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Abstract

Work by Flavell, Beach, and Chinsky indicated a change in the spontaneous production of overt verbalization behaviors
when comparing young children (age 5) with older children (age 10). Despite the critical role that this evidence of
a change in verbalization behaviors plays in modern theories of cognitive development and working memory, there
has been only one other published near replication of this work. In this Registered Replication Report, we relied on
researchers from 17 labs who contributed their results to a larger and more comprehensive sample of children. We
assessed memory performance and the presence or absence of verbalization behaviors of young children at different
ages and determined that the original pattern of findings was largely upheld: Older children were more likely to
verbalize, and their memory spans improved. We confirmed that 5- and 6-year-old children who verbalized recalled
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more than children who did not verbalize. However, unlike Flavell et al., substantial proportions of our 5- and 6-year-
old samples overtly verbalized at least sometimes during the picture memory task. In addition, continuous increase in
overt verbalization from 7 to 10 years old was not consistently evident in our samples. These robust findings should be
weighed when considering theories of cognitive development, particularly theories concerning when verbal rehearsal

emerges and relations between speech and memory.
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Speech is intertwined with thinking to such a degree
that imagining thinking without verbalization is difficult.
Self-directed speech may be used to support cognition.
Early theories of cognitive development stipulated that
such goal-directed speech emerges as overt motor pro-
ductions, which become internalized as children mature
(Vygotsky, 1962). Flavell et al. (1966) documented the
prevalence of young children’s overt speech-related
motor productions during a verbal short-term memory
task. Their article has become a seminal work supporting
theories of verbal memory and cognitive development
more generally. Their clear and compelling results pro-
vided a rough timeline of the developmental trajectory
of applying speech to memorizing: Children 5 to 6 years
old almost never verbalized at any point during the
memory task, but verbalization instances increased in
7- to 8-year-old and 10- to 11-year-old children. Flavell
et al. interpreted this pattern as confirming the produc-
tion deficiency hypothesis, meaning that before age 7,
children usually do not even produce the helpful ver-
balizations that might mediate improved memory per-
formance. These striking findings have constrained
theories about how children approach memorizing and
why memory spans for verbalizable information increase
throughout childhood.

Since the publication of these seminal findings by
Flavell et al. (1966), a similar developmental trajectory
has been proposed for the use of self-directed speech in
other cognitive domains. Using speech overtly to support
problem-solving is believed to occur before the develop-
ment of covert, inner speech (Alderson-Day & Fernyhough,
2015): Evidence suggests that by age 7, children use
overt, private speech (i.e., not directed toward another
individual) in service of task goals, including task switch-
ing (Kray et al., 2008) and problem-solving (Al-Namlah
et al., 20006). Eventually, evidence for the use of speech
in service of thought transitions from recordable private
speech to other physical actions that hint at covert speech
(e.g., lip movements) or indirect experimental effects that
imply verbal recoding, such as phonological similarity
effects (Henry et al., 2012).

Flavell et al’s (1966) early and striking evidence of
children’s shift toward verbalizing memoranda around

