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Abstract

Both classic thought experiments and recent empirical evidence suggest that children frequently
encounter new words whose meanings are underdetermined by the extralinguistic contexts in which
they occur. The role that these referentially ambiguous events play in children’s word learning is
central to ongoing debates in the field. Do children learn words from referentially ambiguous events
via an incremental learning process? Or, do children learn words primarily from the rare referentially
transparent events they experience? Across two experiments with adults as model word learners, the
current work asks whether the answer to these questions depends in part on how word learning is
assessed. Participants were asked to learn the meanings of novel words solely from their referentially
ambiguous contexts. When learning was assessed by asking participants to identify the exact meanings
of those novel words, participants struggled mightily. However, when learning was assessed by asking
the same participants to identify which of two new contexts the novel word most likely occurred in,
even those who failed the exact meaning assessment succeeded. These data suggest that although
referentially ambiguous events may fall short in allowing learners to identify a word’s exact meaning,
they nevertheless lead learners into the right regions of semantic space. These findings are a reminder
of the pervasiveness of partial word learning effects in vocabulary acquisition and highlight that the
resolution to the debate over the role of referentially ambiguous events in learning may depend on
how learning is defined.
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1. Introduction

Young children encounter new words in a wide variety of situations. Sometimes, these
situations render the words’ meanings transparent by virtue of the extralinguistic context.
For example, if a parent uttered to their toddler, “Would you like this apple” as they handed
them an apple, there is relatively little ambiguity as to what the word “apple” refers to. Often,
however, this is not the case. For example, imagine a parent uttering to their toddler, “Let’s not
forget to buy apples” as they entered the produce section of a grocery store. In this scenario,
there is much more ambiguity as to what the word “apple” refers to: It could refer to any
one of the many fruits or vegetables on display, it could refer to a superordinate category
term (e.g., “fruit”), or it could even refer to something that is not on display. Most word
learning scholars agree that highly referentially transparent events, like the one depicted in
the first scenario, can do a lot to boost learning (Cartmill et al., 2013; Horst & Samuelson,
2008; Tamis-LeMonda, Kuchirko, & Song, 2014; Yu & Smith, 2012b). There is much less
agreement, however, on the part that referentially ambiguous events, like the one depicted in
the second example, play in the learning process. Whereas some have argued that referentially
ambiguous events do contribute to word learning (Yu & Smith, 2007; Yurovsky, Smith, & Yu,
2013; Zhang, Yurovsky, & Yu, 2021), others have questioned whether they move the learning
needle at all (Gleitman & Trueswell, 2020; Medina, Snedeker, Trueswell, & Gleitman, 2011;
Trueswell et al., 2016).

The current study asks whether the contributions of referentially ambiguous events to word
learning depend in part on how word learning is defined. That is, if the definition of learning
is constrained to mapping words onto their precise meanings, then perhaps referentially
ambiguous events, as some have shown (Medina et al., 2011; LaTourrette et al., 2022), may
indeed fall short in contributing to this process. Importantly however, many have argued, and
demonstrated empirically, that learning the meaning of a word is often not an all-or-none pro-
cess (Carey, 2010; Clark, 2023; Durso & Shore, 1991; Yurovsky, Fricker, Yu, & Smith, 2014)
and that it is not uncommon for word learners of all ages to know some aspects of a word’s
meaning without knowing its exact meaning (Ameel, Malt, & Storms, 2008; Hendrickson,
Mitsven, Poulin-Dubois, Zesiger, & Friend, 2015; Kominsky & Keil, 2014; Lo, Rosslund,
Chai, Mayor, & Kartushina, 2021). Motivated by such demonstrations of partial word
knowledge during vocabulary acquisition, the current study revisits the role that referentially
ambiguous naming events play in word learning by probing the nature of learners’ knowledge
when they fail to acquire a word’s precise meaning from those events. Of particular interest
is whether referentially ambiguous events equip learners with partial information that lands
them in the correct regions of semantic space even when it does not get them to the correct
coordinates within that space. Returning to the referentially ambiguous event illustrated in
the previous paragraph, although that hypothetical toddler might struggle to figure out exactly
to what the word “apple” refers, they might nevertheless gain valuable knowledge like that
apples are likely a type of food, perhaps even a type of produce, and likely something one
can find in a grocery store. This is the type of partial word learning probed in the current
study.
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1.1. Word learning from referential ambiguity naming events

Referentially ambiguous naming events and their place in early word learning have been
of central interest to language development researchers for over 50 years (see MacNamara,
1972). Early research on this topic focused largely on the fact that all naming events are
ambiguous to some extent (for discussion, see Swingley, 2010). That is, as many word learn-
ing experimentalists have pointed out over the years, even in the seemingly referentially
transparent event mentioned above, the child must still figure out that the word “apple” goes
with the meaning apple and not with the meanings fruit, red delicious, stem, apple slice, and
the myriad other candidate meanings. Over the years, countless experimental studies were
devoted to understanding how there could be rampant ambiguity in the input on the one hand
and rapid vocabulary growth in children on the other. What this work revealed is that chil-
dren possess an arsenal of conceptual, linguistic, and socio-cognitive tools that allow them
to interpret naming events fairly accurately at the moment those events are encountered (for
reviews, see Bloom, 2000; Golinkoff & Hirsh-Pasek, 2000; Woodward & Markman, 1998).

In more recent years, researchers have expanded their focus to not only how children over-
come the ambiguity present in fairly simple naming events (i.e., the parent saying “apple”
while handing the toddler an apple) but also how children overcome the ambiguity in more
complex events (i.e., the parent saying “apple” in the produce section with many candi-
date referents). One proposal is that children could overcome that ambiguity across multiple
encounters with that word. That is, as long as words co-occur more frequently with their ref-
erents than with the referents of other words, then a learner capable of tracking word-referent
co-occurrence statistics could learn from individually ambiguous naming events. In a pair of
foundational experiments, Yu and Smith asked whether adult and infant learners are capable
of such cross-situational statistical word learning (Smith & Yu, 2008; Yu & Smith, 2007).
In these studies, participants were presented with naming events where they heard multi-
ple words and saw multiple objects. Importantly, each individual event was ambiguous in
that there was no information that was revealing as to which words went with which objects.
Across events, however, word—object pairs reappeared in different configurations (e.g., word—
object pair “a-A” might co-occur with word—object pair “b-B” on Trial 1 but with word—object
pair “c-C” on Trial 5). As a result, although there was referential ambiguity within events,
there was referential coherence across events. What Yu and Smith found, as well as many
others since, is that a wide range of learners, including infants, young children, and adults,
can learn words reliably from this type of ambiguous input (for reviews of this literature, see
Roembke, Simonetti, Koch, & Philipp, 2023; Smith, Suanda, & Yu, 2014; Zhang, Chen, &
Yu, 2019).

1.2. The challenge of real-world referential ambiguity

Importantly, much of the work on word learning from referentially ambiguous events
comes from highly simplified laboratory experiments. As a result, the relevance of these
findings to everyday learning experiences and to real-world levels of ambiguity has been
called into question (Gleitman & Trueswell, 2020; Medina et al., 2011). In one set of studies
employing a methodology known as the Human Simulation Paradigm, Medina et al. (2011)
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asked whether even mature adult learners were capable of identifying word meanings from
everyday referentially ambiguous naming events. In their study, Medina and colleagues
captured audio-visual recordings of caregiver—child interactions and then created short
video vignettes around the moments in which caregivers uttered target words of interest
(e.g., “ball”). These vignettes were edited to be muted except for a beep that was inserted
at the precise moment the target word was uttered. The researchers then presented these
vignettes to naive adult observers, asking them to guess the identity of the target word.
One of the striking findings from this study was the degree to which even adults, with
their mature cognitive and socio-communicative understanding, struggled to identify the
correct word. That is, even for common nouns, only 17% of observers correctly identified
the target word (see also Trueswell et al., 2016). Moreover, in a critical follow-up study with
a cross-situational design, Medina and colleagues found that providing participants with a
set of multiple referentially ambiguous vignettes belonging to the same target word did not
improve their word identification performance. Word identification was only improved when
a referentially transparent vignette was included in the set. Together, Medina and colleagues’
findings (see also LaTourrette et al., 2022) suggest a very different perspective on the role
referentially ambiguous events play in word learning. Namely, that their contribution to
learning is minimal and that much of word learning takes place not from aggregating across
referentially ambiguous events but rather from rapidly learning via the few referentially
transparent naming events that children do encounter (see Gleitman & Trueswell, 2020).

