washed out task complexity effects that could have otherwise
emerged. In addition, the rather advanced proficiency of L2 learners might have
minimized the internal competition for attentional resources in the areas of complexity,
accuracy, and fluency (Skehan, 2015) during L2 oral performance. Investigating L2
speaking fluency, accuracy, and complexity from a dynamic approach (e.g., De Jong,
2023) could also provide further evidence of trade-off effects (e.g., fluency being
impeded by difficulty in complex word retrieval) operating during oral production
on a very small timescale.

In the present study, detrimental task complexity effects on learners’ pronunciation
(RQ1: consonant production, RQ2: vowel production RQ3: global pronunciation

Table 6. Spearman-rank order correlations between acoustic measures and global ratings by task.

VOT
Vowel

contrastiveness
Vowel

nativelikeness

Simple Comprehensibility .34* .24* –.23*
Accentedness –.50** –.29* .20

Complex Comprehensibility .44** .37** –.25*
Accentedness –.55** –.33** .11

Note:
*p < .05 (2-tailed);
**p < .001 (2-tailed).

4The data from the 77 subjects included in the correlation analyses contained all target words. This
decision wasmotivated by the fact that NL’ evaluation of comprehensibility and accentedness may have been
based greatly in learners’ productions of the proper names, which were the most frequent and the ones that
differed between simple and complex tasks. Unselecting thesemeant a loss of 17 participants and affectedNL’
ratings significantly.
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ratings) were predicted, as complexifying tasks along resource-directing dimensions in
pronunciation-unfocused tasks could draw learners’ attention away from phonological
form because high task demands could pose serious limitations on learners’ ability to
efficiently monitor their speech (Kormos, 1999, 2000). We thus expected Robinson’s
(2001a, 2011) cognition hypothesis not to hold for pronunciation accuracy (Kuiken &
Vedder, 2011; Mora et al., 2024). Such expectations were partly met, as learners’ VOT
were more target-like in the simple than the complex task (RQ1), suggesting that
increased task complexity during authentic communication interfered with learners’
ability to focus on segmental features of speech (Derwing et al., 1998). In other words,
without an explicit focus on phonetic form, task complexity may not help enhance L2
pronunciation accuracy (e.g., Crowther et al., 2018). These findings align with Skehan’s
(2009, 2015) and Kormos’ (1999, 2000) theory of attentional resource competition
during L2 speech performance. Due to limited attentional capacity, learners’ attentional
resources might have been divided between lexis, grammatical, and pronunciation
accuracy, coming into competition during task performance. Although this study
cannot provide solid evidence for a lexico-grammatical-pronunciation accuracy trade-
off, previous studies have demonstrated trade-offs within one dimension (e.g., syntactic
complexity). For example, Wang and Skehan (2014) and Skehan and Shum (2014)
showed that subordination and phrasal complexity did not overlap when assessing the
role of task structure. Because of the interdependence between linguistic areas, further
studies should continue to investigate whether increasing task complexity might have a
differential impact on different types of accuracy (i.e., lexical, grammatical, pragmatic,
and pronunciation) while learners perform a communicative oral task.

For vowel production, no task complexity effects were found (RQ2). However, given
the nature of the speech samples onwhich vowel quality wasmeasured, and the fact that
each subject contributed with a differing number of vowel tokens and words in the
simple and complex tasks, no clear interpretation can be drawn from the current
findings. Therefore, task complexity effects observed in both learners andNS affecting /
æ/ and /ᴧ/ could in fact be a consequence of the unbalanced distribution of vowel tokens
across words generated by the spontaneity of the task. In addition, the malleability of
vowel articulation in terms of the contrastiveness and nativelikeness measures we used,
especially in advanced learners, may be too limited to be able to capture any differences
resulting from task complexity manipulation in pronunciation-unfocused tasks. VOT,
on the other hand, may be a more malleable and salient feature and more readily
affected by attentional resources being available to focus on pronunciation.

Task complexity effects on comprehensibility and accentedness (RQ3) were small,
although they pointed in the direction of these global dimensions being negatively
affected by task complexity (in line with what other studies had found, e.g., Crowther
et al., 2018). Interestingly, our analysis revealed differences in learners’ comprehensi-
bility and accentedness attributable to task complexity despite there not being signif-
icant effects in terms of lexis, grammar, and fluency. The fact that increased task
demands did not significantly affect learners’ comprehensibility can be partly related to
the nature of comprehensibility as a multidimensional construct, including segmentals
and suprasegmentals, fluency, lexical and grammatical accuracy and richness (e.g.,
Trofimovich & Isaacs, 2016).

