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Infants’ Memory for Spoken Words
Peter W. Jusczyk and Elizabeth A. Hohne

Infants’ long-term retention of the sound patterns of words was explored by exposing
them to recordings of three children’s stories for 10 days during a 2-week period when
they were 8 months old. After an interval of 2 weeks, the infants heard lists of words that
either occurred frequently or did not occur in the stories. The infants listened significantly
longer to the lists of story words. By comparison, a control group of infants who had not
been exposed to the stories showed no such preference. The findings suggest that
8-month-olds are beginning to engage in long-term storage of words that occur fre-
quently in speech, which is an important prerequisite for learning language.

T'he latter half of the infant’s first year is a
critical point in acquiring a language. Dur-
ing this period, language learners take their
first steps toward acquiring a vocabulary.
Young infants already possess many of the
speech perception capacities required for
learning words (1). Infants younger than 6
months distinguish a wide range of speech
contrasts (2) and have some capacity to
compensate for differences in voices (3) and
speaking rates (4). Moreover, after 6
months, infants demonstrate some recogni-
tion of the particular phonetic and prosodic
characteristics of their native language (5).
Finally, 7.5-month-olds have another im-
portant prerequisite for lexical develop-
ment: the ability to segment fluent speech
into word-sized units (6-8).

As important as these speech percep-
tion capacities are, the acquisition of vo-
cabulary requires many other capacities,
such as the ability to learn meanings and
to attach them to the appropriate verbal
labels. Most critically, vocabulary acquisi-
tion requires some long-term retention of
both meanings and verbal labels. Yet this
latter aspect of vocabulary acquisition has
not been well documented. In contrast to
the considerable information that exists
about early speech perception capacities
(9), it is surprising that so little is known
about infants’ long-term memory for the
sound patterns of words. The present in-

P. W. Jusczyk, Departments of Psychology and Cogni-
tive Science, Johns Hopkins University, Baltimore, MD
21218, USA.

E. A. Hohne, AT&T Labs, Holmdel, NJ 07733-3030,
USA.

1984

vestigation explores this critical prerequi-
site for vocabulary acquisition.

To investigate infants’ long-term reten-
tion of information about the sounds of
words, we visited 15 8-month-old infants in
their homes 10 times each during a 2-week
period. On each occasion, while seated in a
chair, infants heard 30 min of prerecorded
speech consisting of three short stories for
young children (10, 11). In addition to
recording the three stories, each talker also
recorded a list of 72 content words, in cita-
tion form. Thirty-six of these words consist-
ed of the most frequently repeated content
words in the three stories (12). The remain-
ing 36 words were foil words that never
occurred in the stories. Each of these foils
was chosen to match as closely as possible
one of the story words with respect to the
overall frequency of occurrence in English
and to sound properties such as stress pat-
tern and phonetic characteristics (such as
vowel qualities and manner of articulation
of consonants). Each of the 36 story words
was randomly assigned to one of three test
lists. Then the same words were randomly
assigned once again to three more lists to
create a total of six different story-word
lists. The same procedures were followed
with the foil words to create six different
lists of these items. Examples of typical
story-word and foil lists are shown in Fig. 1.

Two weeks after the last of the 10 home
visits, each infant was brought to the labo-
ratory so that her or his retention of the
sound patterns of words in the stories could
be examined. Our hypothesis was that if
infants attended to and stored in memory
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the sound patterns of frequently occurring
words in the stories, they might show sub-
sequent recognition of these sound patterns
by demonstrating listening preferences for
these items over unfamiliar items. The
head-turn preference procedure—a widely
used computer-automated method in infant
speech research (6, 7, 13, 14)—was selected
for testing the infants (15, 16).

Mean times of listening to the story-
word and foil lists were calculated for each
infant, based on the infant’s fixations of the
flashing light on each trial (17). As shown
in Fig. 2 (left), the infants had significantly
longer mean listening times for the lists
with the story words than for the lists with
the foils [¢(14) = 3.44, P < 0.005]. This
listening preference for the lists of story
words is consistent with the prediction that
the infants extracted, encoded, and re-
tained information about the sound pat-
terns of frequently occurring words in the
stories. However, despite the efforts made
to equate the story-word and foil lists in
critical aspects such as their phonetic char-
acteristics and frequency of occurrence in
the language, it is possible that the infants’
prior experience with these words in the
stories is not the crucial factor responsible
for the listening preferences observed. Per-

Examples of Test Materials

Story-Word List Foil Word List
sheeze aches
elephant apricot
ants sloth
gray jaunt
vine ox
python lanterns
peccaries caribous
back front
laugh burp
out change
best beach
jungle camel

Fig. 1. Examples of typical story-word and foil
lists.
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haps the story words were simply more in-
trinsically interesting than the foil words. If
so, infants might show a preference for
these items even without any prior exposure
to the words in the stories.

