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Fast mapping (FM) is an encoding paradigm in which a novel label is learned incidentally by inference. Some
studies have interpreted FM training as capable of bringing forward the integration of novel words into existing
lexical networks relative to typical consolidation timelines, although the evidence is mixed. We conducted three
experiments to investigate whether FM promotes faster lexical integration compared to explicit encoding (EE).
Experiments 1 and 2 extended prior orthographic fast mapping work, testing whether the rapid lexical inte-
gration claim generalises to the auditory (spoken) domain. Participants learned novel spoken words through
either FM or EE training. Lexical integration was assessed using a pause detection task immediately after
learning, one day later, and one week later (Experiment 1 only). Neither experiment found evidence that FM led
to more rapid lexical integration compared to EE. Experiment 3 was a direct replication of previous orthographic
fast mapping research (Coutanche and Thompson-Schill, 2014), using a semantic categorisation task to assess
integration of visually presented novel words. Again, we found no advantage for FM in promoting rapid lexical
integration. Across all experiments, EE consistently produced superior explicit memory for the novel words
compared to FM. These findings fail to support claims that FM-based training allows novel words to bypass time-
dependent consolidation processes and become rapidly integrated into the mental lexicon. The results are
consistent with complementary learning systems accounts positing that lexical integration typically benefits from

offline consolidation, regardless of encoding method.

The Complementary Learning Systems (CLS) model of word learning
(Davis and Gaskell, 2009); (Gaskell, 2024); (Lindsay and Gaskell, 2010)
builds on a computational framework (McClelland et al., 1995) that
distinguishes between two complementary systems involved in learning
words. According to this model, the initial encoding of novel words
typically relies on a medial temporal lobe memory system, primarily
mediated by the hippocampus. This system, characterised by distinct,
pattern-separated representations, supports episodic memory for words
and enables “one-shot” learning, linking cortical representations of form
and meaning. In parallel, lexical representations are gradually encoded
in the neocortex through repeated exposures, resulting in distributed
and overlapping representations. The CLS model proposes that sleep can
provide a favourable context for integrating episodic memory traces
associated with learning new words into long-term cortical memory
networks.

The foundational evidence supporting the CLS model of word
learning comes from studies investigating the time course of lexical

competition during phonological word recognition. Gaskell and Dumay
(2003) developed a paradigm in which participants were taught novel
words (e.g., “skeletobe™) derived from base words (e.g., “skeleton”) with
an early uniqueness point (the point at which the spoken word becomes
distinct from all other words in the listener's lexicon). Lexical competi-
tion was assessed using a pause detection task (with similar findings
observed in a lexical decision task), where participants detected pauses
inserted into words near the uniqueness point. The response latency
served as an indicator of lexical activity at the point of perceiving the
pause (Mattys and Clark, 2002). Consistent with the cohort model of
word recognition (Gaskell and Marslen-Wilson, 2002), a key behav-
ioural outcome of lexical integration would be a slowing of word
recognition, as novel words compete for activation in existing lexical
networks (Gaskell and Dumay, 2003). Gaskell and Dumay (2003) tested
participants both immediately after learning and at later time points.
Crucially, they observed this slowing effect indicative of lexical
competition only after a significant delay (e.g., several days or a week
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later, depending on the specific experiment), with no significant
competition effect immediately after training. This suggested that,
under these learning conditions, lexical competition became detectable
only after a period of consolidation. Further research demonstrated that
sleep often facilitates this integration (Dumay and Gaskell, 2007;
Tamminen et al., 2010; for a meta-analysis, see Schimke et al., 2021),
although exceptions may exist, particularly if the new learning can
exploit lexical prior knowledge (Gaskell, 2024).

A related paradigm that further supports the CLS model of word
learning has examined the emergence of lexical competition in ortho-
graphic word recognition. Bowers, et al. (2005) taught participants
novel words (e.g., “banara”) derived from “hermit” base words, which
are words with no pre-existing lexical neighbours that could be formed
by changing or removing a single letter (e.g., “banana”). Participants
were trained on the novel words, and lexical competition was subse-
quently assessed using a speeded semantic categorisation task. In this
task, participants judged whether base words presented on the screen
were natural kinds or artefacts. This task therefore requires an explicit
judgement about meaning, and any competition effect is inferred from
slowed semantic decisions rather than from a decision about word form.
Using a logic similar to that of (Gaskell and Dumay 2003), evidence for
lexical competition was indicated by slower responses to base words that
had newly learned competitors compared to hermit words without such
competitors. Like Gaskell and Dumay, Bowers et al. found no evidence of
competition immediately after training; competition effects only
emerged on the following day. Further studies in Dutch also reported no
immediate competition effects but found significant effects a day after
training, both for written words and in a cross-modal task where
learning involved spoken words and testing involved an orthographic
format (Bakker et al.,, 2014). Additionally, sleep-associated memory
consolidation appears to play an influential role in the emergence of
competition effects (Wang et al., 2017), consistent with predictions from
the CLS model of learning (McClelland et al., 1995).

Research on the lexical integration of phonological and orthographic
forms has been joined by studies focused on semantic integration, in
which novel forms are trained with meanings and later assessed using
meaning-based measures such as semantic priming (e.g., Tamminen and
Gaskell, 2013); (Tham et al., 2015). These studies have generally found
that semantic integration, like form integration, takes time and benefits
from offline consolidation, consistent with the CLS model. While the CLS
model of word learning has been successful in explaining a range of
findings, there is increasing interest in understanding the conditions
under which lexical integration can occur relatively rapidly rather than
only after a period of offline consolidation. Lindsay and Gaskell (2013)
showed that phonological lexical competition could emerge within a
single day through repeated training and testing, indicating that sleep
may be sufficient but not necessary for lexical integration to occur.
Walker et al. (2019) found significant evidence for competition in visual
word recognition with an adaptation of the (Bowers et al. 2005) para-
digm immediately after training. Since this immediate competition ef-
fect contrasts with the delayed effects typically associated with lexical
integration, this suggests that the task may not be truly diagnostic of
lexical integration (Gaskell and Lindsay, 2019). Similarly, several other
paradigms that appear to rely on lexical integration have demonstrated
evidence for pre-sleep lexicalisation (Kapnoula et al., 2015; Kapnoula
and McMurray, 2016; see Palma and Titone, 2021, for a review).
However, such findings do not necessarily undermine the CLS model,
which can potentially accommodate rapid integration effects depending
on the specific learning conditions (Gaskell, 2024; McClelland, 2013).
Indeed, while robust evidence indicates that sleep-based consolidation
often supports lexical integration, particularly for spoken words, the
existence of rapid integration phenomena prompts a closer examination
of the learning conditions that might bypass or accelerate this process.
The key question, therefore, is not whether rapid integration can occur
at all, but under what learning conditions it emerges and through which
mechanisms it is supported.
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Particularly relevant to this question, (Coutanche and Thompson-
Schill 2014) reported rapid, same-day lexical integration of written
forms using a particular encoding method. Inspired by (Sharon et al.'s
2011) application of fast mapping to adults with amnesia, Coutanche
and Thompson-Schill employed a test of lexical integration adapted
from (Bowers et al. 2005) but manipulated the training of the novel
written words in a between-participants design. In Bowers et al., par-
ticipants were trained on the novel word forms alone, with 10 pre-
sentations of each novel word. Coutanche and Thompson-Schill used
just two presentations, but also provided semantic information by
pairing the novel written words with images of rare animals that were
generally not known to the participants. In one group, called the Explicit
Encoding condition (EE), participants were explicitly instructed to
encode a novel orthographic label for a picture of the novel animal on
the screen (e.g., “remember the puncil”). In their “Fast Mapping” condi-
tion (FM), word learning was more incidental. Participants were pre-
sented with both a novel and a known animal on screen, and had to infer
that the presented novel word referred to the novel animal, with ques-
tions such as “Are the antennae of the puncil pointing up?” Their striking
result was that the FM condition showed immediate lexical competition
(i.e., on the same day as training, before overnight consolidation), even
though the EE condition did not. Despite these differences in lexical
competition, tests of declarative memory showed that memory for novel
word-to-picture mappings was stronger following explicit training.
Further work following Coutanche and Thompson-Schill has also re-
ported lexical competition or related evidence of lexical integration after
FM training (Li et al., 2026; Qu, 2024; Senaldi et al., 2026; Zaiser et al.,
2022). However, some attempts to replicate the original lexical inte-
gration advantage have yielded negative results (e.g., Coutanche and
Koch, 2017; McGregor et al., 2020; Gurunandan et al., 2023; see Gen-
eral Discussion).