1.3. The debate over learning from referentially ambiguous events

Medina and colleagues’ study by no means settled the debate over whether referentially
ambiguous events contribute to learning. In one notable follow-up, Yurovsky and colleagues
asked whether the perspective from which referentially ambiguous events are viewed affects
our estimates of their contributions to learning. In their study, audio-visual recordings of nam-
ing events were captured from both a third-person perspective, as had been done by Medina
and colleagues, and a first-person perspective, via toddler-worn head-mounted cameras (see
Smith, Jayaraman, Clerkin, & Yu, 2018; Smith, Yu, & Pereira, 2011; Yoshida & Smith, 2008).
In a study modeled after Medina and colleagues’ cross-situational learning study, Yurovsky
and colleagues asked adult learners to identify the target referent shared by a series of refer-
entially ambiguous naming event vignettes. Critically, participants were presented either with
referentially ambiguous third-person perspective vignettes or referentially ambiguous first-
person perspective vignettes. What Yurovsky and colleagues found was that whereas learning
from third-person perspective vignettes did not improve cross-situationally, learning from
first-person perspective vignettes did (Yurovsky et al., 2013). These results suggest the possi-
bility that not all forms of referential ambiguity are created equal and that ambiguous naming
events when viewed from the first-person learner’s perspective can contribute to successful
word learning (see also Zhang et al., 2021).

1.4. The motivation behind the current study

Like Yurovsky and colleagues’ work, the current study seeks to deepen our understand-
ing of the role that referentially ambiguous naming events play in word learning. In contrast,
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however, to Yurovsky and colleagues’ focus on the input side of the learning equation (i.e., the
visual perspective from which referentially ambiguous events are viewed), the current work
focuses on the output side of the equation or on how learning is assessed and defined. That
is, in Medina and colleagues’ Human Simulation Paradigm study that demonstrated minimal
learning via referentially ambiguous events, the key dependent measure of learning was the
extent to which learners successfully guessed the exact identity of the word (see also Cartmill
et al., 2013; Gillette, Gleitman, Gleitman, & Lederer, 1999; Snedeker & Gleitman, 2004).
For example, had the novel word “vash” been paired with a series of referentially ambiguous
vignettes in which the caregivers had uttered the word “apple,” then participants were only
considered to have learned the word “vash” if they guessed that this word meant the word
“apple”; had participants guessed semantically related words (e.g., “pear,” “fruit,” “tree,”
“food,” etc.), they would not have been credited with learning. There is certainly validity to
employing this stringent metric of learning because, after all, the word “apple” does not mean
pear, fruit, tree, or other apple-adjacent meanings. However, this stringent metric of learning
does not take into account two important details about everyday word learning and how it is
assessed. First, infants, toddlers, children, and even adults, often go through extended stages
of partial or fragmented word knowledge in which they know some aspects of a word’s mean-
ing while falling short of knowing the word’s “full” meaning (Ameel et al., 2008; Hendrickson
etal., 2015; Kominsky & Keil, 2014; Lo et al., 2021; O’Rear, McNeil, & Kirkland, 2020; Till-
man & Barner, 2015; Wagner, Dobkins, & Barner, 2013). For example, Ameel et al. (2008)
have shown that the meanings of even some “early-learned” common nouns like “bottle” do
not converge onto adult-like meanings until early adolescence. Thus, one possibility is that
referentially ambiguous events contribute to word learning by shaping partial and imperfect
word knowledge without being the key ingredient that propels learners to full word knowl-
edge. Second, and importantly, if one considers the common methods by which clinicians
and researchers credit children for knowing a word (e.g., parent report checklists, preferential
looking tasks, word prompt picture selection tasks), these methods have a much less strin-
gent threshold for success than Medina and colleagues’ exact meaning threshold. Indeed, as
Bloom once noted, the more common perspective in the field is that children have learned a
word “when they have a rough idea [emphasis added] as to what the word refers to” (Bloom,
2001, p. 1129). Thus, to the extent that partial word knowledge, at least in many contexts, is
what is meant by “word learning,” then if referentially ambiguous events lead to such knowl-
edge, it should follow that they be taken seriously as valuable contributors to word learning.

1.5. Current study overview

The two experiments below test the idea that referentially ambiguous naming events are
sufficient to yield valuable partial word knowledge. In both experiments, adult word learners
were asked to identify the meanings of novel words (e.g., “blicket”) from a series of referen-
tially ambiguous naming events involving those words. Their learning of these novel words
was assessed in two ways. First, learning was assessed via a word identity test that tapped
into whether learners successfully identified the exact meaning of those novel words (each
novel word’s meaning corresponded to the meaning of an English word like “apple”). Second,
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@) (b)

Type in the NOUN you think :]
fits best on this page

Fig. 1. Sample referentially ambiguous vignette.

Note. This figure depicts a sample referentially ambiguous event for the target noun “dog” (a) along with how that
vignette appeared in the norming study (b). Due to copyright issues, we are unable to depict the actual stimuli used
in this study. This scene, which is representative of the ambiguity level of the vignettes used in this study, comes
from Frederick Warne’s “The Children’s Object Book,” which is in the public domain (see Frederick Warne, n.d.).

learning was also assessed via a two-alternative forced choice (2AFC) test in which learners
simply had to indicate which of two previously unseen naming events more likely involved
the novel word. This dual assessment allowed us to test the idea that although a word’s ref-
erentially ambiguous naming events may be insufficiently informative to lead learners to that
word’s exact meaning, these events may nevertheless be sufficient to lead learners to the right
semantic ballpark. That is, although referentially ambiguous scenes of the word “apple” may
not saliently depict the meaning apple, they may nevertheless depict a set of contexts (e.g.,
stores, kitchens, orchards), objects (e.g., foods, bowls, trees), or activities (e.g., meals, pic-
nics, shopping) that help sketch the broader semantic space in which apple resides. If this idea
is correct, then even participants who fail in the word identity assessment that requires exact
knowledge of word meaning might succeed at the 2AFC assessment that requires only par-
tial knowledge of word meaning. This is the key hypothesis tested in these two experiments,
which differ only in the level of referential ambiguity in the naming events that learners faced.

2. Experiment 1

Experiment 1 served as an initial test of whether referentially ambiguous naming events
could support the learning of partial word knowledge. In this experiment, adult learners saw a
series of referentially ambiguous vignettes belonging to an English word (e.g., “apple”). The
vignettes were pages, edited to be textless, of children’s picture books in which the English
word had originally appeared in the page’s text (see Fig. 1a). Importantly, each vignette had
been determined via prior norming to be referentially ambiguous. It is worth briefly noting
here that the use of picture book vignettes is a departure from previous research that has
utilized video-based vignettes (see Medina et al., 2011; Yurovsky et al., 2013; Zhang et al.,
2021). Although we discuss the implications of this methodological choice in more detail in
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the General Discussion, it is important to keep in mind that picture books, and the words
within them, do represent a type of real-world language input for many children (Horst &
Houston-Price, 2015; Montag, Jones, & Smith, 2015; Nation, Dawson, & Hsiao, 2022). The
referentially ambiguous vignettes were paired with novel words (e.g., “blicket”) and partici-
pants’ task was to learn the meanings of those words.