Regarding RQ4, acoustic and global measures of pronunciation accuracy were
expected to be related in both tasks, especially in complex tasks, where task com-
plexity may pose greater demands on L2 pronunciation. Results revealed a weak-to-
moderate relation between segmental accuracy, comprehensibility, and accentedness.
Learners who produced greater VOT in initial oral stops were perceived to be more
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comprehensible and less foreign-accented (i.e., more native-like), in agreement with
Riney and Takagi’s (1999) findings. Regarding vowel quality, larger Mahalanobis
distances between contrastive vowels appeared to be related to higher comprehensi-
bility and lower accentedness ratings, suggesting that the more distinctly learners
produced the target vowel contrasts /iː/-/ɪ/ and /æ/-/ʌ/, the more comprehensible and
less accented their speech was judged to be, providing some support for a relationship
between acoustic distances of contrastiveness in vowel production and NL’ ratings of
comprehensibility and accentedness previous research has found for measures of
formant frequencies (Chan et al., 2016; Munro, 1993; Porretta, Kyröläinen & Tucker,
2015). Such associations were found to be stronger in the complex than the simple
task (see Crowther et al., 2018), especially for accentedness and VOT.

In sum, the results of the current study revealed that increased task complexity
interfered with learners’ ability to focus on laryngeal timing (VOT) as a segmental
feature of speech, leading to less-target like /p, t, k/ productions in the complex task.
However, no significant effects of task complexity were found for vowel production.
The findings also indicated small effects of task complexity on comprehensibility and
accentedness, suggesting a potential negative effect on these global dimensions. Fur-
thermore, a link was observed between segmental accuracy and the global dimensions
of L2 speech, with greater VOT associated with higher comprehensibility and lower
accentedness. The associations between acoustic and listener-based measures were
stronger in the complex task.

Several methodological limitations suggest future research directions. For example,
we were unable to control for the distribution of vowel tokens and words across tasks
due to differences in word frequency across tasks and participants. The study also
presented variability in the type of phonetic contexts in which target vowels were
produced and measured, due to the nature of the oral production task. Whether and
how thismight have affected the acousticmeasures and the comparison between simple
and complex tasks is an empirical question warranting future research. It is possible
that a more controlled communicative task (e.g., a task imposing a limitation on the use
or repetition of vowel tokens) could have yieldedmore consistent vowel production and
a more reliable interpretation of the results. Future studies should try to use more
controlled oral communicative tasks involving greater control over word frequency and
use of cognates, and more control over the nature of the tokens and the phonetic
contexts (e.g., a task requiring the use of adjectives with similar consonantal contexts).
More broadly, more experimental research is needed to gain a better understanding of
how the manipulation of other task features (i.e., repetition, modality) may affect L2
pronunciation in unfocused tasks. A follow-up of the current study is to analyze
potential trade-offs between lexico-grammatical accuracy and pronunciation during
monologic/dialogic unfocused oral tasks (see Mora et al., 2024). Finally, in order to
ensure the generalizability of the present findings, the study should be replicated with
other groups of L2 learners with different ages, L1 backgrounds, proficiency levels, and
experience. Controlling for individual differences in aptitude and speaking anxietymay
also contribute to our understanding of the relation between task complexity and
pronunciation.

Conclusion
The present study set out to explore the relationship between task complexity, pronun-
ciation accuracy (vowel and consonant productions), and listener-based assessments of
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L2 speech (comprehensibility and accentedness) in pronunciation-unfocused tasks. The
results suggest that complex tasks appeared to hinder the accurate production of English
oral stops (e.g., VOT was less accurate in the complex than in the simple task) as well as
comprehensibility and accentedness (e.g., speech was rated as less comprehensible and
more accented by NL in the complex task), but no observable negative effects of task
complexity were observed for vowel production.

In terms of pedagogical implications, future spontaneous tasks should be thought-
fully designed and manipulated to raise learners’ awareness about difficult L2 pronun-
ciation targets while communicating. Increasing cognitive complexity in tasks whose
pronunciation targets are essential for task completion (e.g., Mora-Plaza, 2023) is one
way to promote a focus on phonetic form during interaction. Task-based pronuncia-
tion teaching holds a promising avenue for enhancing L2 pronunciation learning in
communicative EFL classrooms.
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Appendices

Appendix A. Pre-task: Instructions and materials
Listen carefully to the description of the following characters and link them to the words that describe their
personalities and professions by putting their numbers next to the words.

Appendix B. The dinner table task: Instructions and materials
In this speaking task, we ask you to organize a successful dinner party for six people.

Please read the information about each person that is coming to the party carefully.
Your goal is:

1. To justify why the following seating arrangement will not guarantee a successful dinner party.
2. To provide and justify a new seating arrangement that can guarantee a successful dinner party: (1) take the

individual cards, (2) place them on the chairs of the new table.

Refer to characters with names and surnames.
Foster smooth and pleasant conversations between the guests.
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*The printable materials can be found online: http://sla-speech-tools.com

Simple task: part 1 & part 2

Complex task: part 1 and part 2
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Appendix C. Task performance questionnaire

Appendix D. List of target words by task, vowel, and consonant

Vowels Consonants

/æ/ /ᴧ/ /ɪ/ /iː/ /p/ /t/ /k/

Simple and
complex

actress dull bitchy deceitful painting determined kung fu
banker funny kickboxing dreamy poker table tennis catholic
catholic humble liberal genius politician wine-tasting keen
charismatic impulsive silly greedy popular talented kickboxing
passionate judge simple keen passionate teacher kind
pragmatic stubborn politician mean peaceful tipsy Cath
talented trustworthy Tilly peaceful impulsive Tilly
Cath Sung-ho tipsy teacher Peter