The type of training used in their FM condition originates from the
developmental literature on word learning. The term “fast mapping”
was first used by Carey (1978) to describe the remarkable ability of
children to rapidly acquire words by mapping a novel form to a novel
referent with limited exposure, via an inference. Rather than describing
an inherent ability, the term “fast mapping” has become associated with
a specific methodological procedure used in experimental studies of
word learning. This paradigm has defining features that Coutanche and
Thompson-Schill employed with adults, where the labelling of a novel
word is incidental rather than ostensive, requiring participants to infer
the referent of the novel word form. In developmental studies, this often
involves presenting a familiar, named object alongside a novel object,
prompting the child to select the novel object upon hearing the novel
word. Children are thought to apply the principle of mutual exclusivity
(the assumption that each word has a single referent) to assign labels to
unfamiliar objects (Carey, 1978). However, selecting a referent in a fast
mapping task does not necessarily result in a stable, long-term mapping
in 2-year-olds (Horst and Samuelson, 2008), or even 3-5-year-olds for
certain word types (Holland et al., 2015). Indeed, a recent meta-analysis
found that while children aged 1 to 5 show robust mutual exclusivity
responses during initial referent selection, retention of these mappings is
substantially weaker (Mather and Lindsay, 2025). For this reason, “fast
mapping” best describes tasks that have certain characteristics during
referent selection when encountering a novel word (implicit, inferential,
limited exposure), rather than describing an inherent word-learning
ability.

Sharon et al. (2011) applied the FM paradigm from developmental
research to study learning in patients with amnesia. They compared FM
and EE conditions for learning novel word-object associations in four
individuals with amnesia and healthy controls. Their results revealed a
striking interaction: while participants with amnesia performed poorly
in the EE condition, their performance in the FM condition was com-
parable to that of controls. This finding suggested that FM training might
enable rapid neocortical learning, bypassing the typical hippocampus-
dependent memory consolidation process. In line with this possibility,
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neurophysiological studies in healthy adults report rapid cortical re-
sponses following fast mapping and early divergences from explicit
encoding, including left anterior temporal involvement (Shtyrov et al.,
2021, 2022). However, subsequent research indicates mixed outcomes.
One conceptually related study found preserved 24-h FM memory in
patients with amnesia, although without an EE comparison in the
amnesic group (Merhav et al., 2014), whereas several other studies,
including close replication attempts and conceptually related variants,
report null effects (e.g., Smith et al., 2014; Warren and Duff, 2014;
Warren et al., 2016; see Cooper et al., 2019). Furthermore, the devel-
opmental basis for expecting FM to support hippocampus-independent
learning has been challenged. O'Connor and Riggs (2019) and
O'Connor et al. (2019) argue that the developmental literature does not
support the notion that, prior to mature hippocampal development, FM
supports superior word learning compared to EE, pointing to findings
that long-term retention via FM typically emerges only alongside func-
tional hippocampus-dependent memory and does not reliably surpass
explicit encoding methods.

Despite these controversies, reports of rapid lexical integration ef-
fects after FM have prompted interest in whether fast mapping engages
learning mechanisms that differ from standard explicit encoding and
might support relatively rapid consolidation of new lexical representa-
tions. Within updated accounts of complementary learning systems
(Gaskell, 2024; McClelland, 2013), such rapid learning can, in principle,
be accommodated, since consolidation is expected to be relatively rapid
when new information is consistent with prior knowledge or a schema
(Tse et al., 2007, 2011; van Kesteren et al., 2012). It remains unclear,
however, whether fast mapping paradigms engage such schema-based
mechanisms. Novel words paired with novel animals do not obviously
benefit from prior lexical or semantic knowledge (although the
contextual presence of a semantically related image with a known label
in the fast mapping paradigm may help), and even if semantic integra-
tion is enhanced, existing fast mapping accounts typically appeal to
semantic mechanisms rather than to processes that would selectively
accelerate early form-level competition. Resolving these theoretical
questions first requires establishing whether the accelerated integration
effect is itself robust and generalisable.

The original findings of Coutanche and Thompson-Schill have been
highly influential. However, subsequent studies testing whether FM
accelerates lexical integration relative to EE have yielded both positive
(e.g., Lietal., 2026); (Qu, 2024) and negative results (e.g., Gurunandan
et al., 2023); (McGregor et al., 2020). Given this mixed evidence,
establishing the robustness and generality of the effect remains an open
question. Our primary objective was to test whether the accelerated
lexical integration reported for written words also emerges for novel
spoken words. We therefore adapted the training design from Experi-
ment 1 of Coutanche and Thompson-Schill to the phonological domain,
pairing novel spoken labels with pictures of novel animals under fast
mapping and explicit encoding conditions. Because the accelerated
integration account does not predict modality-specific effects, finding
comparable immediate competition for spoken words would support the
generality of the phenomenon. At the same time, cross-modal work re-
ports dissociations in the timing and modality of competition (e.g.,
Bakker et al., 2014), so differences between orthographic and phono-
logical outcomes would also be theoretically informative.

Investigating these effects within the phonological domain also of-
fers several important advantages. First, it aligns closely with the
developmental literature on fast mapping, where infants and children
naturally acquire novel spoken words through auditory input,
enhancing ecological validity. Second, consolidation effects have been
characterised far more extensively for spoken than for visual word
recognition, including overnight polysomnography studies linking sleep
architecture to lexical integration (e.g., Tamminen et al., 2010).
Consistent with this emphasis, the CLS-based account of consolidation in
word learning was developed primarily around evidence from spoken-
word recognition (Davis and Gaskell, 2009). Thus, examining lexical
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competition with novel spoken forms provides a particularly well-
motivated context in which to evaluate the putative rapid integration
mechanism proposed by Coutanche and Thompson-Schill and to derive
constraints on theories of consolidation that aim to explain when lexical
integration is rapid or delayed.

To measure lexical integration of novel phonological forms, we
employed the pause detection task (Dumay and Gaskell, 2007). Partic-
ipants were tested shortly after learning and then again one day later,
following the procedure of Coutanche and Thompson-Schill. Since they
found no lexical competition effects in the EE condition a day after
learning, we included an additional test one week after training to
explore potential longer-term effects (an approach similar to that of
Tamminen and Gaskell, 2013). The inclusion of the one-week test served
two purposes. First, it provided another opportunity to detect delayed or
emergent lexical competition effects that may not be apparent after a
single night's consolidation. Second, it assessed whether any observed
fast mapping effects exhibit the kind of durability and stability expected
if they reflect lasting changes within the lexical competition network.

Following the findings of Coutanche and Thompson-Schill, if FM
training can accelerate the time course of lexical integration regardless
of modality, we should expect to observe both a competition effect after
FM and a larger effect after FM than after EE at the immediate test. The
second criterion is the critical test because acceleration is a relative
claim about the encoding method. It does not depend on the absence of
an EE effect, only that the immediate FM effect reliably exceeds the
immediate EE effect. Alongside this possible integration difference, we
would also expect to replicate the less controversial findings that EE
leads to improved declarative memory compared with the FM condition,
which has been replicated elsewhere with adults (e.g., Greve et al.,
2014).

In line with the complementary learning systems model of word
learning, we further hypothesised that both lexical integration and
declarative memory effects would be enhanced after a 24-h consolida-
tion period (Davis and Gaskell, 2009; Dumay and Gaskell, 2007),
reflecting offline consolidation processes that strengthen memory over
time.

Experiment 1: phonological stimuli
Method

Participants

Forty-six participants from the University of York took part in this
study (15 male) for course credit. Sample size was determined by
availability of participants during a fixed time period of a teaching se-
mester. Ages ranged from 18 to 23 years (M = 20.7, SD = 1.1). All were
native English speakers, with no self-reported sleep, learning, or lan-
guage disorders, and all reported normally having at least six hours of
sleep per night. The study was approved by the Department of Psy-
chology Ethics Committee at the University of York.

Overview of design

The experiment employed a between-participants design, comparing
novel phonological word learning under two conditions: Fast Mapping
(FM) and Explicit Encoding (EE). The overall procedure adapted
Coutanche and Thompson-Schill (2014) for phonological stimuli,
incorporating several key modifications.

Notably, while Coutanche and Thompson-Schill used only two pre-
sentations per novel item in their orthographic study, we increased this
to four for our phonological adaptation. This decision was based on
findings suggesting that more exposure than the two presentations used
in the original orthographic study may be necessary to elicit delayed
lexical competition effects with spoken words, with even higher
numbers sometimes proving insufficient (Sobczak and Gaskell, 2019).
Using four presentations represented a compromise, aiming to provide
sufficient exposure for integration while keeping the number of
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encounters closer to the limited exposure characteristic of fast mapping
paradigms than to the high repetitions often used solely for explicit
learning (e.g., Dumay and Gaskell, 2007).