In a series of test trials, participants were first asked to guess the English word that corre-
sponded to that novel word. Participants were then asked to choose which of two previously
unseen vignettes (one of which had also contained the novel word’s English translation in its
original text) was more likely to contain the novel word. For example, had the novel word
“blicket” corresponded to the English word “apple,” participants were asked to select which
of two scenes most likely contained the novel word “blicket”: a new scene that had contained
the word “apple” in its original text or a new scene that had not contained “apple” in its orig-
inal text. We hypothesized that like Medina et al. (2011) participants, adult learners in this
study would struggle in the exact meaning word identity assessment. Of particular interest,
however, is whether this exact meaning assessment masks partial word knowledge that learn-
ers can successfully extract from referentially ambiguous events. Thus, the primary analyses
of interest in this study are whether participants who failed in the word identity assessment
nevertheless succeeded in the alternative forced choice assessment.

2.1. Methods

2.1.1. Farticipants

Using G*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007), an a priori power analysis
was conducted to determine the required sample size to detect a near-moderate effect size
for a one-tailed single-samples #-test (our primary analyses of interest entail comparisons to
a chance baseline) at an alpha-level of .01 and with a power of 80%. The effect size was
derived from the findings of a small pilot study (N = 16) using the same design. The power
analysis determined the required sample size to be 51 participants. This estimate was then
increased to 60 subjects to account for: (1) the possibility that a percentage of participants
would perform at ceiling on the Free-Response tests and thus be excluded from the key partial
learning analyses of interest; (2) the fact that power analyses based on pilot data tend to
underestimate required sample sizes (Albers & Lakens, 2018); and (3) to allow for equal
number of participants across experimental lists (see Procedure below).

Participants were 60 adults (28 female, 27 male, five other/unknown; M,,. = 28 years,
SD,ge = 3.86) recruited from the United States and the United Kingdom through the online
subject pool Prolific (www.prolific.co). Participants self-identified as (multiple selections per-
mitted): Asian (7), Black (4), White (46), multiracial (3), or other (2); three participants iden-
tified as Hispanic/Latinx. Although all instructions were in written English, participants were
not required to be native English speakers (19 reported speaking another language in addition
to English). Participants completed the study online via the Gorilla platform (Anwyl-Irvine
et al., 2020). Participants were required to use a desktop computer or laptop and not a mobile
device to participate. Participants received $5 for completing the study. All experimental pro-
cedures were approved by the University of Connecticut Institutional Review Board.
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2.1.2. Stimuli

2.1.2.1. Target nouns and vignettes: 'The stimuli for this study were picture vignettes of
eight target nouns known to be acquired early by English-learning children (Frank, Bragin-
sky, Yurovsky, & Marchman, 2017): “apple,” “bird,” “book,” “dog,” “door,” “flower,” “hat,”
and “shoe.” For each target noun, 12 vignettes were created from scenes in published chil-
dren’s picture books that had contained that noun in their original text. Three criteria guided
the selection of the target vignettes. First, each vignette for a given target noun came from a
unique book (i.e., each book contributed a maximum of one vignette per target noun'). Sec-
ond, each vignette had a depiction of the referent somewhere in the scene (i.e., no instances
of absent reference). Finally, all vignettes had been determined to be high in their referen-
tial ambiguity via prior norming studies (see Target Vignette Norming below). Each vignette
was created by scanning picture book pages and then editing them so as to remove all of the
text on the page (see Fig. 1a). The picture books used as source material for the vignettes
included a mixture of classic and current picture books geared toward young children (book
and stimulus details are described in more detail at the OSF site associated with this project:
https://osf.io/xgwza/).

2.1.2.2. Target vignette norming: Because the focus of this work was to examine learning
from referentially ambiguous naming events, a critical first step was to establish the ambiguity
level of the target vignettes. Thus, all target vignettes were included in a series of norming
studies designed closely after previous experiments assessing the referential ambiguity of
naming events in child-directed speech (see Experiment I in Medina et al., 2011; Experiment
1 in Yurovsky et al., 2013). In our norming studies, participants were shown between 20
and 40 noun vignettes one at a time, with each vignette coming from a unique picture book
and belonging to a different noun (i.e., a different noun was the correct answer for each
vignette; more nouns than the current eight target nouns were part of the norming studies). For
each vignette, participants were asked to type in a noun they thought “fits best on this page”
(see Fig. 1b). Each vignette was rated by 16 different norming study participants. Vignette
referential ambiguity was measured as the proportion of participants who guessed the correct
noun. As in Medina et al. (2011; see also Gillette et al., 1999), guesses were coded as correct
if they were an exact match with the correct noun or if they shared the same root morpheme
as the correct noun but differed in grammatical number (e.g., “books” for “book”) or included
a diminutive suffix (e.g., “doggy” for “dog”). Following Medina and colleagues, vignettes for
which fewer than 0.33 participants guessed the correct noun were classified as “referentially
ambiguous” (Medina and colleagues used the term “low informative”). The mean ambiguity
of the target vignettes used in this study was 0.04 (SD = 0.08, Range = 0-0.31).

2.1.2.3. Distractor vignettes: For the purposes of the 2AFC test (see Experimental
Design), distractor vignettes were created to be paired with each target vignette. Distrac-
tor vignettes were randomly selected scenes from children’s picture books that matched the
target age range (within 0.5 years of the median) of those from which its target vignette pair
was selected. Although distractor vignettes were not permitted to contain the target noun in
their original fext, distractor vignettes were permitted to contain the target noun’s referent in
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Which of these pages is more likely to
contain the word DAXEN ?

In the space below, type the English noun
you think “DAXEN" is:

T

e
-y
T ores

&
K

Fig. 2. Schematic of experimental design and examples of trials.

Note. This figure depicts the structure of the experimental design (Panel a; L: learning phase; T test phase; fc: 2-
alternative forced choice trial; wi: Word Identity trial), a sequence of five learning phase trials (Panel b), a sample
2-Alternative forced choice test trial (Panel c), and a sample Word Identity test trial (Panel d). Due to copyright
issues, we are unable to depict the actual stimuli used in the current study. These scenes were selected to depict the
ambiguity and visual complexity levels of the vignettes used in the current study. These scenes come from books
either in the public domain or released under CC BY 4.0 license (see Harris, 1862; Caldecott, Evans, & Dobson,
1887; Frederick Warne, n.d., Hopkins, 1919; Mcloughlin Bro’s, 1888; Nayar & Verulkar, 2018).

the scene.” Distractor vignettes were created using the same procedures described above for
creating the target vignettes.

2.1.3. Experimental design

The experimental design was a blocked design with eight blocks, one per target noun (see
Fig. 2a). Each target noun was assigned a disyllabic novel word that followed English phono-
tactic rules (“bemkin,” “corwit,” “daxen,” “foppick,” “hiplex,” “renkle,” “seebow,” “tanzer”).
Each block consisted of a learning phase followed by a testing phase. During the learn-
ing phase, participants were shown nine target vignettes one at a time. Each target vignette
appeared centered on the screen with its novel word printed above it (Fig. 2b). The vignette
and word remained on the screen for 3000 ms before the message “Press spacebar to con-
tinue” appeared below the vignette. The learning phase was self-paced, and the vignettes
remained on the screen until the participants pressed the spacebar. The test phase immedi-
ately followed the nine learning trials and consisted of three pairs of trials. Each trial pair
included two tests. The first test was a 2AFC trial in which participants were presented with
two vignettes: a new target vignette (one they had not seen during the learning phase) and a
distractor vignette placed side by side (see Fig. 2¢). Participants’ task in the 2AFC trial was to
choose which vignette was more likely to contain the novel word. The second test in each trial
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pair immediately followed the 2AFC test and was a Word Identity (WI) free response test in
which participants were asked to guess the English noun that the novel word represented (see
Fig. 2d).? The 2AFC-WI trial structure was carried out three times in total per target noun,
each with a new target and distractor vignette that had not been seen during the learning phase
or in previous test trials. Participants were not given any feedback on any of the 2AFC or WI
test trials. Because participants completed eight blocks (one per target noun), each participant
contributed a total of 24 2AFC and 24 WI test trials. Thus, participants completed the full
sequence of three 2AFC-WI trial pairs regardless of whether they guessed correctly in any of
the WI trials in the sequence.