the age of 7 years has retained its influence largely
because their study was conducted with impressive con-
scientiousness. Flavell et al. asked children to remember
sequences of pictures representing common items. They
took great care not to encourage the children to name
the pictures during the trials. The experimenter indicated
the picture sequence by pointing to the pictures, and
during a 15-s retention interval, the child’s eyes were
obscured by a helmet with its visor down so that the
experimenters could watch the child’s face closely with-
out risking nonverbal communication or awkwardness.
With the visors raised again, the children responded by
pointing to the pictures in serial order so that speech
was never necessary during any part of the procedure.
However, speech was also not restricted or explicitly
discouraged. The main dependent variable of interest
was whether the child spontaneously named the pic-
tured items at any point during the trial. Rather than
depend solely on overt speech, Flavell et al. additionally
arranged for an experimenter practiced in lip-reading to
watch the children during the task and record lip move-
ments that were consistent with covert rehearsal of the
pictures’ names. Their careful design and detailed report
inspired confidence that the researchers sincerely
attempted to detect evidence of overt verbalization.
These unambiguous findings have spurred theory
about how memory develops across childhood. Some
researchers believe that the emergence of verbal
rehearsal use around age 7 suggests that the working
memory component specializing in verbal rehearsal, the
phonological loop, typically matures around age 7 (e.g.,
Gathercole, 1998; Hulme & Tordoff, 1989; Kail & Park,
1994). Evidence about the emergence of phonological
similarity effects, which could occur only when remem-
bering picture stimuli if participants opted to verbally
recode the images, is often seen as being consistent with
this assumption (e.g., Conrad, 1971; Henry et al., 2012).
However, it remains unclear whether phonological simi-
larity effects in children younger than age 7 are small or
nonexistent (Jarrold & Citroen, 2013; Jarrold et al., 2015).
Assuming a qualitative shift to verbalization behavior
due to the emergence of a phonological loop depends
on demonstrating that phonological similarity effects are
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truly absent before some shifting point. Detecting dif-
ferences in the magnitude of phonological similarity
effects is hindered by proportional scaling artifacts.
Jarrold and Citroen (2013) have demonstrated that the
size of these effects is proportional to the length of the
memory list to be recalled. Because the youngest chil-
dren recall the shortest lists, they would be expected to
show the smallest effects, but proportionally, their small
effects are equivalent to those of older children. Although
these demonstrations stop short of showing that children
younger than 7 actually show comparable effects of
internal verbalization to children older than 7, they also
cast doubt on decades of research that appeared to show
robust differences in these effects with increasing age.

Given the concerns about what can be inferred from
the development of word length and phonological simi-
larity effects and about the status of the hypothesized
correlation between speech rates and memory span in
young children (Jarrold & Hall, 2013), the findings of
Flavell et al. (1966) arguably constitute the strongest
evidence for the notion that verbal rehearsal emerges
around age 7. However, this finding was produced, to
our knowledge, only twice: by the original Flavell et al.
study and a subsequent extension by Keeney et al.
(1967). Although these two studies were exquisitely well
designed and informative, they were based on samples
of 60 children from the greater Rochester, New York,
region and 89 children from the St. Paul, Minnesota,
region, respectively, during roughly the same period in
time. Therefore, in the current report, we examined the
evidence that holds a key place in theoretical memory
development. Specifically, in this contemporary replica-
tion, we examined Flavell et al’s findings in geographi-
cally diverse international samples to determine whether
the original findings are generalizable to modern data-
collection techniques (e.g., computerized task presenta-
tion). Furthermore, this many-labs direct replication
provided (a) greater detail about when any shift toward
verbalization during memory tasks likely occurs, (b)
further evidence regarding recent questions raised
about children’s rehearsal behaviors before the shift,
and (c¢) additional generalization of the findings to a
larger and more diverse sample, which will reveal how
stable the verbalization onset age is with respect to
regional differences in the ages that children begin for-
mal schooling.

The original study of Flavell et al. (1966) was a model
of thorough, conscientious research design, full of detail
that demonstrated how carefully the researchers thought
through the implications of their testing procedure. The
results inspired numerous follow-up studies (i.e., as of
December 2018, Google Scholar listed 1,088 citations;
Web of Science listed 518), but no one precisely replicated
the essential components of the original study’s methodol-
ogy. Flavell et al. provided detailed tabular data in their
report itself. Unfortunately, the tabular data available were

insufficient for precise estimates of when children begin
spontaneously verbalizing or for quantifying the large
individual differences one would reasonably expect in
this estimate. Furthermore, these tabular data do not
allow for systematically linking emergence of speech
behaviors with improved recall. Flavell et al. attempted
to test this link but were forced to test it on only a subset
of their data, divided via an arbitrary post hoc procedure
that was explicitly motivated by the need to divide a
small sample of 7- to 8-year-olds into roughly equal
groups of children who produced speech and children
who did not. We did not think these limitations resulted
from Flavell et al’s research design. Rather, much larger
and more diverse samples would have been needed to
draw general conclusions about the timing of any such
shift toward verbalization, how much variability could
be reasonably placed around it, and whether it would
directly improve recall.