As illustrated in Fig. 1, participants completed three sessions. Session
1 involved the training phase (either FM or EE), followed by a brief filler
task (a 10-min vocabulary questionnaire featuring synonym multiple-
choice items and a word-search) and the first testing phase, which
assessed lexical integration using a pause detection task (our primary
dependent variable of interest). Cued recall was administered after
pause detection in this first session. Session 2, occurring approximately
24 h later, included the pause detection task again, followed by cued
recall and 3AFC recognition. Session 3 took place approximately one
week after Session 1 (Mdn = 7 days, range = 6 to 9 days) and repeated
the pause detection, cued recall, and recognition tests. This multi-
session design allowed us to assess immediate learning effects (Session
1), effects after a period of overnight consolidation (Session 2), and
longer-term retention and integration (Session 3).

We also modified the declarative memory testing procedures used by
Coutanche and Thompson-Schill. First, because their free recall task
yielded performance near floor levels, we employed a cued recall task
instead. Second, we altered the timing of these tests. Whereas Coutanche
and Thompson-Schill administered declarative tests before the lexical
integration test in Session 1, we administered declarative memory tests
after the pause detection task. Cued recall was administered after pause
detection in all three sessions, whereas 3AFC recognition was intro-
duced only from Session 2 onward to avoid additional picture-name
exposure before the primary Day 1 lexical integration test. This
change was implemented to limit any additional exposure to the novel
words during Session 1 that might obscure potential differences arising
purely from the distinct FM and EE encoding manipulations.

Stimuli

Participants learned a set of animals paired with novel words. We
used the same colour photographs of unfamiliar animals used in
Coutanche and Thompson-Schill (2014), showing the entire body of
each animal with backgrounds cropped. The set included mammals,
insects, birds, and fish, chosen to be likely unfamiliar to participants,
based on a norming study reported in Coutanche and Thompson-Schill.
From the 16-item set, we selected a smaller set of 12 based on the au-
thors' judgement of likely unfamiliarity for a UK adult sample. Examples
of the images are shown in Fig. 1. An additional 48 images of familiar
animals were used in the FM condition as comparison items, which had

TRAINING DAY 1
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been chosen to come from the same taxonomic class as the unfamiliar
animal.

Twenty-four novel words were taken from a previous study investi-
gating spoken-word competition (Henderson et al., 2015). Assignment
of words to animals was counterbalanced across two lists so that each
word was associated with two animals across participants. These novel
words were derived from English base words (e.g., “pyramid”) that had
been altered to form novel words (e.g., “pyramon”). Base words had an
early uniqueness point, allowing identification before hearing the final
consonant or consonants (Gaskell and Marslen-Wilson, 2002). Learning
the novel word aimed to create an onset competitor, with the conse-
quence of delaying the point at which the base word could be identified
with certainty during word recognition (Gaskell and Dumay, 2003),
once the novel word had been successfully lexically integrated. Base
words were taken from a range of semantic categories (animals, food,
plants, clothing, ornaments, and landmarks) and matched for number of
syllables, phonemes, spoken-word length, and frequency (as described
in Henderson et al., 2015).

Each participant learned 12 novel words. During the testing phase,
participants heard 24 base words: 12 for which a novel competitor had
been learned in training, and 12 without a learned competitor. Addi-
tionally, 24 filler items were included in the pause detection task,
selected to match the average lexical properties of the base words. We
counterbalanced the assignment of words to the learned competitor
condition and the presentation of pauses within words.

All words were recorded by a female native English speaker. For the
training phase, these recordings were cross-spliced onto the same
spoken carrier sentence (with a single sentence used in the EE condi-
tion). In trials containing a pause, a 200 ms silent interval was inserted
immediately before the onset of the final syllable, following the method
of Henderson et al. (2015). The remainder of the word followed this
pause. To control for potential effects of pause presence, we created
counterbalanced lists, ensuring that each word was heard both with and
without a pause.

Procedure

All tasks, except the final familiarity assessment, were presented
using DMDX software (Forster and Forster, 2003) on a 1024 x 768
monitor. Auditory stimuli were delivered via headphones. The presen-
tation order was randomised for each participant, with the exception of
the familiarity task, which followed a fixed sequence. The 12 target
animals were presented four times across four blocks, with all 12

TEST DAY 1

Pause
Detection

Cued
Recall

~P |

“iz the head of the aniot pointing lefT"

10-min
filler task

“pot_?"

TEST DAY 2

. —

Pause
Detection

Cued

Recall _.

remember the potabu

por_ 27 P

TEST DAY 7
Pause Cued E Familiarity
—| 3AFC
Detection Recall - Judgement

“pot__?" nl 0 - -

Fig. 1. Overview of the Design of Experiment 1.



S. Lindsay et al.

animals appearing within each block.

Training. In the EE condition, animals were displayed individually in the
centre of a white background, as illustrated on the right in Fig. 1.
Throughout the task, participants heard the instruction “remember the
[novel word]” via headphones, coinciding with the image onset. After a
250 ms interval, the recording of the animal's name was played. Each
image remained on the screen for 4000 ms, followed by a 250 ms inter-
trial interval displaying a blank screen.

During FM training, unfamiliar animals were presented alongside
well-known animals on a white background, as illustrated in Fig. 1. The
novel animal appeared randomly on either the left or right side (50%
probability for each). Each unfamiliar animal was paired with four
different familiar animals from the same taxonomic class across four
presentations. The comparison animals were selected for their famil-
iarity and nameability to participants. For each presentation, partici-
pants heard a question incorporating the unfamiliar animal's novel name
(e.g., “Is the head of the oniot pointing left?”’). These questions referred to
visual characteristics present in both animals, ensuring that answers
could not be based solely on the presence or absence of a feature. A
unique question was posed for each of the four presentations.

Participants responded using designated keys on the left and right
sides of the keyboard to indicate “no” or “yes,” respectively. The ques-
tions were designed so that “yes” and “no” responses were equally
probable. A time limit of 6000 ms was imposed for each response.

Following the training phase in Session 1, participants completed a
10-min vocabulary questionnaire as a filler task, after which they
immediately proceeded to the testing phase.

Lexical integration. Lexical competition was assessed using a pause
detection task, following the methodology of Gaskell and Dumay (2003)
and Mattys and Clark (2002). Participants listened to a series of words,
half of which contained an inserted pause. Their task was to indicate the
presence or absence of this pause using keyboard responses, using the
left Shift key for ‘pause absent’ and the right Shift key for ‘pause
present’.

Before each target word presentation, on-screen prompts displaying
the button mapping appeared for 1000 ms. The target word was then
played, and participants were instructed to respond as quickly and
accurately as possible. A response window of 5000 ms was provided,
with response times recorded from the onset of each word.

Cued recall. Participants heard the first syllable of each novel word (e.
g., “daff’ for “daffodat’) and were required to say the entirety of the
learned animal name, guessing if unsure. Responses were recorded
through DMDX. The task was self-paced. Participants chose when to
move to the next trial by pressing a key, and the cue could be replayed as
many times as required.

3AFC Recognition. This part of the test phase comprised 12 trials, each
presenting three of the unfamiliar animals from the training phase (see
Fig. 1). At the onset of each trial, participants heard one of the trained
novel words. They then had 5000 ms to identify the corresponding an-
imal by pressing 1, 2, or 3 on the keyboard's number row, matching the
animal's position on the screen. To prevent identification based solely on
familiarity, each animal served as a foil in two trials where it was not the
target.

Familiarity. At the end of the final session, participants were asked to
rate their familiarity with the 12 animals before starting the experiment,
using a 7-point Likert scale ranging from ‘not at all familiar’ (1) to ‘very
familiar’ (7). Photos of each item were presented on paper, with the
rating scales below each animal.
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Results

Table 1 summarises the behavioural results across all experiments,
while Fig. 2 illustrates the behavioural outcomes for all tasks in Exper-
iment 1. We conducted analyses across tasks and experiments using
mixed-effects models implemented with the Ime4 package (version
1.1-25; Bates et al., 2015) and the afex package (version 1.5-0;
Singmann et al., 2023). Type IIIl ANOVA p-values were calculated using
the Satterthwaite approximation. Planned comparisons derived from the
model were computed using the emmeans package (version 1.10.2;
Lenth, 2024), employing the Tukey method to control for family-wise
error rates in paired comparisons and the Kenward-Roger approxima-
tion for degrees of freedom calculation.

The random-effects structure for each model was determined using
the buildmer package (version 2.12; Voeten, 2023), which uses a for-
ward stepwise approach, starting from an empty model and adding
terms based on the largest improvement in log-likelihood to identify the
maximal converging random-effects structure supported by the data. For
the declarative memory models, this process resulted in convergence

Table 1
Responses Across All Behavioural Tasks in Experiments 1, 2, and 3.