2.1.4. Procedure

Prior to the experiment, participants provided consent and completed a brief demographics
questionnaire. Participants were then informed that they would see pages from children’s
picture books with their text removed, paired with a novel word representing a noun that had
originally appeared in the text. Participants were told that their task was to figure out the
English noun represented by the novel word. To familiarize participants to the task, they first
completed three practice blocks consisting of four learning trials and three test trial pairs. The
practice blocks used novel words (“habble,” “modi,” “tema”) and target vignettes belonging
to English nouns (“cow,” “car,” and “cake”) that were not used in the experiment proper.
After each practice block, participants were shown the correct answers for each 2AFC and
WI practice test trial. The first experiment block started immediately after the three practice
sets. Unlike the practice blocks, participants were not told the correct answers following the
experiment blocks.

Participants were randomly assigned to one of four experimental lists that differed only
in which vignettes served as learning phase vignettes versus testing phase vignettes. Across
the four lists, each target vignette (and its corresponding distractor vignette) appeared once
as part of the 2AFC test. Participants took 15-30 min to complete the entire study and were
asked not to take breaks or take any written notes during the experiment. The project’s OSF
site (https://osf.io/xgwza/) hosts a screencast depicting the study procedure.

LR INT3

2.2. Results

2.2.1. Data analysis approach

Our data analyses are presented as follows. We first present data on participants’ overall
performance in the 2AFC and WI test trials. We then present the key partial learning analyses
of interest, which are participants’ performance in the 2AFC test trials when they guessed the
target noun incorrectly in the corresponding WI test trial. Of particular interest was whether
participants would select the correct scene on the 2AFC test trials that preceded an incorrect
WI guess, which would indicate that they had some partial knowledge of the word’s meaning
despite failing to identify it exactly. For example, in cases where the target noun had been
“apple,” of interest was whether participants would select the 2AFC scene in which “apple”
had appeared in the original text even when they guessed the target noun was something other
than “apple” in the W1 test (e.g., “food,” “tree,” etc.). Because our primary analyses of interest
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Table 1
Descriptive statistics for two-alternative forced choice (2AFC) and Word Identity (WI) performance in Experiment
1

Test Trial Type All Trials Trial Order (Within Target Noun)

Trial 1 Trial 2 Trial 3
2AFC test 0.80 (0.09) 0.81 (0.14) 0.80 (0.14) 0.78 (0.14)
WI test 0.56 (0.24) 0.58 (0.25) 0.55 (0.24) 0.56 (0.25)

Note. This table reports the means and standard deviations (in parentheses) of participants’ 2AFC and WI test
trials in Experiment 1.

focused on an unpredictable subset of the data (i.e., 2AFC trials where participants guessed
incorrectly on the corresponding WI trial), the number of trials contributed by each partici-
pant and by each target noun to this specific analysis was unequal and, in some cases, small.
We suspect that for this reason, our attempt to utilize mixed-effects modeling on the current
data (Baayen, Davidson, & Bates, 2008; Jaeger 2008) frequently resulted in models with sin-
gular fits (see Bolker, 2023). Thus, we opted for a more traditional statistical approach to the
current dataset - #-tests and analysis of variance (ANOVA) over participant-level proportions.
We do provide documentation on the mixed-effects modeling of these data in the Support-
ing Information. It is worth noting that all key partial learning results reported here with
more traditional statistics are confirmed by the mixed effects models. To account for potential
non-normality in the data, nonparametric bootstrap resampling (with the bias-corrected and
accelerated [BCa] method, Efron and Tibshirani, 1994) was employed to generate 95% confi-
dence intervals (CI) around the key means of interest (5000 bootstrap resamples implemented
with the “boot” package in R version 4.5.1; Canty & Ripley, 2024).

2.2.2. Overall performance

2.2.2.1. 2AFC test performance: For each participant, we computed the proportion of
2AFC test trials in which they selected the correct answer. As a group, participants were
highly accurate in the 2AFC test, guessing correctly on 0.80 of trials (SD = 0.09), a proportion
that is well above the rate of guessing, #(59) = 24.86, p < .001, d = 3.21. We then explored
whether participants’ 2AFC test performance improved over the course of the three 2AFC test
trials. As displayed in Table 1, participants’ 2AFC test performance was more or less stable.
Indeed, a one-way repeated-measures ANOVA revealed that 2AFC performance across the
three trials did not differ from one another, F(2,118) = 0.88, p = .417.

2.2.2.2. Wiltest performance: Using the same guidelines for coding guesses in the norm-
ing studies (see Target Vignette Norming above; see also Gillette et al., 1999; Medina et al.,
2011), participants’ response on each W1 test trial was scored as correct or incorrect.* Partic-
ipants’ mean proportion correct on all WI test trials was 0.56 (SD = 0.24). Unexpectedly, a
one-way repeated-measures ANOVA revealed that performance across the three W1 test trials
was unequal, F(1.86,118) = 4.92, p = .010° (see Table 1). Pairwise comparisons using Bon-
ferroni corrections indicated that participants’ were more accurate in their guesses on the first
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Fig. 3. Two-alternative forced choice (2AFC) performance as a function of Word Identity (WI) accuracy in
Experiment 1.

Note. Panel (a) depicts 2AFC performance on trials prior to a correct and incorrect WI guess. Panel (b) depicts
three validation tests of the partial learning effects: (left) mean 2AFC performance prior to an incorrect WI guess
excluding the two words for which participants exhibited the greatest partial learning, (center) mean 2AFC per-
formance prior to an incorrect WI guess restricted to only the first test trial, (right) mean 2AFC performance prior
to an incorrect WI guess restricted to only words for which participants never offered a correct WI guess.

** p < .01; *** p <.001. Error Bars represent 95% bias-corrected and accelerated (BCa) bootstrapped Cls around
means.

WI test trial than on the second, #(59) = 2.82, p < .05, d = 0.36; there were no differences
between the first WI and third WI test trials, p = .11 or between the second and third WI test
trials, p = .60.

2.2.3. 2AFC performance when WI guess was incorrect

Of most interest in the current study was participants’ performance on the 2AFC test trials
when they had incorrectly identified the target noun in the corresponding WI test trial. Thus,
we next examined participants’ 2AFC performance as a function of their WI performance.
Unsurprisingly, and as depicted in Fig. 3a, participants were more likely to select the correct
vignette in 2AFC test trials prior to a correct WI guess (M = 0.91, SD = 0.08, 95% BCa
bootstrap confidence interval [0.89-0.93]) than prior to an incorrect WI guess (M = 0.66,
SD = 0.18, 95% BCa CI [0.62-0.71]), #(58) = 9.41, p < .001,d = 1.22.° Importantly, how-
ever, participants’ 2AFC performance prior to an incorrect WI guess was still well above
chance levels, #58) = 7.15, p < .001, d = 0.93. This finding suggests that when participants
failed to acquire the precise meanings of words from referentially ambiguous scenes, they
nonetheless extracted partial information that allowed them to succeed reliably in the 2AFC
word learning test.