Furthermore, to the extent that participation in formal
education influences the age at which children begin
to apply verbal strategies for remembering, it is crucial
to gain a broader perspective on direct verbalization
evidence. The seminal work of Flavell and colleagues
(1966) was conducted in the mid-1960s in Rochester,
New York. Since that time, many studies on the devel-
opment of short-term memory and working memory in
children have been conducted, but regional differences
in approaches to education have previously not been
considered with regard to whether and when children
engage verbalization in the service of memory. For
example, the typical age at which children begin formal
schooling has changed in the United States since Flavell
et al’s study and still differs from when children else-
where begin formal schooling. Prekindergarten pro-
grams in the United States began to appear in the
mid-1960s but did not become widespread until the late
1970s (Administration for Children and Families, 2019).
By 2014, only 43% of U.S. 3-year-olds and 66% of U.S.
4-year-olds were enrolled in prekindergarten (U.S.
Department of Education and National Center for Edu-
cation Statistics, 2016). In contrast, in the UK, these per-
centages were strikingly higher, with 96.3% of 3- and
4-year-old children in preschool programs (Department
for Education, 2017). Differences in formal education
practices may lead to differences in the onset of proactive
verbalization in children, which muddies conclusions one
can draw from individual local studies. Collecting data
about verbalization behaviors in large samples in a vari-
ety of locations affords the opportunity to discern how
much regional variability there is in both verbalization
behaviors and short-term memory measures and presents
the chance to observe whether these behaviors are linked
to regional differences in schooling.

We followed Flavell et al.’s (1966) protocol, including
the use of a prop to obstruct vision during delay periods,
with a few modern updates aimed at providing better
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control of timing and randomization of stimuli, which
was essential for controlling the administration of the
tasks across multiple sites. However, we remained as
true to the original procedure as possible. For example,
in providing instructions to the children regarding their
response to the stimuli, we used similar language (e.g.,
p. 287 of the original manuscript states, “First I point to
this one, and then I point, etc.”; for specific details, see
the protocol on our OSF page, https://osf.io/pn4rk/). In
addition, we increased the precision in ages in the
potential inflection region. Flavell et al. tested 5-, 7-, and
10-year-old children who were kindergartners and sec-
ond and fifth graders in the U.S. school system, respec-
tively. We increased precision by adding 6-year-olds (i.e.,
first graders in the United States). We also presented
stimuli and recorded responses via computer using lab
Jjs, a browser-based tool for designing and sharing openly
available experimental tasks (Henninger et al., 2019), to
minimize differences in administration that could occur
across sessions and labs. We also gathered information
about educational experiences, including enrollment in
preschool programs (also known as prekindergarten) and
the ages at which children began formal schooling.

Method in the Original Study

Participants

Sixty children were tested, 20 each from kindergarten
(mean age = 69 months), second grade (mean age = 93
months), and fifth grade (mean age = 129 months). There
were 10 boys and 10 girls tested in each age group.

Materials and procedure

Participants began with two practice trials of two items
each. They were shown two pictures, and the experi-
menter pointed to them in a specific order “at the rate
of one point per 2 seconds” (Flavell et al., 1966, p. 289).
There were two conditions: immediate recall and delayed
recall (in which recall was delayed by 15 s after presen-
tation of the final list item), and the children always
indicated their response by pointing. The order of pre-
sentation of the immediate and delayed recall conditions
was counterbalanced such that half of the children
received immediate recall first, and half received delayed
recall first. The picture naming tasks were always last.
The testing lasted approximately 20 to 25 min. List
lengths varied by age group, with the 5- and 7-year-old
children receiving one list per delay condition at each
length two to four and the 10-year-old children receiving
one list at each length three to five.

The participant was semiblindfolded during the 15-s
delay period using a “space helmet.” The procedure
included time to habituate to the feeling of wearing the

space helmet and to understand the verbal commands
of “Visor Up!” and “Visor Down!” needed to ensure that
the participant could see the stimulus presentation but
was undisturbed during the retention interval.