Peter
Simple Sam Cutler Killey Keith Pepper Tang Cutler

Tang Killey
Keith

Complex Ann Butler Pickett Keane Pickett Taylor Kang
Kang Keane
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Appendix E. Coding procedure to obtain CAF measures
The annotation process employed a Textgrid structure in Praat (Boersma&Weenik, 2015)withmultiple tiers
to capture various speech phenomena. The first Tier contained orthographic transcription, while the second
Tier distinguished between speech (“s”) and pauses (“p”). The third tier categorized different types of pauses
using four labels: p = pauses, pf = filled pauses, pi = internal pauses, pfi = internal filled pauses. Tier 4 marked
AS units, and dysfluencies were annotated with codes -R- (repetition, restart, rephrasing, reformulation), and
-S- (self-repair). Accuracy annotations included -L- (lexical error), -G- (grammatical error), and -P-
(pronunciation error, e.g., phonemic substitutions). A visual representation is provided below.

Appendix F. Parameter estimates of fixed effects models
Learners vs. NS’ oral stops (voice onset time)

VOT β SE t p

95% CI

Lower Upper

Intercept 8.254 0.261 31.568 0.000 7.742 8.767
Speaker group –1.629 0.274 –5.944 0.000 –2.166 –1.092
Consonant (/p/) –1.433 0.103 –13.955 0.000 –1.635 –1.232
Consonant (/t/) –0.100 0.095 –1.044 0.296 –0.287 0.087
Speaker group [Learners] * Consonant (/p/) –0.396 0.108 –3.674 0.000 –0.607 –0.185
Speaker group [Learners] * Consonant (/t/) 0.669 0.100 6.670 0.000 –0.473 0.866

Reference levels: speaker group = NS; consonant = /k/.
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Learners’ oral stops (voice onset time)

Vowels (Mahalanobis distances)

VOT β SE t p

95% CI

Lower Upper

Intercept 3.703 0.039 95.309 0.000 3.627 3.779
Task 0.061 0.015 4.040 0.000 0.032 0.091
Consonant (/p/) –0.614 0.015 –39.629 0.000 –0.644 –0.583
Consonant (/t/) 0.172 0.015 11.771 0.000 0.143 0.200
Sequence 0.134 0.051 2.651 0.008 0.035 0.233
Task [S]* Consonant (/p/) –0.025 0.022 –1.122 0.262 –0.068 0.018
Task [S]* Consonant (/t/) –0.024 0.021 –1.150 0.250 –0.065 0.017

Reference levels: task = complex; consonant = /k/; sequence = C > S.

95% CI

Contrastiveness β SE t p Lower Upper

Intercept 0.935 0.039 24.268 0.000 0.859 1.011
Task –0.080 0.028 –2.809 0.005 –0.135 –0.024
Contrast –0.364 0.025 –14.334 0.000 –0.414 –0.315
Sequence –0.002 0.047 –0.051 0.959 –0.094 0.090
Task × Contrast 0.053 0.037 1.443 0.149 –0.019 0.125

Reference levels: task = complex; contrast = /æ/-/ᴧ/; sequence = C > S.

95% CI

Nativelikeness β SE t p Lower Upper

Intercept 0.395 0.034 11.706 0.000 0.329 0.461
Task –0.010 0.032 –0.295 0.768 –0.073 0.054
Vowel (/iː/) –0.272 0.029 –9.262 0.000 –0.330 –0.215
Vowel (/ɪ/) –0.072 0.029 –2.470 0.014 –0.128 –0.015
Vowel (/æ/) –0.077 0.032 –2.394 0.017 –0.141 –0.014
Sequence 0.045 0.035 1.267 0.205 –0.025 0.114
Task [S] × Vowel (/iː/) –0.012 0.042 –0.294 0.768 –0.095 0.070
Task [S] × Vowel (/ɪ/) 0.051 0.042 1.218 0.223 –0.031 0.134
Task [S] × Vowel (/æ/) –0.050 0.046 –1.094 0.274 –0.140 0.040

Reference levels: task = complex; vowel = /ᴧ/; sequence = C > S.
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Comprehensibility

Accentedness

Cite this article: Mora-Plaza, I., Mora, J. C., Ortega, M., & Aliaga-Garcia, C. (2024). Is L2 pronunciation
affected by increased task complexity in pronunciation-unfocused speaking tasks? Studies in Second
Language Acquisition, 1–33. https://doi.org/10.1017/S0272263124000470

β SE t p

95% CI

Lower Upper

Intercept 6.713 0.1386 48.426 0.000 6.441 6.985
Task 0.081 0.0418 1.930 0.054 –0.001 0.163
Sequence 0.204 0.1850 1.105 0.269 –0.158 0.567

Reference levels: task = complex; sequence = C > S.

β SE t p

95% CI

Lower Upper

Intercept 5.464 0.2023 27.012 0.000 5.067 5.860
Task –0.096 0.0421 –2.273 0.023 –0.178 –0.013
Sequence –0.517 0.2716 –1.903 0.057 –1.049 0.016

Reference levels: task = complex; sequence = C > S.
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