2.2.3.1. Validation tests: Three follow-up tests were conducted to validate these partial
knowledge effects (see Fig. 3b). First, we asked whether these findings were driven simply by

35US017 SUOLULLIOD ARSI 3|ed! ddde U A paueA0b a1 SaoNIe YO ‘38N JO'S3IN1 0} ARRIq1T BUTUO AB]IM UO (SUORIPUOO-PUR-SULBIWIY A8 | 1M A.d) U UO//SdIY) SUORIPUOD PUe SWLS | 3} 39S *[5202/80/62] U0 AriqTaUIUO AB]IM ‘ID1asuL0D JO ANsioAN Ag 10OTOL SBOO/TTTT'OT/I0p/w0d 4| 1M Areiq 1 jul|uo//Sdny Wwoiy papeo|umod ‘8 ‘SZ0Z ‘6029TSST



N. Schoener, S. C. Johnson, S. H. Suanda/ Cognitive Science 49 (2025) 13 of 28

performance in just one or two target nouns. Thus, we recomputed participants’ 2AFC perfor-
mance prior to an incorrect WI test trial but now excluded their performance on the two words
(apple and book) for which participants, as a group, exhibited the most partial learning (see
the Appendix for detailed by-word trends). Participants’ recomputed 2AFC performance prior
to an incorrect WI guess (M = 0.64, SD = 0.18, 95% BCa CI [0.59-0.69]) was still reliably
above chance levels, #(58) = 5.86, p < .001, d = 0.76.” Second, we considered the possibility
that the partial learning effects may have been driven by learning during the three test tri-
als, as opposed to the product of learning from the learning phase. Thus, a second follow-up
analysis was conducted on only the first AFC-WI test pair in each block and revealed that
participants’ 2AFC performance prior to an incorrect initial WI guess (M = 0.64, SD = 0.34,
95% BCa CI [0.55-0.72]) was reliably above chance levels, #(57) = 3.19, p < .01, d = 0.42.
Finally, we examined whether the observed partial learning effects were driven by a subset of
participants who had entertained the correct target noun in at least one of the three WI trials.
Although these participants would have nonetheless exhibited a dissociation between AFC
and WI performance (on the trials where they were incorrect in their WI guess), these par-
ticipants could be viewed as having been very close to precise word meaning identification.
Thus, we subsetted our AFC dataset to include only blocks where participants were incorrect
in all three of their WI test trials (573 AFC trials over 58 participants; 92% of total AFC
trials that preceded an incorrect WI guess). In this reduced dataset (see Fig. 3b), participants’
2AFC performance (M = 0.63, SD = 0.21, 95% BCa CI [0.57-0.68]) was still reliably above
chance levels #(57) = 4.50, p < .001, d = 0.59 validating the observed dissociability between
successful 2AFC selections and successful WI guesses.

2.3. Discussion

The findings from Experiment 1 show that when participants fail to identify word meanings
from referentially ambiguous events in a free response task, they nonetheless demonstrate
some word knowledge in an alternative-forced choice task. Of course, dissociations across
tasks are nothing new to the word learning field (e.g., Gershkoff-Stowe & Hahn, 2013; Gur-
teen et al., 2011; Hendrickson et al., 2015; Horst & Samuelson, 2008). Nevertheless, given the
ongoing debates over the kinds of input that matter for word learning (Cartmill et al., 2013;
Medina et al., 2011; Yurovsky et al., 2013; Zhang et al., 2021), as well as the implications
of that input for debates on the mechanisms of learning (Gleitman & Trueswell, 2020; Yu,
Zhang, Slone, & Smith, 2021), the current findings are a reminder that the resolution of these
debates may depend in part on how the output of learning is measured (see also Smith et al.,
2014; Yu & Smith, 2012a). The current findings are also a reminder that word meaning knowl-
edge falls on a continuum and that acquiring “full knowledge” is a slow and protracted process
(Carey, 2010; Carey & Bartlett, 1978; Clark, 2023; Kucker, McMurray, & Samuelson, 2015;
see also Ameel et al., 2008; Dedk & Toney, 2013; Hendrickson et al., 2015; Lo et al., 2021).
Yet, as many have demonstrated, word learners do not await full word knowledge before their
representations organize attention and memory (Baldwin & Markman, 1989; LaTourrette &
Waxman, 2020; Twomey & Westermann, 2018), support new word learning (e.g., Fitneva &
Christiansen, 2011; Yurovsky et al., 2014), and shape their communicative acts with those
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words (Clark, 2023; Shatz, Tare, Nguyen, & Young, 2010). Thus, if referentially ambiguous
events support partial word learning, even when they fall short in supporting precise mean-
ing acquisition, then referentially ambiguous events may nonetheless confer many benefits to
cognitive, linguistic, and socio-communicative development.

One limitation and reasonable concern about the current findings is participants’ high
overall success rate in the word identity test. That is, participants in the current study accu-
rately identified the exact noun in over 50% of trials. This rate of learning from referentially
ambiguous events is greater than the rate observed by Medina et al. (2011), who reported
exact noun identification from referentially ambiguous events in approximately only 20% of
WI trials (see the “HI Absent” condition in Medina et al.’s Experiment 2). There are many
candidate explanations for this difference, including the nature of the events (picture-book
vs. video-based vignettes), task differences (e.g., massed vs. interleaved presentation), and
the precise nouns that were tested. Regardless of the explanation, however, the high rate of
word identity guesses raises the possibility that the observed partial word learning in the
current study is limited to referentially ambiguous events that are capable of eliciting a con-
siderable degree of exact meaning identification. The goal of Experiment 2 was to test this
possibility.

3. Experiment 2

In Experiment 2, we asked whether learners could still extract partial word knowledge from
referentially ambiguous events if those events were highly referentially ambiguous. Nearly all
aspects of the experimental design and procedure of Experiment 2 were the same as those of
Experiment 1. However, all of the target vignettes in Experiment 2 had maximal referen-
tial ambiguity, which was operationalized as zero correct word identifications in the vignette
norming process. We hypothesized that restricting the vignettes in Experiment 2 to those with
maximal ambiguity would lead to a significant reduction in learners’ success in the word
identity test. Of most interest, however, is whether despite the reduction in exact word mean-
ing identification, learners would nevertheless still exhibit partial knowledge of those word
meanings.

3.1. Methods

3.1.1. Participants

The sample size for Experiment 2 was determined through the same procedure as for Exper-
iment 1. An unexpectedly large effect size in the pilot for Experiment 2, however, suggested
that the estimated sample size needed for Experiment 2 was smaller than the one for Exper-
iment 1. Due to the distinct possibility that effect size estimates from pilot data may lead to
underestimates of sample size requirements (Albers & Lakens, 2018), we decided to collect
the same sample size for Experiment 2 as was collected for Experiment 1. Thus, partici-
pants in Experiment 2 were 60 adults (31 female, 26 male, three other/unknown; M .. = 28
years, SD,o. = 4.78) who had not participated in Experiment 1. Participants were recruited
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Table 2
Descriptive statistics for 2AFC and WI performance in Experiment 2
Test Trial Type All Trials Trial Order (Within Target Noun)
Trial 1 Trial 2 Trial 3
2AFC test 0.73 (0.12) 0.75 (0.17) 0.72 (0.18) 0.71 (0.17)
WI test 0.29 (0.26) 0.29 (0.26) 0.30 (0.26) 0.29 (0.27)

Note. This table reports the means and standard deviations (in parentheses) of participants’ 2AFC and WI test
trials in Experiment 2.

from the United States and the United Kingdom through Prolific and completed the study
on Gorilla via a desktop or laptop computer. Fifty-seven of the participants provided racial
and ethnic demographic information and self-identified as Black (3), White (49), multiracial
(5), or other (1); one participant identified as Hispanic/Latinx. Eighteen participants reported
speaking another language in addition to English. Participants received $5 for completing the
study.