Then, after the recall portion, participants were asked
strategy questions:

When he pointed to the pictures, you knew you
were supposed to try to remember them, so you
could point to the same ones afterward. Right?
What did you do to remember them? I mean, how
did you go about trying to keep them straight in
your head? (Flavell et al., 1966, p. 289)

These questions were meant to give children every pos-
sible chance of somehow indicating that they attempted
to remember the pictures by verbally rehearsing their
names.

Next, participants were asked to review the set of
pictures and to provide verbal labels for each of the
items used. The experimenter pointed to each picture,
and the child was asked to label each one. It was simply
naming one item at a time. Following this, participants
performed another version of the delayed recall task
again, referred to as “Point and Name.” It followed the
same procedure as the delayed recall task except that
the participants overtly named the pictures during pre-
sentation and recall.

One of the experimenters was trained to observe the
children and to look for mouth movements consistent
with saying the names of the pictures in the set. This
experimenter was not aware of the contents of the trial,
nor could he see the pictures on each trial. The stimuli
chosen were set to elicit “large and conspicuous mouth
movements” that “were distinctive and discriminable,”
such as “pipe” and “flag” (Flavell et al., 1966, pp. 286—
287). The complete set of stimuli included drawings of
an apple, comb, American flag, two yellow flowers on
a stem, a moon, an owl, and a pipe.

Method

We developed a modernized version of Flavell et al.’s
(1966) experimental protocol to better facilitate organiz-
ing data collection across multiple sites while preserving
the key components of the original work, such as using
a pointing response, obscuring children’s vision during
retention to decrease the likelihood that they discovered
their lip movements were being monitored, and ensuring
that the researcher scoring the lip movements was blind
to the stimuli presented. The stimuli were randomly
selected without replacement at run time per participant
and presented via computer rather than manually so that
their timings were identical regardless of experimenter.
During presentation, the set of seven pictures were
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displayed in a horizontal row across the computer
screen. The pictures to be remembered were highlighted
for 2 s each, and then the set of pictures was random-
ized again before recall. The experimenter followed the
participant’s gestures with the mouse to record which
picture the child pointed toward in real time. Minor
changes were made to the pictorial stimuli (described
below) to ensure that the stimuli in the set would be
familiar to contemporary children as young as 5 years
old. We included 6-year-olds in addition to 5-, 7-, and
10-year-olds to get a more precise estimate of when a
shift toward verbalization might occur. Finally, there was
no performance-based stopping rule. Instead, in each
list-memory phase, two lists were presented at each list
length used (two, three, four, and five items), as opposed
to just one list per length in the original procedure.
These changes lengthened the session somewhat, but
importantly, they ensured that each child completed
the same number of trials and therefore had the same
number of opportunities to demonstrate verbalization
behavior.

After the immediate and delayed recall tasks, the
experimental program prompted the children to describe
their approach to remembering the pictures in an open-
ended response that was entered by the experimenter.
This followed the original procedure of Flavell et al.
(1966) and used the same language as Flavell et al.
reported in their article. We added more specific follow-
up prompts that could be endorsed with a yes or no
response if there was additional discussion by the child
about the strategies that they used (e.g., I said the pic-
tures to myself, one at a time), but these prompts were
not required.

Participants

We encouraged participating labs to recruit 80 children
in total: 20 each of 5-, 6-, 7-, and 10-year-olds. In pilot
testing, the experimental session lasted 25 to 30 min. To
avoid bias and p-hacking, we advised every contributing
laboratory to aim to collect 20 participants in each of
the four age groups so that each lab-level study may
reasonably replicate Flavell et al. (1966), but we allowed
labs to collect larger samples whenever feasible, pro-
vided that the lab documented that any classical infer-
ential analyses performed did not occur before all data
collection ended. No instances of data-peeking were
reported to the analyst when recruitment ended. Mini-
mally, each lab committed to recruiting eight children
per age group. Regardless of sample size, labs were
asked to recruit the same numbers of boys and girls in
each age group. Because this combined effort from mul-
tiple labs afforded a meta-analytic estimate as well as
individual replications, we did not consider it necessary

for each individual attempt to have higher statistical
power than Flavell et al. had.