Learning Day  Experiment 1

Integration task (Pause detection) Cued 3AFC
recall
Base Control Difference
word
696 681 0.32
EE ! (150) (121) 15(65) (0.19) -
660 628 0.43 0.80
2 (132) (110) 82(62) (0.17) (0.18)
650 621 0.49 0.81
7 (146) (106) 30@49 (0.22) (0.19)
712 737 0.11
M ! (1s1) s7) “246D o1 N
759 743 0.17 0.59
2 1
(182) a72) 678 (009 0.24)
765 739 0.36 0.63
7 ar (157) OV (016 ©.19)
Experiment 2
Integration task (Pause detection) Cued 3AFC
recall —
Base Control Difference
word
727 691 0.24 0.62
EE 1 (125) (136) 36 (69) (0.18) (0.22)
730 719 0.33 0.66
2 127) (150) 11(68) (0.21) (0.25)
757 741 0.14 0.48
M ! 174) (149) 15 (60) (0.13) (0.25)
749 776 0.17 0.52
2 -2
(184) (193) 7 88) (0.14) (0.22)
Experiment 3
Integrat.wn. task (Semantic Free 3AFC
categorisation) recall —_—
Non- . Hermit Difference
hermit
863 858 0.09 0.63
FE @ 207) 4a0 o1 ©0.27)
816 795 0.11 0.62
2 (207) (2149 22 (83) (0.12) (0.33)
910 898 0.04 0.47
FM 1 11
(246) (234) (59) (0.09) (0.22)
857 837 0.09 0.44
2 (230) (222) 27.(69) (0.15) (0.16)

Note. Responses for the integration tasks are in milliseconds. Responses for free
and cued recall and 3AFC are proportions correct. Brackets denote standard
deviations. The Difference column reports participant-level paired differences
(Studied - Control).
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Fig. 2. Responses Across All Behavioural Tasks for Experiment 1. Note. Error bars show standard errors.

warnings indicating a singular fit when random effects for participants
were complex (likely due to sparse data). Therefore, for these specific
models, we retained only random intercepts for participants to account
for the repeated measures design while ensuring model stability. All
contrasts were sum-coded to facilitate the interpretation of main effects
in the presence of interactions.

Familiarity and Exclusion

We applied the same exclusion criteria as Coutanche and Thompson-
Schill. For individual participants, we excluded trials involving animals
rated with a familiarity score greater than three from the lexical
competition, cued recall, and recognition data. Participants who rated
more than half of the animals with a familiarity score exceeding three
were removed from the study. This resulted in the exclusion of one
participant from the FM condition and two from the EE condition. For
the remaining participants, 5.2% of individual trials were excluded
based on high familiarity ratings.

Four participants in the FM condition did not complete the final

session. To maximise statistical power, we retained these participants in
the analyses. The mixed-effects models were estimated using restricted
maximum likelihood, which uses all available trials under a missing-at-
random assumption rather than listwise deletion.

Lexical competition

To account for variations in word length, we subtracted the cue
length before the pause from the response times. No participants were
excluded based on the response accuracy criterion (<70%). We elimi-
nated trials with incorrect responses (3.6%) and those with reaction
times (RTs) below 300 ms or above 1500 ms (2.9% of the remaining
data), following the criteria used by Bowers et al. (2005) and Coutanche
and Thompson-Schill (2014). Table 1 presents the means and standard
deviations, while Fig. 2 illustrates these results graphically.

To investigate the presence or absence of lexical competition effects
across different time points, we employed a mixed-effects model. This
model incorporated fixed effects for two within-participant factors, test
session (day 1, day 2, and day 7 post-learning) and competitor
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acquisition (base words with novel competitors vs. control base words
without novel competitors), and for the between-participant factor of
encoding condition (EE vs. FM).

Using the buildmer package, we iteratively searched for the maximal
converging random-effects structure (Voeten, 2023), specifying a
maximal model:

RT ~ competitor acquisition * session * encoding condition + (1 +
competitor acquisition * session * encoding condition | participant) + (1 +
competitor acquisition * session * encoding condition | item).

Model fitting with buildmer led to a final model with by-participant
random slopes for session and by-item random intercepts:

RT ~ competitor acquisition * session * encoding condition + (1 + ses-
sion | participant) + (1 | item).

Our overall model revealed a main effect of competitor acquisition [F
(1, 2531.7) = 5.87, p = .0155], indicating slower RTs for detecting
pauses in words with newly acquired competitors. We also found a
significant competitor acquisition by session interaction [F(2, 2540.4)
= 3.12, p = .044], suggesting that this lexical competition effect varied
across sessions. Additionally, there was a main effect of encoding con-
dition [F(1, 41.0) = 4.58, p = .038], with participants in the FM con-
dition showing slower pause detection responses overall compared to
those in the EE condition. As this reflects a baseline RT difference and
did not interact with competitor acquisition within sessions, it is not of
primary theoretical interest. A key goal was to determine whether
encoding in the FM condition could lead to the emergence of a lexical
competition effect on the first day without requiring a period of
consolidation. In the first session, we found no significant interaction
between encoding condition and competitor acquisition [F(1, 2539.7) =
2.269, p = .132], and no overall main effect of competitor acquisition [F
(1, 2540.4) = 0.396, p = .53]. This indicated that acquiring a novel
competitor did not influence lexical competition on the first day of
learning, regardless of the encoding method.

On the second day after encoding, we observed a significant main
effect of competitor acquisition [F(1, 2540.0) = 5.694, p = .017], with
pause detection latencies to base words with an acquired competitor
significantly slower than those without. There was no significant inter-
action between competitor acquisition and encoding [F(1, 2539.8) =
0.509, p = .48], suggesting that the encoding type did not affect the
overall lexical competition effect found in this session.

We also examined whether these competition effects persisted to the
final session, approximately seven days after encoding. Again, we found
evidence consistent with lexical integration of the novel words, with
slower responses to base words with a novel competitor [F(1, 2537.8) =
5.778, p = .0163]. As in the earlier sessions, the encoding method did
not influence lexical competition, with no significant interaction be-
tween encoding and competitor acquisition [F(1, 2536.8) = 0.000, p =
.99].

Cued recall

Following Henderson et al. (2015), we coded cued recall recordings
as follows: exact matches received a score of two, responses differing by
one phoneme (e.g., “daffodit” for “daffodat”) received a score of one, and
responses matching the original base word or differing by more than one
phoneme scored zero. We excluded participants who did not complete
the task correctly (e.g., only saying the name endings), resulting in the
removal of 6 participants (4 EE, 2 FM).

As illustrated in Fig. 2 (and Table 1), despite low overall perfor-
mance, clear patterns emerged. Cued recall scores improved across the
three sessions, with EE training consistently yielding higher scores than
FM training. The EE benefit was largest in the second session and
smallest in the last session.

We fitted a linear mixed-effects model on the proportion of correct
responses, allowing for by-participant random intercepts and fixed ef-
fects of session and training condition, including their interaction. The
model revealed a significant main effect of session on average cued
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recall score [F(2, 72) = 28.92, p < .001], reflecting better memory scores
in later sessions. Additionally, mean cued recall scores were significantly
higher in the EE condition across sessions [F(1, 36) = 22.55, p < .001].
The interaction between encoding condition and session was not sig-
nificant [F(2, 72) = 2.71, p = .073].

Planned comparisons showed that the superior memory performance
for EE training was reliable on the first day of learning [t(78.3) = 3.860,
p < .001] and a day later [t(78.3) = 4.928, p < .001]. The difference
observed one week later was also statistically significant [t(78.3) =
2.461, p = .0161]. These results indicate a substantial advantage for EE
training over FM training in cued recall performance across all sessions,
with the strongest differences observed during the first two sessions.

3AFC recognition

We calculated the proportion of correctly identified animals for each
participant, adjusting denominators if items were removed through the
familiarity check. As illustrated in Fig. 2, performance was generally
high (compared to chance performance of 0.33), with EE-trained par-
ticipants correctly identifying a greater proportion of animal images
from the corresponding names than FM-trained participants.

We fitted a linear mixed-effects model on the proportion of correct
responses, allowing for by-participant random intercepts and fixed ef-
fects of session and training condition, including their interaction. The
model revealed a significant main effect of training condition [F(1,
43.8) = 15.10, p < .001], reflecting superior recognition for the EE
condition. However, we found no significant effect of session [F(1, 43.0)
= 0.66, p = .42], nor a significant interaction between session and
training condition [F(1, 43.0) = 0.51, p = .48].

Planned comparisons showed that the superior memory performance
for EE training was reliable both a day after learning [t(75.7) = 3.627, p
< .001] and a week after learning [t(75.7) = 2.830, p < .01]. These
results indicate a substantial advantage for EE training over FM training
in both sessions, with the strongest difference observed a day after
learning.

