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ABSTRACT—Word learning researchers have historically

been interested in elucidating the mechanisms that allow

children to encode words. Recent research has moved

beyond the moment of encoding to examine the processes

underlying children’s retention and retrieval of words

across time. This work has revealed significant memory

constraints on children’s word learning. That is, children

struggle to retain and retrieve newly learned words. This

review outlines research suggesting that describing these

processes as memory constraints may mischaracterize

how memory shapes language development. Instead,

memory constraints are more accurately characterized as

double-edged sword mechanisms; limited memory abilities

likely hinder and promote children’s word learning simul-

taneously. The review concludes with suggestions for

developing a theory of how children learn to remember

words.
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Linguists, philosophers, and psychologists have historically

characterized language learning as seemingly impossible (e.g.,

Quine, 1960). Word learning is particularly difficult because

children need to resolve high degrees of referential ambiguity to

determine word-referent pairings. For instance, if children are at

the park and hear the word dog, this word could refer to the

creature they see wagging its tail and barking, but it could also

refer to a seemingly infinite number of other referents, such as a

color, action, and abstract concept. Thus, a central pursuit in

cognitive science, developmental psychology, and other disci-

plines has been to understand the mechanisms that make word

learning possible.

Over the last few decades, researchers have focused on study-

ing how children learn to associate words with referents in a sin-

gle moment. In these studies, children are exposed to a novel

word and a novel object, then are immediately tested on whether

they mapped the word to the correct object. For instance, in a

typical experiment (see Figure 1), children are presented with a

novel linguistic label (wug) and a novel object. At test, children

are shown several objects and asked to identify the wug. If chil-

dren recognize or generalize the word wug at an immediate test,

researchers conclude that children successfully encoded the

word presented to them. Indeed, researchers have found that

children can readily map words to referents after just a few

learning trials, a behavior termed fast mapping (see Carey,

2010, for a review).

Three classes of theories have been proposed to explain chil-

dren’s rapid mapping of words to referents: domain-general theo-

ries (Smith, 2002), constraints-principles theories (Markman,

1991), and social-pragmatic theories (Tomasello, 1992). Taken

together, these theories suggest that children use a variety of

tools to determine word mappings. For instance, children use

associative/statistical learning to track regularities in perceptual

information (Krogh, Vlach, & Johnson, 2013), apply rules (e.g.,

mutual exclusivity; Kalashnikova, Mattock, & Monaghan, 2016),

and rely on the social cues of others (Yurovsky & Frank, 2017)
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to learn words. This body of work suggests that referential ambi-

guity is a problem children solve readily; children have powerful

tools for learning the properties and meanings of words.

One limitation of the classic fast mapping paradigm is that

word learning is assessed at an immediate test. Consequently,

these studies tell us when and how children encode new words,

but they tell us little about word learning over time (often ter-

med slow or extended mapping; Carey, 2010). To address this

limitation, researchers who study children’s language develop-

ment have conducted tests with a delay between learning and

testing (e.g., Horst & Samuelson, 2008; Karaman & Hay, 2018;

Vlach, Ankowski, & Sandhofer, 2012; Wojcik, 2013). These

studies have sought to determine whether young learners can

encode, retain, and retrieve words across time. In this work,

infants and children have struggled to remember words across

timescales, including seconds (Vlach & Johnson, 2013), minutes

(Horst & Samuelson, 2008), days (Vlach & Sandhofer, 2012),

and weeks or months (Gordon et al., 2016; Vlach & Sandhofer,

2012; Wojcik, 2017). That is, in these experiments, infants and

children failed to reliably identify the wug from a series of

objects after a delay. Thus, researchers have concluded that

there are significant memory constraints on word learning and

language acquisition (e.g., Adams & Gathercole, 2000; Barr,

2013; Endress, Nespor, & Mehler, 2009; Horst & Samuelson,

2008; Vlach & Johnson, 2013).

Many memory constraints likely shape language development;

hence, in this review, I focus on one constraint as a case exam-

ple: children’s forgetting of information during and after word

mapping. In the first section of the article, I describe how forget-

ting has been characterized historically as a constraint on lan-

guage acquisition. While rapidly forgetting words would seem to

be an obstacle to word learning, I counter this assumption in the

next section, proposing that rapid forgetting of new words is a

key factor of children’s language development. Thus, forgetting

Figure 1. Paradigms used by researchers to study children’s word learning. Top panel provides an example of a typical paradigm to study children’s
encoding of new words. Bottom panel provides examples of recent paradigms used to study children’s memory for words. Researchers insert time/retention
intervals during learning, after learning, and/or during and after learning in order to determine how forgetting affects children’s language acquisition.
[Color figure can be viewed at wileyonlinelibrary.com]
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serves as an example of how memory constraints are best char-

acterized as double-edged sword mechanisms of learning.