To check this possibility, we tested an
additional group of 15 9-month-old infants
with the same methods and materials, but
the infants had no prior period of exposure
to the stories. As shown in Fig. 2 (right),
infants without experience listening to the
stories did not display any preferences for
the lists of story words [t(14) = -0.42, P >
0.60]. If anything, these infants listened
slightly longer to the foil words. Thus, there
is no indication that the story words are
simply more interesting to listen to than the
foil words (18).

The present findings have important im-
plications for understanding the course of
language acquisition. These results indicate
that 8- to- 9-month-olds engage in long-
term encoding and retention of information
about the sound patterns of words that oc-
cur frequently in fluent speech, even when
there is little contextual support from the
surrounding environment (that is, a prere-
corded voice on audio tape). Long-term
storage of sound patterns of words is obvi-
ously a prerequisite for acquiring vocabu-
lary. Additionally, storage of sound patterns
may provide the necessary database for
drawing inferences about the types of pho-
netic and prosodic patterns that recur fre-
quently in the native language.

Story Words Foils
8
7
6.

Listening time (s)
w J‘h (4]

N
!

0 | / /,,-) i '//' /s
Prior Exposure No Exposure

Fig. 2. (Left) Mean listening times and standard
error bars for infants who, as 8-month-olds, had
heard the stories on 10 different occasions before
being tested. (Right) Comparable mean listening
times and standard error bars for infants who were
tested on the story-word and foil lists without any
prior exposure to the stories.
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The present study also provides further
confirmation that infants at this age are
beginning to segment words from fluent
speech (6). The fact that the initial expo-
sure to the words occurred in fluent speech
contexts and subsequently led to listening
preferences for citation versions of the
words suggests that infants not only attend-
ed to and stored the sound patterns of words
that recurred in the stories, but also that
they have some means of representing these
patterns and compensating for different
acoustic-phonetic forms of the same words.
These findings about the abilities of infants
to store the sound patterns of words com-
plement others that pertain to the concepts
picked out by words. For example, infants as
young as 3 months can segment the visual
world into categories and internally repre-
sent these very rudimentary concepts (19).
They also make inferences about the prop-
erties of physical objects (20). These over-
lapping developments in the abilities to
segment, encode, and retain information
about both sounds and object categories
form the foundation for learmning words.
Both labels (that is, sound patterns) and
concepts (that is, meanings) are required for
building a lexicon. Word learning depends
on associating underlying categories or con-
cepts with the internalized representations
of the sound patterns of words. The fact
that infants retain information about sound
patterns over a 2-week interval suggests
that this process sometimes begins by first
storing a familiar sound pattern, then at-
taching a meaning to it (as well as by
subsequently learning the verbal label that
goes with an already known meaning or
concept). Finally, infants’ close attention to
and retention of sound patterns that occur
frequently in the input suggests that this
aspect of language acquisition can be char-
acterized as a form of innately guided learn-
ing: that is, infants are primed to learn some
things very rapidly and to learn them in a
particular way (9, 21).
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LKLF: A Transcriptional Regulator of
Single-Positive T Cell Quiescence and Survival

Chay T. Kuo, Margaret L. Veselits, Jeffrey M. Leiden*

Mature single-positive (SP) T lymphocytes enter a “resting” state in which they are
proliferatively quiescent and relatively resistant to apoptosis. The molecular mechanisms
regulating this quiescent phenotype were unknown. Here it was found that the expres-
sion of a Kruppel-like zinc finger transcription factor, lung Kruppel-like factor (LKLF), is
developmentally induced during the maturation of SP quiescent T cells and rapidly
extinguished after SP T cell activation. LKLF-deficient T cells produced by gene targeting
had a spontaneously activated phenotype and died in the spleen and lymph nodes from
Fas ligand-induced apoptosis. Thus, LKLF is required to program the quiescent state of
SP T cells and to- maintain their viability in the peripheral lymphoid organs and blood.