Data from labs contributing at least eight children in
the relevant age groups for an analysis were included
in lab-level analyses; all data were included in analyses
in which identifying a per-lab effect was not the aim.
We recruited typically developing children. Therefore,
exclusionary criteria included having a developmental
delay or neurocognitive disorder, hearing loss, or other
significant health problem that could cause a discrep-
ancy between mental age and chronological age or dif-
ficulty with pointing (e.g., an arm in a cast or sling).

Stimuli and software

Given the international effort to replicate the original
study, two changes were made to the original pictorial
stimuli. The American flag was replaced by a generic
blue flag, and the pipe was replaced by an image of a
pencil. The pictorial stimuli were taken from the Bank
of Standardized Stimuli (Brodeur et al., 2010, 2014). For
the specific file names of the images we used, see our
online supplementary materials (https://osf.io/gwxq7/
wiki/home/).

The program was created using lab.js, which is graphi-
cal interface for creating Javascript experiments (Henninger
et al., 2019).

Local procedures

Every participating laboratory followed a common pro-
tocol based on Flavell et al’s (1966) procedure that
incorporated the updates we described above. Our lab
.js program ensured that stimulus presentation and
response recording were standardized across labs. There
were nonetheless minor local differences between the
settings in which the data were collected, which are
described in more detail on the OSF project page
(https://osf.io/pn4rk/). Ethical regulations governing
data collection per locale varied somewhat (e.g., as to
whether video recordings could be made); further details
are provided in the individual procedure descriptions.

Results

Summary of deviations from the
preregistered plan

The analyses we report below deviate from our Stage 1
plan in the following ways. First, we provide per-lab
participant exclusions as a summary in text and details
on the individual lab procedures in our online supple-
ment rather than in our demographic table (Table 1).
We chose to alter this to keep Table 1’s size manageable.
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Second, we added calculations of interrater reliability of
the children’s qualitative reports of the strategies they
used to complete the task. This step was mentioned in
our preregistered data-processing script but not in our
Stage 1 manuscript. Our most substantial alteration
involved data preparation for the analyses investigating
whether spans and speech behavior during the delay
period increased under the point-and-name instructions.
Before data collection, we were concerned that the
researcher coding speech behaviors during the point-
and-name task would have been biased by hearing the
child articulate the picture names during encoding; this
would mean that unlike in the delayed recall task, the
coder would always have had information about what
the correct list sequence was, which may have influ-
enced the coder’s judgments. We therefore thought to
restrict comparisons of the point-and-name and delayed
recall data to sessions that were video-coded so that
coders could observe and rate lip movements without
sound. However, we ultimately chose not to request this
extra coding on the subset of our data that afforded it.
Researchers reported that overt speech was far more
prevalent than speechless lip movements, which means
that coders would not usually have resorted to lip move-
ments when coding during either kind of trial. Interrater
agreement (as available) was usually quite high, which
suggests that coders did not have trouble performing the
mandated task of identifying whether at least one speech
instance was observed per period. These factors led us
to conclude that recoding videoed point-and-name tri-
als would not be worthwhile. In addition, because our
procedure emphasized regularity across participants
(including computer-controlled timing of the stimulus
presentation), many children were observed to struggle
with naming the pictures aloud on tempo; some failed to
do it without reminders. In these frequent cases, the coder
could not have been biased by hearing all of the names
in correct order during presentation. Given this unantici-
pated difficulty and the limitations it places on interpret-
ing this analysis, we decided to simply report the planned
analysis comparing point-and-name and delayed recall
without further restriction. For a complete guide to
updates we made to our Stage 1 plan in the Stage 2
manuscript, see our OSF page (https://osf.io/vy39r/).

Lab demograpbhics

The samples collected from each participating laboratory
are summarized in Table 1.