3.1.2. Stimuli, experimental design, and procedure

The experimental design, procedures, and data coding for Experiment 2 were identical to
those for Experiment 1. The key methodological difference between Experiments 1 and 2
was the ambiguity level of the target vignettes. Recall in Experiment 1 vignettes were under
consideration if their ambiguity level, as determined via norming studies, was below 0.33
(see Target Vignette Norming above for norming study details). In Experiment 2, all target
vignettes had the ambiguity level of 0. This means that for all Experiment 2 target vignettes,
none of the norming study participants had correctly identified the target noun from the scene.
Sixty-six of the 96 target vignettes used in Experiment 1 fit this criterion and were used
again in Experiment 2. The 30 target vignettes in Experiment 1 that did not fit this criterion
were replaced with new target vignettes that did,®° For each of the 30 new target vignettes,
a new distractor vignette was identified and created following the protocol described in
Experiment 1.1

3.2. Results and discussion

3.2.1. Overall performance

3.2.1.1. 2AFC test performance: Participants in Experiment 2, as a group, performed
well in the 2AFC test, guessing correctly at a rate that is well above chance levels (0.50),
M = 0.73, SD = 0.12, #(59) = 15.04, p < .001, d = 1.94. Overall 2AFC performance in
Experiment 2 was, however, reliably lower than overall 2AFC performance in Experiment 1
(M = 0.80; SD = 0.09), #(118) = =3.74, p < .001, d = 0.68, highlighting that the reduced
informativity of target vignettes in Experiment 2 made for a more challenging learning task.
2AFC test performance did not differ across the three 2AFC test trials per word (see Table 2),
F(2,118) =0.89, p = 414.
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Fig. 4. 2AFC performance as a function of WI accuracy in Experiment 2.

Notes. Panel (a) depicts 2AFC performance on trials prior to a correct and incorrect WI guess. Panel (b) depicts
three validation tests of the partial learning effect: (left) mean 2AFC performance prior to an incorrect WI guess
excluding the two words for which participants exhibited the greatest partial learning, (center) mean 2AFC per-
formance prior to an incorrect WI guess restricted to only the first test trial, (right) mean 2AFC performance prior
to an incorrect WI guess restricted to only words for which participants never offered a correct WI guess.

Note: ¥*% p < .001. Error Bars represent 95% BCa bootstrapped Cls around means.

3.2.1.2. WI test performance: Participants’ mean proportion correct on all WI test trials
was 0.29 (SD = 0.26)."" WI performance in Experiment 2 was lower than that in Experiment
1 (M = 0.56; SD = 0.24), 1(118) = —5.86, p < .001, d = 1.07, illustrating the negative
effect that reducing target vignette informativity had on precise word meaning acquisition.
As displayed in Table 2, participants performance across the three WI test trials was stable,
F(1.67,118) = 0.41, p = .635.12

3.2.2. 2AFC performance when WI guess was incorrect

As in Experiment 1, the main analysis of interest in Experiment 2 was participants’ per-
formance on the 2AFC test trials when they had incorrectly identified the target noun in the
corresponding WI test trial. As illustrated by Fig. 4a, participants were more likely to select
the correct vignette in the 2AFC test trial prior to a correct WI guess (M = 0.89, SD = 0.11,
95% BCa CI [0.85-0.91]) than prior to an incorrect WI guess (M = 0.68, SD = 0.14, 95%
BCa CI [0.65-0.72]), #(45) = 6.93, p < .001, d = 1.02.13 Importantly, and as was the case
in Experiment 1, participants’ 2AFC performance prior to an incorrect WI guess was nev-
ertheless above chance levels, #59) = 10.20, p < .001, d = 1.32. Interestingly, although, as
reported above, there were differences in overall 2AFC and W1 performance between Exper-
iments 1 and 2, there were no differences between the two experiments in partial learning
(i.e., rate of correct AFC trials prior to incorrect WI trials; Mgy, ; = 0.66; Mg, » = 0.68),
t(117) = 0.67, p = .506, d = 0.12. As with Experiment 1, we conducted three validation tests
of Experiment 2’s partial learning effects (see Fig. 4b). First, in an analysis that excluded
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performance for the two words on which participants as a group exhibited the most partial
learning (apple and bird; see Table A2 in the Appendix), we found that participants’ 2AFC
performance prior to an incorrect WI guess (M = 0.63, SD = 0.15, 95% BCa CI [0.59-0.67])
was still reliably above chance levels, #(58) = 6.68, p < .001, d = 0.87. Second, these partial
learning effects held when partial learning was analyzed for only the first 2AFC-WI test pair
in a given block (M = 0.70, SD = 0.22, 95% BCa CI [0.65-0.76]), #(59) = 7.01, p < .001,
d = 0.90. Finally, these partial learning effects also held when we restricted our analyses to
only words for which participants never guessed the correct target noun on any of the three
WI test trials (M = 0.68, SD = 0.15, 95% BCa CI [0.64-0.71]), #(59) = 9.49, p < .001,
d=1.22.

3.2.3. Discussion

Experiment 2 was designed as a test of the reliability of the partial learning effects observed
in Experiment 1. The increase in referential ambiguity of the target vignettes in Experiment
2 had the anticipated effect of reducing overall amounts of word learning as measured by
a word identity free response assessment. Despite this reduction in participants’ ability to
identify precise word meanings, participants’ ability to extract partial word knowledge was
unchanged. That is, even though participants in Experiment 2 struggled to identify the cor-
rect target noun from the highly referentially ambiguous scenes, they nevertheless were able
to distinguish scenes that did and did not co-occur with those target nouns. These data rein-
force the conclusion from Experiment 1 that although referentially ambiguous events may
not afford precise meaning acquisition, they do allow learners to extract valuable partial word
knowledge that they can then successfully deploy in some word learning tasks.

4. General discussion

Understanding the kinds of input that shape children’s word learning has broad implica-
tions, from a better understanding of the mechanisms that shape learning (see Gleitman &
Trueswell, 2020; Yu et al., 2021) to informing best practices for input-based interventions
(see Masek, Ramirez, McMillan, Hirsh-Pasek, & Golinkoff, 2021; Rowe & Snow, 2020).
Previous research on whether word learners can leverage referentially ambiguous naming
events for learning has yielded mixed results. Many studies have shown robust learning from
referentially ambiguous events when those events consist of a few novel objects (for review,
see Roembke et al., 2023). Other studies have shown very little learning from referentially
ambiguous events when those events capture real-world levels of ambiguity (see LaTourette
et al., 2022; Medina et al., 2011). Finally, some research suggests that whether one can learn
words from real-world levels of referential ambiguity depends on the perspective from which
those events are viewed (i.e., through a first-person learner’s viewpoint vs. a third-person
observer’s viewpoint; Yurovsky et al., 2013; Zhang et al., 2021). The current study sheds
new light on the potential for referentially ambiguous naming events to move the needle of
learning. In a paradigm that assessed word learning in multiple ways, the current study reveals
that when referentially ambiguous events fail to yield learning of exact word meanings, they

85U807 SUOWIWOD AIKERID 3|qedl|dde sy Aq peuiencb ake s9joie YO ‘8sn JO Sa|nJ 10} Aleid1 78Ul UO AB]IM UO (SUORIPUCO-PUR-SULBIALIY A8 1WA le1q [BU1|UO//SANL) SUORIPUOD Pue Swie | 8u88s *[5202/80/62] Uo Afeiqiauljuo AB]im ‘Inonoeuuod JO AisieAiun Aq y0T02 SB00/TTTT 0T/10p/woo A8 |1m Ake.qipuljuo//sdiy Woiy pepeojumoq ‘g ‘202 ‘60/9TSST



18 of 28 N. Schoener, S. C. Johnson, S. H. Suanda/ Cognitive Science 49 (2025)

nevertheless yield partial learning of word meanings. In other words, referentially ambiguous
naming events may allow learners to find the right region of semantic space even when they
do not reveal the exact coordinates within that region.