Single-positive (CD4% or CD8") mature T
cells circulate through the blood and pe-
ripheral lymphoid organs in a quiescent or
resting state until they encounter their cog-
nate antigen bound to a major histocom-
patibility molecule (MHC) on the surface
of an appropriate antigen-presenting cell
(I). Engagement of the T cell antigen re-
ceptor (TCR) by the peptide antigen—
MHC complex leads to T cell activation, a
process that involves the highly orchestrat-
ed expression of more than 100 new genes
and concomitant cell cycle progression and
proliferation (2). Activated T cells acquire
a characteristic set of cell surface markers
and are more sensitive to apoptosis (3, 4).
Many activated T cells die in the peripheral
lymphoid organs from activation-induced
cell death, an apoptotic pathway that has
béen postulated to protect the host against
autoimmune disease (5). Several transcrip-
tion factors, including activation protein—1
(AP1), nuclear factor of activated T cells
(NFAT), nuclear factor—kappa B, (NF-«kB),
and the cAMP response element binding
protein (CREB), are known to be important
positive regulators of activation-specific T
cell gene expression (6, 7). However, it was
not known if specific transcription factors
are also required to program or maintain the
quiescent state in resting SP T cells (8).
The erythroid Kruppel-like factor (EKLF)
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is an erythroid-specific zinc finger transcrip-
tion factor that binds to CACCC sequence
motifs in the promoter of the 3-globin gene
and regulates the terminal stages of ery-
throid development (9). To identify EKLF-
related genes that might play a similar role
in T cell development, we screened an em-
bryonic mouse ¢cDNA library under low-
stringency hybridization conditions with a
probe derived from the zinc finger region of
EKLF (10). We identified three additional
KLF family members, BKLF, GKLF, and
LKLF (11). To determine whether any of
these other KLF proteins might partici-
pate in T cell development, we hybridized
Northern (RNA) blots ‘and mouse tissue
sections to probes specific for each cDNA.
LKLF was expressed in the lung, the vascu-
lature, the heart, skeletal muscle, kidney,
and testis as well as in the lymphoid organs
of the mouse (Fig. 1A) (12). Within the
thymus, LKLF was expressed exclusively in
lymphoid cells in the thymic medulla, a
region that contains mature SP thymo-
cytes (Fig. 1B). LKLF was also expressed in
large amounts in lymphoid cells in the
white pulp of the spleen (12). To more
precisely characterize LKLF expression in
the hematopoietic lineages, we did North-
ern blot analyses on purified populations of
hematopoietic cells (Fig. 1A). LKLF was
expressed in both CD4" and CD8* SP
thymocytes and splenocytes, but it was un-
detectable in less mature double-positive
(DP) CD4*CD8" thymocytes (Fig. 1A).
LKLF was also expressed in B220" immu-
noglobulin M (IgM)—positive splenic B
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cells and in bone marrow macrophages (Fig.
1A). LKLF mRNA and protein were de-
creased significantly after the TCR-mediat-
ed activation of quiescent splenic T cells
(Fig. 1, C and D). Degradation of the LKLF
protein preceded disappearance of the
mRNA, suggesting that both LKLF mRNA
and protein are regulated after T cell acti-
vation. This developmentally and activa-
tion-regulated pattern of expression sug-
gested that LKLF might play an important
role in regulating the function of resting SP -
T cells in vivo.

We used homologous recombination in
murine embryonic stem (ES) cells to pro-
duce a targeted mutation of the LKLF gene
(Fig. 2A). The resulting null mutation de-
leted the entire LKLF gene. Heterozygous
(LKLF*/~) mutant ES cell clones produced
with a phosphoglycerate kinase-neomycin
resistance (PGK-neo”) targeting vector (Fig.
2A) were retransfected with a PGK-hygro-
mycin resistance (PGK-hygro™) targeting
vector (Fig. 2A) to produce three indepen-
dently derived homozygous (LKLE~/~) ES
cell clones. The genotypes of these clones
were confirmed by Southern (DNA) blot
analysis (Fig. 2B). Each clone contained
single neo” and hygro” integrations. By
Northern blot analysis, each of the homozy-
gous clones lacked detectable LKLF mRNA
(Fig. 2C).

LKLF*/~ ES cell clones were used to
produce chimeric mice, which transmitted
the targeted allele through the germ line
(13). Heterozygous (LKLF*/~) mice were
phenotypically normal and were bred to
produce LKLF-deficient animals. Mice ho-
mozygous for the LKLF mutation died
between embryonic days 12.5 and 14.5 as
a result of intra-amniotic and intra-embry-
onic hemorrhages (13). To analyze the
role of LKLF in lymphoid development
and function, we injected three indepen-
dently derived LKLF~/~ ES cell clones
and two LKLF*/~ ES cell clones into re-
combinase activating gene 2-deficient
(RAG-27/7) blastocysts (14) to produce
LKLF*'~RAG2~/~ and LKLF~/~RAG2~/~
chimeric mice. Because mature B and T
cells cannot develop in the absence of
RAG-2, all B and T cells in such chimeric
mice are derived from the LKLF~/~ ES
cells. Thus, the RAG-27/~ chimera sys-
tem provides a stringent test for the in-
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