Finally, I conclude with recommendations for how researchers

can construct a theory of how children learn to remember words.

FORGETTING AS A BARRIER TOWORD LEARNING

One of the most significant memory constraints on human cogni-

tion is the fact that we continuously forget learned information.

Forgetting has been studied since the beginning of psychological

science and is operationally defined as the diminishing ability

to retrieve information across time (Ebbinghaus, 1964; Wixted,

2004). Learners forget information according to a curvilinear

function, referred to as a forgetting curve. Because forgetting has

been studied widely and we know how forgetting unfolds over

time, it provides a fruitful way to understand whether and how

memory processes affect language development. That is,

research on memory suggests that children should forget words

in a pattern similar to other types of nonlinguistic information

(i.e., according to a forgetting curve) and, if this occurs, that it

suggests that language development relies heavily on memory

systems. To understand the role of forgetting in children’s word

learning, researchers insert time intervals between learning

events or between learning and testing. The time intervals allow

children to forget information, and researchers can observe how

this forgetting changes the course of word learning (for examples

of these paradigms, see Figure 1).

During the first 2 years of life, small intervals of time between

word mapping events constrain infants’ language acquisition. As

infants grow older, their forgetting slows (Rovee-Collier & Cue-

vas, 2008) and their word learning is less likely to be con-

strained by small time intervals. For instance, in one study

(Vlach & Johnson, 2013), 16- and 20-month-olds were pre-

sented with a cross-situational word learning task in which half

the words and objects were presented six times in immediate

succession (see Figure 1, classic fast mapping paradigm) and

half were presented six times with other learning trials inter-

leaved between presentations (creating 26s time intervals; see

Figure 1, forgetting during learning). At an immediate word

mapping test, the 16-month-olds demonstrated that they learned

words for the objects presented in immediate succession, but

not for the objects with inserted time intervals. This suggests

that the small-time intervals between presentations caused the

16-month-olds to forget rapidly, to the point where they could

no longer successfully retrieve information at subsequent learn-

ing events or at the test. However, the 20-month-olds learned

words for both the massed and interleaved objects, suggesting

that the 26s time intervals did not constrain their word learning.

Although infants may be able to quickly overcome the

demands of retaining and retrieving information across short

time intervals during learning, retaining and retrieving knowl-

edge after learning appears has a more protracted course of

development. Even brief delays between learning and testing

can deter children’s word learning (Horst & Samuelson, 2008;

Vlach et al., 2012; see Figure 1, forgetting after learning). More-

over, years may pass between the time when children can suc-

cessfully encode words and the time when they can successfully

retain and retrieve words across time (Vlach & DeBrock, 2019).

For example, children can learn new words via cross-situational

statistical learning, which requires them to track co-occurrences

between words and objects to encode words, as early as

12 months (Escudero, Mulak, & Vlach, 2016; Smith & Yu,

2008). However, children cannot reliably retain and retrieve

words across a 5-minute testing delay during cross-situational

statistical learning until age 4 (Vlach & DeBrock, 2019). Indeed,

the general time course of word learning is that children encode

word mappings as early as 6 months (Bergelson & Swingley,

2012), but do not easily retrieve and produce the same words

until a year or more later (Fenson et al., 1994). This work demon-

strates that overcoming the challenge of retaining and retrieving

words after learning could take up to several years.

Why do we see different developmental trajectories in word

mapping versus retaining and retrieving words across time? One

reason for the dissociation between encoding and subsequent

storage and retrieval of words is that these processes may involve

different mechanisms or networks in the brain. In studies of

adults with brain injuries, patients reliably mapped words to

objects, suggesting that they can encode new words rapidly

(Sharon, Moscovitch, & Gilboa, 2011; Warren, Tranel, & Duff,

2016). However, at a delayed test, patients failed to recognize or

retrieve the words learned earlier in the experiment. In contrast,

healthy adults in a control group did not struggle to retrieve words

in a delayed test. These results have led researchers to conclude

that certain networks in the brain, such as hippocampal networks,

are unnecessary for immediate word mapping but critical to the

long-term ability to retain and retrieve words. Thus, underdevel-

oped hippocampal networks may be the source of children’s rapid

forgetting of words after learning, and these hippocampal net-

works may take several years of experience to develop.