Discussion

In this extension of Coutanche and Thompson-Schill (2014), we
tested novel word integration using phonological, rather than ortho-
graphic, form-referent pairings. We replicated one finding from Cou-
tanche and Thompson-Schill, that EE training led to better explicit
memory, as shown by both a cued recall measure (used here instead of
free recall) and recognition memory of the novel word forms. However,
we did not replicate their counterintuitive finding that, despite worse
explicit memory performance following FM training, FM training
nonetheless led to evidence for lexical competition. Unlike explicit
memory tests that directly probe knowledge of the novel words, lexical
competition provides an indirect measure of how well these words have
been integrated into the mental lexicon. Contrary to their findings, we
did not observe evidence that the FM training condition accelerated the
time course of lexical competition. Consistent with other studies
examining lexical competition from novel words in the phonological
domain (e.g., Gaskell and Dumay, 2003), we found no lexical competi-
tion shortly after learning in either training condition. Instead, compe-
tition effects emerged when testing a day later, aligning with the
Complementary Learning Systems model of word learning (Davis and
Gaskell, 2009). This model suggests that sleep-associated memory
consolidation may promote the integration of novel words into the
mental lexicon (Dumay and Gaskell, 2007). This lexical competition
effect remained robust one week after training.

While our results in Experiment 1 did not support the rapid lexical
integration hypothesis for FM, they did reveal delayed lexical compe-
tition effects emerging after 24 h in both conditions. This suggests our
decision to use four presentations (though still a relatively low number
compared to typical phonological studies, e.g., Gaskell and Dumay,
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2003) provided sufficient exposure to observe integration after a
consolidation period, perhaps aided by the explicit learning instructions
employed. However, this methodological deviation, potentially neces-
sary to elicit any integration effect with phonological stimuli, might also
explain the discrepancy regarding rapid integration. It is possible that
increasing the training presentations from two to four altered the bal-
ance between implicit and explicit learning processes, potentially dis-
rupting the specific conditions under which rapid fast mapping effects
were previously reported. Additionally, our decision to delay the 3AFC
recognition task until Session 2 deviated from their protocol. These
methodological variations might have affected the encoding and
consolidation processes, potentially masking any FM-specific rapid
integration effects.

To address these methodological discrepancies, we designed Exper-
iment 2 as a closer replication of Coutanche and Thompson-Schill's
original study, while still focusing on phonological stimuli. By reducing
the number of presentations to two and reintroducing the 3AFC task in
Session 1, we brought our methodology more in line with theirs. This
approach allows us to examine whether the discrepancies in our findings
might be related to these specific procedural differences. Additionally,
Experiment 2 serves as an internal replication of Experiment 1, allowing
us to assess the robustness of our findings under slightly different
learning conditions.

Experiment 2: phonological stimuli with two presentations
Method

Participants

Forty-six participants (30 female) took part in this study. Sample size
was determined by participant availability during a fixed teaching se-
mester period. Ages ranged from 18 to 23 years (M = 20.7, SD = 1.4).
Participants were first- and second-year psychology students from the
University of Hull, participating for course credit. They met the same
exclusion criteria as in Experiment 1. The Department of Psychology
Ethics Committee at the University of Hull approved the study.

Stimuli, design, and procedure

Experiment 2 was methodologically identical to Experiment 1 except
for three key changes. We used two repetitions of each word in training,
instead of four, matching Coutanche and Thompson-Schill's design. The
3AFC recognition task was reintroduced in Session 1, following their
protocol, whereas in Experiment 1 this task was delayed until Session 2
to reduce novel word exposure. The Day 7 test session was removed,
aligning with their design and focusing on immediate lexical competi-
tion and overnight consolidation effects while reducing dropout rates.

Due to a script error, the pause detection task omitted the first item,
leaving 11 items per condition instead of 12.

Results

Fig. 3 displays results for all behavioural tasks in Experiment 2.
Familiarity and exclusion

Following the same exclusion criteria as Experiment 1, we excluded
trials involving animals rated with a familiarity score greater than three
from all analyses. One participant from the FM condition was excluded
for rating more than half of the animals with high familiarity scores.
Lexical competition

As in Experiment 1, we excluded trials in which items were rated as
familiar (5.5% of data), trials with incorrect responses (3% of remaining

data), and RTs below 300 ms or above 1500 ms (5.0% of remaining
data). We used the same analysis strategy as Experiment 1, with model
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selection allowing for by-participant random slopes for session and by-
item slopes for competitor acquisition:

RT ~ competitor acquisition * session * encoding condition + (1 + ses-
sion | participant) + (1 + competitor acquisition | item).

Our overall model revealed no significant main effects or in-
teractions. There was no main effect of encoding condition [F(1, 42.2) =
0.77, p = .39], no main effect of session [F(1, 43.3) = 0.88, p = .35], and
no main effect of competitor acquisition [F(1, 22.2) = 0.15,p =.70]. We
observed a marginally significant interaction between session and
competitor acquisition [F(1, 1803.2) = 3.43, p = .064]. The interaction
between encoding condition and competitor acquisition was not sig-
nificant [F(1, 1801.1) = 2.36, p = .13]. There was also no significant
three-way interaction between encoding condition, session, and
competitor acquisition [F(1, 1802.9) = 0.03, p = .85].

On the first day of testing, we again found no significant evidence for
a lexical competition effect. There was no main effect of competitor
acquisition [F(1, 33.7) = 1.333, p = .2565], and no significant interac-
tion between competitor acquisition and encoding [F(1, 1803.2) =
0.908, p = .34].

Similarly, on the second day, we found no evidence for lexical
competition. There was no significant effect of competitor acquisition [F
(1, 33.4) = 0.211, p = .65], and no significant interaction between
competitor acquisition and encoding condition [F(1, 1802.7) = 1.492, p
=.22].

Cued recall

As with Experiment 1, we excluded participants who did not com-
plete the task correctly, resulting in the removal of 5 participants (1 EE,
4 FM).

Using the same model structure as Experiment 1, we found similar
results. Overall recall performance increased from Day 1 to Day 2 [F(1,
40) =5.59, p = .023]. EE training led to higher overall recall [F(1, 40) =
7.92, p < .01]. As shown in Fig. 3 and Table 1, this difference was
slightly larger on the second day, but the interaction was not significant
[F(1, 40) = 1.64, p = .21]. The EE training benefit approached signifi-
cance shortly after learning [t(58.2) = 1.963, p = .055] and was sig-
nificant one day later [t(58.2) = 3.092, p < .01].

3AFC recognition

As in Experiment 1, and as shown in Fig. 3, EE led to improved
recognition memory scores compared to FM encoding. Using the same
model specification, we found significantly better memory for the EE
condition [F(1, 45.0) = 4.97, p = .031], but no significant effect of
session [F(1, 44.2) = 1.84, p = .181], nor an interaction [F(1, 44.2) =
0.00, p = .966]. Planned comparisons showed superior recognition
memory performance on the day of learning [t(58.1) = 2.095, p = .041]
and a day later [t(58.9) = 2.053, p = .045].

Discussion

Across Experiments 1 and 2, we found no evidence that fast mapping
accelerates lexical competition in spoken-word recognition on the day of
learning or after a 24-h delay. Experiment 2 aimed to more closely align
with Coutanche and Thompson-Schill's methodology while maintaining
our focus on phonological forms. Despite reducing the number of pre-
sentations (from 4 to 2) and reintroducing the 3AFC task in Session 1, we
again observed superior explicit memory performance following EE
compared to FM, in both cued recall and recognition tasks. This
advantage persisted across both testing sessions, reinforcing the effec-
tiveness of explicit encoding strategies for declarative memory
formation.

We again found no evidence that FM accelerated lexical integration
compared to EE, with no lexical competition effects observed in either
condition immediately after learning or the following day. Unlike
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Fig. 3. Responses Across All Behavioural Tasks for Experiment 2. Note. Error bars indicate standard errors.

Experiment 1, we found no evidence for lexical competition after a 24-h
delay in either the FM or EE condition. This lack of lexical competition
effects on the second day contrasts with Experiment 1 and suggests that
the reduced number of exposures may have been insufficient to trigger
lexical integration, regardless of encoding method (cf. Sobczak and
Gaskell, 2019). Across both experiments, we found no evidence that
fast mapping accelerates lexical integration for spoken words. This was
the case even in Experiment 2, which more closely aligned with Cou-
tanche and Thompson-Schill's methodology. These results therefore
raise questions about the generalisability of the original orthographic
effect to phonological stimuli. However, given that theories of fast
mapping and lexical integration are not modality-specific, this expla-
nation may not fully account for the divergent results.

The consistent lack of rapid lexical integration effects in our
phonological experiments, contrasting with Coutanche and Thompson-
Schill's findings using orthographic stimuli, highlights the need for a
direct replication of their work. One possibility is that any fast mapping
advantage is confined to orthographic materials or to lexical integration
tests that require semantic decisions, such as semantic categorisation. In

Experiments 1 and 2, our pause detection test required detection of brief
acoustic pauses and did not require access to the trained meanings,
providing a stringent test of form-based competition. Consequently, we
designed Experiment 3 to closely replicate their methodology and
stimuli. This approach serves two critical purposes. First, it allows us to
test the robustness of their reported rapid lexical integration effect
following fast mapping. Second, it provides an opportunity to directly
compare outcomes across modalities within our series of experiments.
This comparison will help determine whether the rapid lexical integra-
tion effect observed in their written word study is reproducible and
specific to orthographic word forms.