4.1. Partial word learning in early vocabulary development

Some may view that the key to understanding early vocabulary development is understand-
ing the acquisition of precise word meanings or the processes that would allow for success in
assessments that resemble the word identification test of the current study. Under this view, the
current partial learning effects of success in an alternative forced choice test coupled with fail-
ure in a word identification test might be viewed as a negligible part of word learning. At least
two datapoints however suggest the value of taking more seriously partial learning effects like
those observed in the current study. First, many of the methodologies used in clinical, edu-
cational, and research settings to assess vocabulary development (e.g., infant looking while
listening paradigms Fernald, Zangl, Portillo, & Marchman, 2008; Peabody Picture Vocabulary
Test, Dunn, 2019) are actually closer in format to alternative forced choice tests than they are
to word identification tests. Thus, partial word knowledge may often be what children possess
when it is said that children know the meaning of a word. Second, there are many empirical
demonstrations that children go through protracted stages of learning in which they possess
some sense of a word’s meaning while falling short of the adult sense of that word’s meaning.
Demonstrations of this type of partial knowledge date back at least to Carey and Bartlett’s
classic experiments on color-term acquisition (Carey & Bartlett, 1978; see also Wagner et al.,
2013) but have also been reported in children’s acquisition of object names (e.g., Ameel et al.,
2008; Hendrickson et al., 2015; Lo et al., 2021), action words (e.g., Saji et al., 2011), time
words (e.g., Shatz et al., 2010; Tillman & Barner 2015), number words (e.g., O’Rear et al.,
2020; Wagner, Chu, & Barner, 2019), and emotion terms (e.g., Hoemann, Xu, & Barrett,
2019; Widen & Russell, 2008), to name a handful of examples. Thus, we suggest that there is
more to be gained from a broader conception of word learning that incorporates partial learn-
ing rather than a narrower one that ignores it (see also Wojcik, Zettersten, & Benitez, 2022).

The key contribution of the current study is of course not that partial word learning
occurs but rather the potential for referentially ambiguous naming events to contribute to
such learning. To the best of our knowledge, the vast majority of research on partial word
knowledge focuses more on documenting the presence of that partial word knowledge rather
than understanding the kinds of input that could contribute to it. In considering the handful
of studies that have investigated the input to partial learning (Dautriche & Chemla, 2014;
Roembke & McMurray, 2016; Yurovsky & Frank, 2015; Yurovsky et al., 2014), the current
work is unique in the nature and degree of the referentially ambiguous events presented to
learners. Unlike previous studies whose ambiguous scenes consist of a few novel objects
depicted on a screen, the current referentially ambiguous events were complex, multifaceted
scenes whose ambiguity levels were determined using an established methodology (see Cart-
mill et al., 2013; Medina et al., 2011). Although the current study’s referentially ambiguous
naming events were not taken from recordings of child-directed speech (see Medina et al.,
2011; Yurovsky et al., 2013; Zhang et al., 2021), it is important to note that naming events
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in picture books do represent an important real-world source of input for many children the
world over (see Horst & Houston-Price, 2015; Montag et al., 2015; Nation et al., 2022).

4.2. Speculations on the nature of partial learning via referentially ambiguous events

Although the current work suggests that partial word knowledge could emerge from ref-
erentially ambiguous naming events, it does not reveal the details of this process. One open
question pertains to the information that learners extracted from these scenes that allowed
them to succeed in the alternative forced choice test without succeeding in the word identity
test. One possibility is that learners honed in on specific competing semantically related refer-
ents and mistakenly mapped the novel word to those referents. For example, participants may
have mismapped the novel word that corresponded to the English word “flower” to a meaning
like plant or leaf. Although such mismappings would not have allowed participants to pass
the stringent criteria of the word identity test, they would have likely allowed participants to
perform well in the forced choice test since the target vignette would, on average, be more
likely to also depict those closely related referents.

A separate possibility is that participants succeeded in the forced choice test not by map-
ping novel words to any specific closely related meanings but by extracting a broader “gist”
of the referentially ambiguous scenes (e.g., “‘school scene,” “park scene,” “house scene,” etc.;
see Oliva, 2005). We suggest this as a possible explanation because the different-to-be-learned
words did tend to occur in different situational contexts, akin to how different words in child-
directed speech have been reported to occur (see Roy, Frank, DeCamp, Miller, & Roy, 2015;
Tamis-LeMonda, Custode, Kuchirko, Escobar, & Lo, 2019). For example, the referentially
ambiguous scenes for “bird” and “flower” were more likely to be scenes of the outdoors, the
scenes for “book” were more likely to depict indoor settings, and the scenes for “hat” and
“shoe” were more likely to be scenes containing people. Thus, perhaps it is these broad gists
shared across a word’s referentially ambiguous scenes that allowed participants to identify
new scenes most likely belonging to the to-be-learned word. Future research that incorporates
additional measures into the current paradigm (e.g., eye tracking, post-experiment interviews)
may help clarify the nature of the partial knowledge that supported learners’ success, the spe-
cific information they relied on to extract that knowledge, and the extent to which they could
articulate what they had learned.

A second and related open question pertains to the nature of the mechanisms that allowed
for the observed partial learning. One potential mechanism is based on the idea of word learn-
ing as a hypothesis testing process (see Aravind et al., 2018; Stevens, Gleitman, Trueswell, &
Yang, 2017; Trueswell, Medina, Hafri, & Gleitman, 2013). Under this account, the observed
partial learning effects (i.e., success in the forced choice test in the absence of success in
the word identity test) would be the product of participants maintaining a single hypoth-
esis that, albeit incorrect, was nevertheless close enough in meaning to afford success on
the forced choice test trials. For example, the incorrect hypotheses “fruit” or “tree” for the
novel word that meant “apple” would likely yield above chance performance in the forced
choice test because fruits and trees, as well as things related to them, are more likely depicted
in the correct alternative forced choice scene. An alternative mechanism to explain these
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data is based on associative models of word learning (see Kachergis & Yu, 2018; McMur-
ray, Horst, & Samuelson, 2012; Yu & Smith, 2012a). Under this account, learners extract
and maintain in memory much more than a single hypothesized meaning, including mem-
ories of various objects, actions, and features depicted in these scenes (Chen & Yu, 2017;
Dautriche & Chemla, 2014; Knabe & Vlach, 2023; Zettersten, Wojcik, Benitez, & Saf-
fran, 2018). In such a model, the partial learning effects may be the product not only of
a close-but-incorrect hypothesis but also of memory traces of the events peripheral to any
hypotheses.

As is now well documented (see Bhat, Spencer, & Samuelson, 2022; Yu & Smith, 2012a),
distinguishing between these two classes of mechanisms is no easy task, and by no means
was the current work designed to aid in distinguishing between them. It does however offer
one lesson relevant to this thorny issue. That is, many current discussions on the nature of
word learning mechanisms are often merged with discussions on the kinds of input that
contribute to learning. For example, some proponents of hypothesis testing models argue for
a learning process that is primarily driven by the referentially transparent naming events in
the input (or the “gems” in the so called “gems and junk” model of learning; see Gleitman
& Trueswell, 2020; Medina et al., 2011). On the other hand, proponents of the statistical
associative learning models tend to argue for a learning process that is driven by a much
wider range of events, including the more referentially ambiguous one (see Yu & Smith,
2012a; Zhang et al., 2021). Considering that the current work reveals the contributions of
referentially ambiguous naming events for learning without distinguishing between the two
models, we suggest that there may be value in treating the issue of whether referentially
ambiguous events contribute to learning as connected but nevertheless separate from the
issue of the mechanisms that underlie such learning.