Given the findings of this work, researchers have taken a spe-

cial interest in identifying ways to support children’s long-term

memory for words and enhance the development of their hip-

pocampal networks. Based on this research, we know that making

small changes to the learning environment—such as providing

additional environmental cues (Vlach & Sandhofer, 2012), rein-

stantiating the context in which the word was initially learned

(Horst, 2013; Horst, Parsons, & Bryan, 2011; Vlach & Sandhofer,

2011), and distributing learning across time (Vlach et al., 2012)

—can improve children’s memory for words. However, even

when providing these supports, children still forget newly learned

words according to a typical forgetting curve. For instance, in one

study (Vlach & Sandhofer, 2012), 3-year-olds were presented

with a naturalistic fast mapping task in which they were given a

novel label while measuring a novel object with a ruler, and then

tested on the word mapping immediately, 1 week later, or

1 month later. Across four conditions, children were either given
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no memory cues, one memory cue, two memory cues, or three

memory cues. Providing additional memory cues improved chil-

dren’s ability to retain and retrieve words after delays of 1 week

and 1 month, but children still forgot words. Thus, like other

types of learned information (Bjork & Bjork, 1992), improving

the encoding strength of words can slow forgetting, but it cannot

prevent forgetting from happening entirely.

This work might suggest that forgetting makes retrieving

words more difficult and that forgetting is therefore best charac-

terized as a constraint on language development. However, in

the next section, I propose that this memory constraint promotes

the ability to learn new words. In particular, I argue that the

years infants and children spend struggling to retrieve words is

precisely what gives rise to the more fluent retrieval of language

observed in older childhood and adulthood.

FORGETTING AS A DRIVER OF LANGUAGE

DEVELOPMENT

Forgetting makes retrieving information across time more diffi-

cult. However, this difficulty in retrieval has a silver lining:

Learners must use more cognitive effort to retrieve information,

which in turn slows the future rate of forgetting. In memory

research on desirable difficulties (Bjork, 1994; also see retrieval

effort hypothesis, Pyc & Rawson, 2009), learning conditions that

engender challenging retrieval promote long-term memory for

information.

In several studies, desirable difficulties promoted children’s

language development (Vlach et al., 2012; Vlach & Sandhofer,

2011). For instance, in one study (Vlach et al., 2012), 2-year-

olds were presented with a novel noun generalization task that

had three learning conditions: simultaneous (all objects were

presented simultaneously, preventing forgetting during learning),

massed (see Figure 1, forgetting after learning), and spaced (see

Figure 1, forgetting during and after learning). Children’s ability

to retrieve and generalize the novel word (e.g., wug) was tested

during learning and after a 15-minute delay (see Figure 2 for

information on performance across the three conditions). Chil-

dren in the simultaneous and massed conditions did not struggle

to retrieve information during learning (see Figure 2, top figure).

In contrast, children in the spaced condition failed to retrieve

the words after the first learning trial. Over the course of the

learning phase, their ability to retrieve improved with practice,

but was still less successful than in the other conditions. At the

15-minute delayed test, children in the spaced condition were

the only group that could retain the words learned earlier in the

experiment (see Figure 2, bottom figure). Thus, children who for-

got during learning had the strongest memory for words.

I propose that the years infants and young children spend fail-

ing, struggling, and then successfully retrieving words is what

give rise to the more fluent retrieval observed in older childhood

and adulthood (for a depiction of how this process unfolds, see

Figure 3). At first, infants encode words, but then forget them so

quickly that they cannot be retrieved after even a brief delay

(see the yellow and green forgetting curves in Figure 3). That is,

infants and children do not have access to any part of this speci-

fic representation (e.g., the shape of the object, the auditory

label wug) and these representations cannot be retrieved in the

future. Consequently, each time children learn the word wug, it

is not bound in memory to previous learning events.

As hippocampal networks improve with maturation and prac-

tice retrieving (see the difference in the rate between the yellow

and green forgetting curves in Figure 3), older infants and chil-

dren begin to successfully retrieve components of learned words

at subsequent learning events (e.g., retrieving information about

the purple wug when presented with the blue wug, such as the

shape of the object). At first, retrieving these words successfully

requires much cognitive effort (see the purple vertical dotted line

in Figure 3). However, by successfully retrieving words learned

Figure 2. Results adapted from Vlach et al. (2012; Experiment 2). The top
figure represents the mean number of retrieval successes by retrieval event
(first retrieval event at second wug presentation, second retrieval event at
third wug presentation, and third retrieval event at fourth wug presentation)
and condition (simultaneous, massed, and spaced). The bottom figure repre-
sents mean number of correct responses at the 15-minute delayed test by
presentation timing condition (simultaneous, massed, or spaced). Children
in the spaced condition struggled to retrieve words during learning, but had
the highest test performance across time. Error bars in both figures repre-
sent standard errors. [Color figure can be viewed at wileyonlinelibrary.com]
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earlier, children reactivate the memory of the word and bind it in

memory to the current word learning event. This cognitive effort

in memory reactivation in turn improves the retrieval strength of

the word and slows the future rate of forgetting for that word.