Experiment 3: orthographic stimuli
Method
Participants

We tested 82 participants from the University of Hull (67 female),
who took part for course credit and were native English speakers with
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the same exclusion criteria as the previous two studies. Ages ranged
from 18 to 35 years (M = 19.7, SD = 2.3). Sample size was determined
by availability of participants during a fixed time period of two teaching
semesters. The study was approved by the Department of Psychology
Ethics Committee at the University of Hull.

Materials

The experiment closely followed Coutanche and Thompson-Schill's
original study, with modifications to align with Experiments 1 and 2. We
used 12 items rather than the 16 used in Coutanche and Thompson-
Schill, matching our previous experiments. Following Coutanche and
Thompson-Schill, these items were taken from word lists originally
created by Bowers et al. (2005), creating novel words by changing a
single letter of six-letter hermit words to form new pronounceable lex-
ical competitors. Novel words were randomly paired with images and
counterbalanced across two lists.

During training, text was presented on screen (e.g., “Is the tail of
Holmet pointing down?””) below the images in 36-point Arial font, rather
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than auditorily.

Design and procedure

The procedure closely followed Coutanche and Thompson-Schill's
design, with training and testing in the first session and a second test
session approximately 24 h later. Training followed the same FM and EE
structure as Experiments 1 and 2 and matched the original study in using
two presentations per item, differing from the earlier experiments in the
use of orthographic rather than spoken stimuli. After training, partici-
pants completed the same 10-min vocabulary questionnaire filler
described above before testing commenced.

Lexical integration was assessed using Bowers et al.'s (2005) se-
mantic categorisation task, as employed by Coutanche and Thompson-
Schill. Participants judged whether on-screen words referred to man-
made or natural objects using left or right Shift key presses. Words
appeared in the middle of the screen, and response prompts of “man-
made” and “natural” were below and to the left and right, respectively.
Each trial had an 800 ms fixation cross followed by a 3000 ms response
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Fig. 4. Mean Responses Across All Behavioural Tasks for Experiment 3. Note. Error bars indicate standard errors.
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window. Feedback of “Correct!” or “Incorrect” was presented in the
middle of the screen for 1000 ms after each trial. Stimuli included 12
learned hermit words (e.g., “walnut” after learning “walnot”), 12 un-
learned hermit words, and 29 fillers. Item presentation was randomised
per participant, with the first 5 trials always being fillers. Participants
were instructed to respond as quickly and accurately as possible.

Declarative memory testing followed, consisting of oral free recall
(where participants' responses were recorded) and a 3AFC recognition
task. The latter was similar to previous experiments but presented
written stimuli (e.g., “Sleere?”’) below animal pictures. Item order was
randomised per participant. As before, participants rated animal famil-
iarity at the end of the second session.

Results
Familiarity and exclusion

Six participants (4 EE condition, 2 FM condition) were excluded for
having more than half of the unfamiliar animals rated above three. Of
the remaining participants, two did not complete the second session in
the EE condition, and five in the FM condition. As before, we included all
participants in our models. Because of a data recording problem, RTs for
one of the items in one of the two lists were not included. Responses
across all tasks are plotted in Fig. 4.

Lexical competition

The analysis logic mirrored Experiments 1 and 2, but instead
compared responses to former hermit words with new neighbours with
responses to hermit words without new neighbours.

We excluded items rated as familiar (14%), incorrect responses (7%),
and RTs below 300 ms or above 1500 ms (8.4%). As in previous ex-
periments, we used a mixed-effects model. The maximal converging
model included by-participant slopes for session and by-item slopes for
session:

RT ~ competitor acquisition * session * encoding condition + (1 +
session | participant) + (1 + session | item).

Our overall model showed no significant main effect of competitor
acquisition [F(1, 2473.3) = 3.04, p = .081], nor was the interaction
between encoding condition and competitor acquisition significant [F(1,
2477.1) = 0.50, p = .479]. No other interaction was significant. There
was no significant three-way interaction between encoding condition,
session, and competitor acquisition [F(1, 2493.4) = 0.14, p = .707], nor
a significant interaction between session and competitor acquisition [F
(1, 2490.8) = 1.28, p = .258]. There was a significant main effect of
session [F(1, 45.2) = 24.08, p < .001], as reaction times decreased in the
second session. There was a marginal main effect of encoding condition
[F(1, 71.6) = 3.47, p = .067], with FM trials slightly slower overall.

Crucially, on the first day of testing, there was no significant inter-
action between competitor acquisition and encoding [F(1, 2491.0) =
0.596, p = .440]. There was also no main effect of lexical competition
across conditions [F(1, 2490.0) = 0.192, p = .661]. Again, there was a
marginally significant effect of encoding condition [F(1, 74.1) = 3.044,
p = .085], with FM trials slower on average than EE trials.

On the second day, RTs were slightly slower overall for words with a
new competitor, and this effect was statistically significant [F(1,
2476.0) = 4.072, p = .044]." There was no significant main effect of

! As part of the manuscript revision, we reran the analysis pipeline in the
reproducible OSF environment. For the Experiment 3 Day 2 lexical integration
model, buildmer selected a random-effects structure that differed from the
previous analysis. The previous analysis retained a by-item random slope for
competitor acquisition, yielding F(1, 70.4) = 3.713, p = .058. In the repro-
ducible OSF analysis, buildmer selected a model without this by-item slope. We
report this latter model here.
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encoding condition [F(1, 71.0) = 2.455, p = .122], and no significant
interaction between competitor acquisition and encoding condition [F
(1, 2481.2) = 0.055, p = .815].

Free recall

As can be seen in Fig. 4 and Table 1, absolute performance was lower
for free recall than for the cued recall tasks used in Experiments 1 and 2,
which justifies the use of cued recall in those earlier experiments.
Because of the incidence of zero scores (particularly in the FM condi-
tion), a linear model led to non-normally distributed residuals. There-
fore, we used a signed rank transform, which can assist with zero-
inflated data and, by visual inspection, improved the normality of the
model residuals.

With this transformed dependent variable and using the same model
structure as the previous studies, we found a significant main effect of
encoding condition, reflecting better memory in the EE condition [F(1,
79) = 8.07, p < .01], and a significant effect of session [F(1, 79) = 6.94,
p = .01], indicating better performance on the second day. The inter-
action between condition and session was not significant [F(1, 79) =
0.24,p = .63].

Planned comparisons found significantly better recall performance
for the EE condition both on the day of learning [t(115) = 2.764, p <
.01] and a day later [t(115) = 2.331, p = .02].

3AFC recognition

In Experiment 3, as shown in Fig. 4, we again saw a clear recognition-
memory benefit for EE compared with FM. Using the same mixed-effects
model approach as before, we found an overall significant main effect of
encoding condition, reflecting better memory in the EE condition [F(1,
77.9) =11.67, p < .01]. However, we did not find a significant effect of
session [F(1, 72.6) = 0.37, p = .545], nor a significant interaction be-
tween encoding condition and session [F(1, 72.6) = 0.02, p = .894].

Planned comparisons found significantly better recognition memory
performance for the EE condition both on the day of learning [t(129) =
2.820, p < .01] and a day later [t(134) = 2.838, p < .01].

Discussion

Experiment 3 aimed to directly replicate Coutanche and Thompson-
Schill's study using orthographic stimuli, allowing us to compare out-
comes across modalities within our series of experiments. Despite
closely mirroring their methodology, our results diverged from their
original findings.

Contrary to Coutanche and Thompson-Schill's results, we did not
observe evidence of rapid lexical integration following FM. Neither the
FM nor the EE condition showed significant lexical competition effects
immediately after learning. We observed a small delayed lexical
competition effect on Day 2, with slightly slower RTs for words with new
competitors, but no evidence that this effect differed between FM and
EE. Thus, as in Experiments 1 and 2, the critical prediction of greater
lexical competition following FM was not supported.

Consistent with our previous experiments and Coutanche and
Thompson-Schill's findings, EE training led to superior explicit memory
performance compared to FM. This advantage was evident in both free
recall and recognition tasks, persisting across both testing sessions.
These results further reinforce the effectiveness of explicit encoding
strategies for declarative memory formation, regardless of stimulus
modality. Consistent with our previous experiments, free recall perfor-
mance improved in the second session, mirroring the pattern observed
with cued recall in Experiments 1 and 2.

General discussion

Our series of experiments investigated the effects of FM on lexical
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integration, comparing it with EE across both phonological and ortho-
graphic modalities. First, across two auditory experiments (Experiments
1 and 2) we found no evidence that FM accelerates lexical integration:
neither experiment produced lexical competition immediately after
learning, and any competition effects emerged only after a period of
offline consolidation. To our knowledge, this study is the first to directly
test whether fast mapping can induce lexical competition effects prior to
consolidation in spoken-word recognition, a domain with the strongest
existing evidence base of consolidation processes. Second, and contrary
to Coutanche and Thompson-Schill's (2014) original findings, in
Experiment 3 we found no evidence that FM accelerates lexical inte-
gration of written word forms, with no significant differences between
FM and EE in terms of lexical competition. Across all three experiments,
the only consistent difference between FM and EE was superior explicit
memory performance for EE conditions.