4.3. Limitations and future directions

There are several limitations to the current studies that are worth noting and worth explor-
ing in future work. First, although care was taken to ensure that the level of referential
ambiguity in the current picture book naming events was comparable to that in previous
studies investigating learning via child-directed naming events (e.g., Medina et al., 2011), it
is possible that the ambiguity in children’s picture books is more amenable to partial learning
than the ambiguity in child-directed speech. Thus, it would be important to test the gener-
alizability of the current findings to referentially ambiguous events in child-directed speech.
Second, there are features of the current study’s to-be-learned words (e.g., all were object
names), naming events (e.g., none depicted cases of absent reference), and experimental
paradigm (e.g., vignettes followed a massed presentation schedule) that are likely to have
increased the likelihood of partial learning. Although the exact degree to which some of these
features are a departure from children’s real-world learning input is a continued matter of
investigation (e.g., see Slone, Abney, Smith, & Yu, 2023), these methodological decisions
nevertheless suggest the need to push the limits of partial learning via referentially ambigu-
ous events. Finally, like many cross-situational word learning (e.g., Yu & Smith, 2007) and
Human Simulation Paradigm studies (e.g., Gillette et al., 1999), the current work used adult
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learning as a model for children’s learning. Although some have revealed similarities in
how adults and children learn in these paradigms (e.g., Piccin & Waxman, 2007; Suanda,
Mugwanya, & Namy, 2014), others have revealed differences (e.g., Benitez, Zettersten, &
Wojcik, 2020; Fitneva & Christiansen, 2017). Thus, it would be critical to ask whether, like
the adults in the current study, young children can extract and deploy partial knowledge from
complex referentially ambiguous events.

4.4. Conclusion

The role that referentially ambiguous naming events play in children’s word learning has
long stimulated interest and research into how children learn the meanings of words. The
current study highlights that inferences about the role that such events play in learning
depend, at least in part, on how word learning is assessed and defined. If one constrains
the definition of word learning to identifying the exact meaning intended by a speaker, then
referentially ambiguous events alone may fall short in playing a significant role in learn-
ing. In contrast, if one considers partial but imperfect knowledge of a word’s meaning as
an important part of the learning process, then the current work suggests that referentially
ambiguous events may play a valuable role in learning. Thus, under this latter conception of
learning, there may be much more to referentially ambiguous events than initially meets the
eye.
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Notes

1 Eighteen books contributed vignettes to multiple target nouns (16 books contributed to

two target nouns, and two books contributed to three target nouns); across all 96 target
vignettes, a total of 76 different books were used.
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14% of the distractor vignettes contained the target noun’s referent in the scene. Exclud-
ing trials with these distractors had no impact on the level of statistical significance (i.e.,
“p < .001,” “p < .01,” etc.) of the analyses.

The decision to have the 2AFC trial precede the WI trial was to ensure that participants
observed the same amount of information prior to responding to both trial prompts.

On three WI trials (0.21% of all trials), participants entered multiple answers, one of
which was correct. Such answers were scored as partially correct (e.g., 0.5 if they pro-
vided two answers, one of which was correct).

Mauchly’s Test of Sphericity was violated (X> = 6.38, p < .05); reported are the test
statistics with the Huynh—Feldt correction.

One participant in Experiment 1 guessed correctly on all WI trials and thus did not
contribute data to this analysis.

Because not all participants made incorrect WI guesses for each word, the number of
participants contributing to AFC performance following an incorrect WI guess was
small for some words (n’s ranged from 11 to 44 across words). Thus, we did not feel
we had sufficient power to analyze and report by-word findings.

One vignette from Experiment 1 was replaced despite fitting Experiment 2’s ambiguity
level criterion. This was due to a clerical error in the norming documentation where its
ambiguity level had been marked as greater than 0.

Across the 96 target vignettes used for Experiment 2, a total of 81 different books
were used. As in Experiment 1, each book contributed a maximum of one vignette per
target noun; 11 books contributed vignettes to two different target nouns, and two books
contributed vignettes to three different target nouns;

18% of Experiment 2 distractor vignettes contained the target noun’s referent in the
scene. Excluding trials with these distractors had no impact on the level of statistical
significance (i.e., “p < .001,” “p < .01,” etc.) of the analyses.

On two WI trials (0.14% of all trials), participants entered multiple answers, one of
which was correct. Such answers were scored as partially correct.

Mauchly’s Test of Sphericity was violated (X> = 12.55, p < .01); reported are the test
statistics with the Huynh—Feldt correction.

Fourteen participants were excluded from this analysis because they never guessed the
target noun correctly in the WI test and thus did not contribute any data to 2AFC per-
formance prior to a correct WI guess.
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Appendix

This appendix presents data for each of the eight individual target nouns. Included in the
tables below are: (1) the mean proportion correct in WI test trials; (2) the total number of
2AFC trials that preceded an incorrect WI test trial (note: these are the trials that serve as the
data for the current study’s key partial learning analyses) and the breakdown of such trials
that were first, second, or third in order; (3) the means and 95% confidence intervals (via bias
corrected and accelerated bootstrap resampling with 5,000 samples) around means of partic-
ipants’ performance on the 2AFC test trials that preceded an incorrect WI test trial; the anno-
tations reflect statistical significance levels of single-sample #-tests comparing mean 2AFC
performance prior to an incorrect WI test trial against chance levels (0.50). Table A1 displays
the by-target noun data for Experiment 1; Table A2 displays the same data for Experiment 2.
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Table Al

By-target noun descriptive statistics and partial learning in Experiment 1

Target Word Partial Learning

Noun Tlssi“(gg) Total Trials First Third 2AFC
(Participants *) Trials Second Trials (Bias-Corrected

Trials and Accelerated
[BCa CI])

Apple 0.57 (0.49) 77 (27) 25 26 26 0.83 [0.73-0.90]***

Bird 0.59 (0.46) 73 (29) 23 27 23 0.63 [0.49-0.73]*

Book 0.86 (0.33) 26 (11) 9 8 9 0.71 [0.47-0.86]

Dog 0.44 (0.49) 100 (35) 32 35 33 0.66 [0.58-0.74]***

Door 0.70 (0.45) 54 (19) 17 19 18 0.65 [0.49-0.771*

Flower 0.54 (0.47) 81 (31) 25 27 29 0.70 [0.58-0.80]**

Hat 0.51 (0.50) 89 (31) 30 30 29 0.53 [0.42-0.62]™

Shoe 0.31 (0.44) 125 (44) 39 44 42 0.67 [0.59-0.74]***

Note. “The number of unique participants that contributed 2AFC trials that preceded an incorrect W1 test trial.
Because each participant saw three AFC trials per target noun, the number of first, second, and third trials per target
noun is equivalent to the number of unique participants who contributed. Thus, only one number is presented for
first, second, and third trials.

*p < .05; ¥¥p < .01; ***p < .001; "p < .10; “*p > .10.

Table A2
By-target noun descriptive statistics and partial learning in Experiment 2
Target Word Partial Learning
Noun ;detngg Total Trials First Third 2AFC [BCa CI]
est (5D) (Participants) Trials Second Trials

Trials
Apple 0.34 (0.46) 118 (42) 40 39 39 0.84 [0.75-0.91]***
Bird 0.19 (0.39) 146 (50) 49 48 49 0.77 [0.70-0.83]***
Book 0.38 (0.48) 111 (38) 38 37 36 0.53 [0.41-0.63]™
Dog 0.23 (0.43) 138 (46) 46 46 46 0.54 [0.46-0.62]™
Door 0.28 (0.42) 130 (46) 43 43 44 0.68 [0.59-0.75]***
Flower 0.46 (0.48) 98 (35) 31 33 34 0.64 [0.52-0.74]*
Hat 0.39 (0.48) 109 (38) 36 36 37 0.63 [0.52-0.74]*
Shoe 0.08 (0.28) 165 (55) 55 55 55 0.65 [0.59-0.72]***

Note. *p < .05; **p < .01; ***p < .001; "p < .10; ™p > .10.
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