This process repeats itself with each new exposure to the

word; with increased exposure comes more practice retrieving

words, leading to slower forgetting (see the last forgetting curve

in Figure 3) and fluent retrieval (see the shortest dotted vertical

line in Figure 3). Children readily retrieve multiple dimensions

of the representation (e.g., shape, color, and textures of the

object, other related words) with ease. Indeed, repetition is more

than just an opportunity to enhance encoding; the forgetting

between repetitions gives children experience remembering

words. Thus, forgetting is a mechanism that drives children’s

word learning and language development.

In summary, it is often assumed that rapid forgetting uniformly

constrains infants’ and children’s word learning. Indeed, forget-

ting causes young learners to fail to retrieve words. However,

research shows that forgetting promotes children’s long-term

memory for words (Vlach, 2014; Vlach et al., 2012). A more

accurate characterization of forgetting is that it is a double-edged

sword mechanism of word learning: While it causes language

development to be slow and difficult initially, it also causes chil-

dren to dedicate cognitive effort to storing and remembering

information, eventually leading them to retrieve words with ease.

NEXT STEPS: A THEORY OF HOW CHILDREN LEARN

TO REMEMBERWORDS

We know relatively little about how infants and children suc-

cessfully store and retrieve words from long-term memory. As an

important next step in the field of language development, we

need to shift our focus from debating philosophical arguments of

how children encode words (e.g., associative accounts vs.

hypothesis-testing accounts) to constructing a theory of how chil-

dren learn to remember words. This new theoretical account

should describe memory constraints as double-edged sword

mechanisms; a single memory process, such as forgetting, is

likely to simultaneously hinder and promote word learning.

Indeed, researchers need to identify both sides of the sword

for an accurate characterization of how language acquisition

develops.

In building a new theory of how children learn to remember

words, I suggest that researchers take the following five steps:

First, they should continue studying forgetting and word learn-

ing. Forgetting has been researched for a long time (Ebbinghaus,

1964; Wixted, 2004), and researchers have only begun to con-

nect these two areas of work. Second, special consideration

should be given to studying memory consolidation; although I

have not reviewed that process here, recent research suggests

that sleep-dependent consolidation is a critical process in early

language development (Dionne et al., 2011; Simon et al., 2016;

Werchan & G�omez, 2014). Third, researchers should examine

whether and how the nature of the word-referent representation

changes with time. Do children retrieve the same representation

they encoded during learning? How does retrieving the repre-

sentation change the representation? Fourth, researchers should

identify other memory processes that are considered constraints

on language development and determine if these constraints are

actually double-edged sword mechanisms. For example, many

researchers have claimed that infants’ and children’s limited

working or short-term memory capacities constrain language

Figure 3. Hypothetical forgetting curves for words. Early in development, children rapidly forget words and are unable to retrieve previous learning
(e.g., yellow and green forgetting curves). The horizontal dotted line represents the theoretical point at which information is no longer able to be retrieved
from memory. As hippocampal networks mature with practice, forgetting slows. Children are then able to retain and retrieve words from subsequent learn-
ing events (e.g., retrieving purple wug when presented with the blue wug). The vertical dotted lines represent the cognitive effort required to retrieve and
bind the previous memory with the current word learning event. This cognitive effort results in increased retrieval strength for the word, slowing the future
forgetting rate. With each repetition of the word this process continues, eventually leading to slow forgetting and fluent retrieval of words. [Color figure can
be viewed at wileyonlinelibrary.com]
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learning (Adams & Gathercole, 2000; Gathercole & Baddeley,

2014). However, studies with adult learners suggest possible

benefits to having limited working or short-term memory (DeC-

aro, Thomas, & Beilock, 2008; Gaissmaier, Schooler, & Ries-

kamp, 2006). Finally, researchers should examine whether

findings from laboratory-based tasks scale up to real contexts.

Focusing on memory processes in word learning also affords

an opportunity to bridge psychological science with applied set-

tings. Although investigating philosophical arguments about lan-

guage has generated many theories of language learning, this

work has led to very few recommendations for how to teach chil-

dren language in real contexts. Speech-language pathologists

and educators have called for more research on memory and

language development because this type of work would be valu-

able for designing language interventions (Storkel, 2015); many

patients and students struggle to retain and retrieve words across

time (Sharon et al., 2011; Storkel, 2015; Warren et al., 2016).

Indeed, a theory of how children learn to remember words may

be the greatest gift language researchers can give practitioners.
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