These results are consistent with CLS-inspired accounts of word
learning (Davis and Gaskell, 2009; Gaskell, 2024) in which lexical
integration often benefits from offline consolidation. We also found
consistent evidence for better recall following an offline consolidation
period that included sleep. In Experiment 1, using phonological stimuli,
lexical competition effects emerged only after a 24-h delay in both fast
mapping and explicit encoding conditions, and persisted when tested
after seven days. Experiment 2, with fewer presentations, showed no
significant competition effects at any delay, while Experiment 3, closely
replicating the original orthographic paradigm, showed no immediate
competition effect, with a small competition effect emerging only after a
one-day delay. Within an updated complementary learning systems
framework that allows for both rapid and slower consolidation
depending on prior knowledge and schema consistency (McClelland,
2013; Tse et al., 2007, 2011; van Kesteren et al., 2012), these findings
suggest that the particular fast mapping implementations used here did
not engage conditions that would produce accelerated lexical integra-
tion relative to explicit encoding.

Why did delayed competition emerge in Experiment 1 but not
Experiment 2? One possible contributor was the amount of training on
the novel phonological forms. Phoneme-monitoring studies have often
used substantially more presentations (e.g., 36) to elicit reliable lexical
competition following a consolidation period (Dumay and Gaskell,
2007); (Gaskell and Dumay, 2003); (Lindsay and Gaskell, 2013).
Sobczak and Gaskell (2019), comparing phoneme monitoring and im-
plicit Hebb repetition, found no lexical competition following twelve
presentations in either condition, despite better explicit recognition for
the phoneme monitoring group. They attributed the lack of competition
to this low exposure level. When repetitions were increased, however,
competition emerged in the phoneme-monitoring condition. Another
example comes from Walker et al. (2019), who used repeated typing to
teach novel written words and found an increase in lexical competition
from the immediate to the delayed test with 10 and 20 exposures per
word. A separate experiment using five exposures showed no corre-
sponding increase despite evidence of consolidation in explicit memory.
Although our EE task differed from the phoneme-monitoring and
repeated-typing tasks, the exposure effects reported in these studies
suggest that exposure may have contributed to the different delayed
outcomes of our Experiments 1 and 2, which used four and two pre-
sentations, respectively. However, positive same-day FM effects have
been reported after only two or four presentations (Coutanche and
Thompson-Schill, 2014; Li et al., 2026; Senaldi et al., 2026), suggest-
ing that extensive exposure may not be a general requirement. The
delayed competition findings may instead reflect an influence of expo-
sure on offline lexical integration (Sobczak and Gaskell, 2019); (Walker
et al.,, 2019), consistent with broader evidence that sleep-associated
consolidation varies with initial encoding strength (e.g., Denis et al.,
2020).

The absence of reliable competition in Experiment 2, and the rela-
tively small delayed effect in Experiment 3, should also be considered
alongside recognition performance, which was weaker overall in these
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minimal-exposure experiments. Relative to the most directly compara-
ble orthographic studies, recognition in Experiment 3 was lower overall,
particularly in EE, and FM recognition was lower than in Coutanche and
Thompson-Schill's (2014) Experiment 1 and than that reported by
Gurunandan et al. (2023), although it was close to Coutanche and
Thompson-Schill's (2014) Experiment 2. Recognition strength alone
therefore does not fully explain the cross-study pattern, but weaker
initial learning under these minimal-exposure conditions may never-
theless have reduced sensitivity to lexical competition in Experiments 2
and 3. This raises the possibility that greater exposure and better
learning may be needed to detect lexical competition more reliably.
However, because fast mapping is distinctive in part by virtue of mini-
mal exposure, increasing exposure sufficiently to strengthen learning
may move the task away from a prototypical fast mapping procedure.
This creates a tension for tests of FM-based lexical integration. The
relatively modest samples also mean that small differences between fast
mapping and explicit encoding cannot be ruled out, and larger studies
designed to detect such effects reliably would be needed.

As we noted in the Introduction, findings from spoken-word recog-
nition provide particularly strong evidence that lexicalisation often de-
pends on offline consolidation. What has been missing is a direct test of
whether FM can circumvent this consolidation requirement for spoken
words. Our comparison of FM and EE suggests that, under the conditions
tested here, fast mapping does not provide a special route to rapid lexical
integration in this domain. More broadly, the absence of an FM advan-
tage across our three experiments, including the first test with spoken
words, raises questions about the generality and robustness of the FM
advantage. Positive reports exist (e.g., Coutanche & Thompson-Schill,
2014; Li et al., 2026; Qu, 2024; Senaldi et al., 2026; Zaiser et al.,
2022), but other studies, including ours, have found no such advantage.

In parallel with our work, Gurunandan et al. (2023) conducted a
series of experiments investigating the effect of fast mapping training on
orthographic word recognition. Their study included a direct replication
of Coutanche and Thompson-Schill's (2014) experiment, along with two
extensions. Across three studies, with a total of 152 participants in fast
mapping conditions, they consistently found no evidence of significant
same-day lexical competition following fast mapping training. Their first
experiment closely mirrored Coutanche and Thompson-Schill's meth-
odology, while following experiments explored potential moderating
factors such as semantic priming and referent typicality. Their combined
analysis across the three studies provided strong evidence against the
presence of a reliable lexical competition effect on the day of learning.

A further failure to replicate the FM advantage comes from
Coutanche and Koch (2017). Their study included FM and EE conditions
in a single-session experiment. While their methods closely mirrored the
original Coutanche and Thompson-Schill study, they introduced a
manipulation of typicality in the FM condition, using high or low typi-
cality ratings of real animals (e.g., “sparrow” vs. “penguin” for birds) as
foils. They found significantly poorer declarative memory for FM
compared to EE training, consistent with our results. However, they did
not report comparisons of lexical integration effects across conditions,
which we interpret as a failure to replicate the key finding of immediate
lexical integration in FM. The descriptive statistics for the FM condition
(calculated from their Table 3) indicate a small facilitation effect of 2.5
ms, suggestive of the lack of a significant difference. Instead, their an-
alyses focused on questionnaire responses, subgroup analyses, and the
typicality manipulation. Intriguingly, they found an integration effect
only for participants with high self-reported semantic memory who were
exposed to high-typicality comparison animals in FM training. While
these exploratory analyses are interesting, they warrant replication to
confirm their reliability and generalisability.

In another study, McGregor et al. (2020) attempted to replicate the
purported FM advantage, closely following the design of Coutanche and
Thompson-Schill (2014) but with a small number of modifications: they
increased the number of items from 16 to 24, doubled the number of
exposures from 2 to 4, and employed a within-participants design. In this
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design, participants completed training and testing for one condition
before moving on to the other condition within a single session. They
compared 24 adults with developmental language disorder and 24
adults with typical language development. They did not find a signifi-
cant lexical competition effect in the FM or EE condition, or a difference
between them. Given the within-participants design, counterbalancing
meant the FM condition was no longer truly implicit when it came
second, as participants had already experienced explicit learning in the
EE condition. However, even when analysing only those participants
who completed the FM condition first (when learning would be genu-
inely implicit but with lower statistical power), no competition effects
were detected.

As mentioned in the Introduction, alongside these null findings a
number of studies have reported rapid effects after training based on fast
mapping. Qu (2024), working with Mandarin-speaking university EFL
learners, taught eight English action verbs from short videos and then
used an orthographic competition task requiring abstract versus con-
crete judgements. On the immediate test, participants in the fast map-
ping condition showed larger slowdowns for base words with newly
learned competitors, and semantic priming effects, than those in the
explicit encoding condition, but after approximately 24 h competition
and priming were present in both conditions and the between-condition
difference was no longer reliable. Zaiser et al. (2022) also reported
same-day effects in German, creating novel neighbours of existing words
and assessing learning with both a semantic categorisation task and a
semantic priming task. They manipulated the degree of featural overlap
between the novel items and the familiar animals presented during fast
mapping training, for example pairing a novel bird with either a real
bird (high overlap) or an artefact (low overlap). In their semantic cat-
egorisation task, they observed immediate lexical competition following
fast mapping training, with no modulation by feature overlap, while in
their priming task they found immediate semantic priming only in the
high overlap condition.

This pattern can be related to recent complementary learning sys-
tems proposals in which schema-consistent information can be incor-
porated more rapidly into cortical networks (Gaskell, 2024; McClelland,
2013; Tse et al., 2007; van Kesteren et al., 2012). However, Zaiser et al.
did not include an explicit encoding control condition, so it is unclear
whether any fast-mapping-specific aspect of their training was critical,
and comparable Day 1 orthographic competition effects have been re-
ported in paradigms that do not use fast mapping at all (Walker et al.,
2019). Qu (2024) and Li et al. (2026), by contrast, included EE com-
parisons and reported immediate FM advantages, while Senaldi et al.
(2026) reported competition effects that varied across learning condi-
tions and item and participant characteristics. The literature therefore
includes reports of rapid integration after FM as well as immediate FM
advantages over EE in some designs, but it remains unclear when the
latter occurs reliably. From the perspective of updated complementary
learning systems accounts, some of these findings may reflect cases
where the new information is highly consistent with existing schemas.
Similarly, Antony et al. (2017) propose that active retrieval can accel-
erate memory consolidation and explicitly link this account to fast
mapping, arguing that both may involve active inference and knowledge
activation. This account therefore identifies a possible mechanism
through which fast mapping could reduce reliance on later offline
consolidation. However, the fast mapping procedures tested here did not
produce robust, form-based competition advantages relative to explicit
encoding.

Zaiser et al.'s (2022) observation that semantic priming emerged
only under high featural overlap could be incorporated into recent
versions of the CLS model of word learning (Gaskell, 2024). This
framework suggests that the high-overlap condition facilitated schema-
consistent learning; such learning is proposed within CLS theory (e.g.,
McClelland, 2013; Tse et al., 2007; van Kesteren et al., 2012) to integrate
more rapidly into cortical networks, potentially bypassing the typical
consolidation delay for arbitrary associations. However, we interpret
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Zaiser et al.'s findings cautiously, given that no EE control was included,
and comparable Day 1 orthographic lexical competition effects have
been reported on the first day of testing with non-FM training (Walker
et al., 2019).

The positive reports described above (e.g., Qu, 2024; Zaiser et al.,
2022) concern lexical competition observed on the day of learning.
Related findings have examined differences in retention and neural
indices rather than immediate form-based competition. Behavioural
studies report that memory following FM can remain stable across sleep
and over extended delays, whereas EE often shows higher immediate
performance that subsequently declines (Chen et al., 2023; Himmer
et al., 2017; Li et al., 2020). Neurophysiological work has also found
rapid cortical changes after fast mapping for spoken words, with early
left anterior temporal activity differentiating FM from EE (Shtyrov et al.,
2021, 2022). These outcomes speak to durability and neural imple-
mentation and are compatible with the idea that fast mapping can in-
fluence consolidation trajectories, but they do not demonstrate that FM
accelerates lexical competition of word forms relative to EE.

When interpreting divergent outcomes in this literature, it is
important to be clear about the theoretical claim under examination. In
the case of FM, we take the critical claim to be that, under matched
exposure, FM produces a larger lexical competition effect than EE on the
day of learning, before there has been an opportunity for overnight
consolidation. Establishing such an acceleration effect therefore requires
a within-study comparison between FM and a suitable control condition
(e.g., EE). Studies reporting only an FM condition with same-day
competition or priming (e.g., Zaiser et al., 2022) demonstrate that
rapid integration is possible, but they do not demonstrate that fast
mapping accelerates lexical competition of word forms relative to
explicit encoding.

With this criterion in mind, our experiments contribute in two
distinct ways. Experiments 1 and 2 extended the original orthographic
fast mapping paradigm to spoken input and to a form-based test of
lexical competition (pause detection) that does not require semantic
categorisation. This provides a particularly stringent assessment of
whether fast mapping accelerates lexical engagement at the level of
word form. The absence of any FM advantage over EE encoding in same-
day competition in these spoken-word studies constrains the generality
of the accelerated integration claim, but divergence across modalities
and test demands does not, by itself, cast doubt on the reproducibility of
the original orthographic effect. By contrast, Experiment 3, Gurunandan
et al.'s (2023) Experiment 1, and Coutanche and Koch (2017) closely
followed the original orthographic paradigm and therefore provide
direct tests of its reproducibility. None reported a reliable overall FM
advantage in lexical competition.

Although studies using varied procedures have reported findings
consistent with rapid lexical integration following FM, the sources of
inconsistency across studies remain unclear. Possible moderators
include the use of orthographic materials or lexical integration tests
requiring meaning judgements, a high degree of featural overlap be-
tween novel and comparison concepts (Zaiser et al., 2022), low typi-
cality of novel concepts or participants' self-reported semantic memory
(Coutanche & Koch, 2017), and the interactions involving base-word
frequency and language experience reported by Senaldi et al. (2026).
Additionally, methodological details such as training modality, item
characteristics, and task ordering could influence results. The explana-
tory value of these proposed moderators depends on whether prospec-
tive tests show that they predict when the effect emerges. An effect that
depends on a narrow set of conditions would also have more limited
generality and real-world significance. Questions about robustness and
generality are particularly important given that foundational studies
suggesting rapid cortical learning via FM, such as Sharon et al. (2011),
which partly inspired the Coutanche and Thompson-Schill approach,
have themselves faced significant replication challenges, especially
regarding robust learning independent of the hippocampus (see Cooper
etal., 2019). Alternatively, FM training may produce a small but reliable
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effect on lexical integration, and close replications of the original
finding, such as our Experiment 3, may have lacked sufficient power to
detect it. However, if the effect is so small that it requires very large
samples to detect, its theoretical implications and practical relevance
may again be limited.

While these empirical challenges are significant, they may reflect a
more fundamental issue. Fast mapping is typically framed as a mecha-
nism for establishing word-referent mappings and supporting semantic
learning. By contrast, the key dependent variable in lexical competition
paradigms is integration of the novel word form into the competition
dynamics of the lexicon. Coutanche and Thompson-Schill (2014) sug-
gested that presenting a same-category foil may recruit rapid neocortical
learning to avoid catastrophic interference, potentially supporting faster
integration. However, it remains unclear why this training should
selectively accelerate the integration of phonological or orthographic
forms into form-based lexical competition.

Consistent with the lack of a clear account of how semantic learning
would accelerate form-based lexicalisation, evidence that providing
meanings produces such an advantage is mixed. Dumay et al. (2004)
found that adding semantics did not influence the emergence of
competition, which appeared only on the second day of testing for novel
phonological forms. Takashima et al. (2014) likewise observed pause
detection competition effects only after a delay, and only for word forms
trained without explicit semantic information. These results suggest that
semantic enrichment does not reliably speed the emergence of form-
based competition, and they support treating claims of rapid form
integration following fast mapping with caution.

Given the lack of a clear explanation for how FM training might
accelerate lexical form integration, tests of semantic integration may be
more theoretically motivated. In Coutanche and Thompson-Schill
(2014), semantic priming emerged only in the FM condition on the
second day, but the priming manipulation was confounded with cate-
gory membership (related items were animals; unrelated items were
artefacts), leaving open the possibility of baseline category differences.
Zaiser et al. (2022) reported immediate semantic priming following FM
training, but only when the novel item and the known comparison item
shared high feature overlap, suggesting that any semantic integration
advantage may be contingent on overlap with existing conceptual
structure. Computational modelling likewise suggests more rapid word-
to-meaning mapping under FM conditions when pre-existing phono-
logical and conceptual representations can be linked to the new item
(Constant et al., 2023). Empirically, several studies have reported rapid
integration following FM, including immediate advantages over EE in
some designs, whereas close orthographic replications have not consis-
tently reproduced the original advantage. The conditions under which
an FM advantage in form integration emerges therefore remain unclear.
More specific effects on semantic integration may occur under particular
conditions, but their reliability and boundary conditions remain un-
certain. Future work should test semantic integration using fully coun-
terbalanced designs that include an explicit encoding control to
determine the conditions under which fast mapping alters the time
course of meaning integration.

In conclusion, Experiments 1 and 2 tested whether the purported
rapid lexical integration benefits of fast mapping generalise to spoken-
word recognition, using a pause detection measure of lexical competi-
tion that does not require semantic categorisation. Across both experi-
ments, we found no evidence that fast mapping produced a larger lexical
competition effect than explicit encoding on the day of learning, and any
evidence of competition emerged, at most, only after an overnight delay.
This pattern suggests that, under the conditions tested here, fast map-
ping does not provide a general shortcut to rapid integration of spoken
word forms into the lexical competition system. One interpretation is
that any fast mapping advantage, if it exists, may be restricted to
orthographic materials and/or to meaning-based tests of lexical
engagement. Experiment 3, a direct replication of the original ortho-
graphic paradigm, likewise failed to show a reliable fast mapping
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advantage in same-day lexical competition. Across all three experi-
ments, explicit encoding yielded superior declarative memory for the
novel labels, reinforcing the efficiency of intentional learning strategies
for explicit retention. Our findings align more naturally with
consolidation-dependent accounts of lexical integration than with the
claim that fast mapping reliably accelerates form-based lexical compe-
tition relative to explicit encoding.
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