Data processing

Demographic exclusions. In the case that individual
laboratories ran participants who did not meet the study’s

explicit inclusion criteria (e.g., because the sibling of a
recruited participant also wanted to take part), these par-
ticipants were not considered part of the sample and were
not entered into any of the analyses we report here.

Picture-naming exclusions. Flavell et al. (1966) began
their analyses by discussing the findings from the picture-
naming portion to be certain that any errors in recall were
not due to a problem with production or the simple
inability to name the stimuli. They described the picture-
naming performance, documented that only a few of the
participants in the youngest age group showed any trou-
ble with naming the pictures, and continued with their
analysis. On the basis of Flavell et al’s report, we antici-
pated that only a few children would be unable to name
the pictures. However, we judged that it would be most
fair to exclude participants who did not demonstrate
knowledge of the picture’s names. Children who gave no
response or “I don’t know” to a picture prompt were
excluded. We accepted “minor” labeling errors such as
those Flavell et al. described as adequate because as long
as the child had a reasonable label for the picture, verbal-
ization could be detected (e.g., such as saying “brush”
instead of “comb”). Each lab independently determined
whether a participant’s responses to the picture-naming
prompts reflected adequate labels. Flavell et al. would
have excluded two 5-year-olds under these criteria.
Because we anticipated few exclusions and collected
large samples overall, we did not require labs to replace
participants excluded because of failures to name the pic-
tures. Sixty-one children (0%-16% per sample) out of 977
(6%) failed to name at least one of the pictures adequately
and were excluded from the analyses.

Coding of lip movements. At least one of the experi-
menters per lab was trained to recognize the lip move-
ments associated with the object names of the seven
picture stimuli (see our standardized training protocol,
https://osf.io/36ayh/). Raters were instructed to indicate on
each trial, separately during presentation, delay, and recall
(as applicable per recall task), whether the child demon-
strated verbalization behavior. The rater marked the event
1 if they observed indisputable evidence of stimulus label-
ing (e.g., hearing a specific word that matched one of the
stimulus labels, lip-reading a stimulus word with certainty,
or both). The rater assigned a 2 when they were reason-
ably certain that the child was labeling but did not identify
a specific stimulus word through either hearing or lip-
reading. Behaviors that justified a 2 included lip move-
ments consistent with stimulus labeling or murmuring.
Raters assigned a 3 when there was no discernible speech
or lip movement or when any lip movement was definitely
not speech related (e.g., pursing lips, clicking tongue,
humming) or was irrelevant to the task (e.g., asking the
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Table 1. Participant Demographics by Lab

Age in months Formal schooling
Mean years
University Group N % Male Mean age SD (age) in school SD (school)
Boys Town National Research Hospital S5yo 20 50 65 3.70 1.50 0.89
6yo 20 50 79 3.30 2.00 0.92
7yo 20 50 91 3.60 2.90 0.85
1oyo 20 50 125 3.48 6.00 0.79
Cardiff University Syo 19 53 66 2.61 0.89 0.58
Gyo 13 46 79 3.22 1.91 0.70
7yo 17 53 88 2.83 2.93 0.46
10yo 20 60 124 3.52 5.67 0.69
George Fox University 5yo 11 55 67 2.66 0.00 0.00
6yo 7 43 79 3.16 0.71 0.49
7yo 6 33 90 2.74 1.83 0.41
10yo 8 50 126 3.52 5.00 0.00
Goethe University Frankfurt am Main 5yo 37 54 68 2.66 0.00 0.00
6yo 49 45 77 3.67 0.00 0.00
7yo 45 49 89 3.76 0.24 0.43
10yo 27 56 124 291 3.37 0.49
Louisiana State University 5y0 9 56 66 3.87 0.71 0.95
6yo 10 40 76 3.98 2.30 0.95
7y0 12 33 92 3.90 3.33 1.15
10y0 8 50 126 331 6.38 0.52
Scuola Internazionale Superiore di Studi Syo 8 50 66 4.03 1.12 0.64
Avanzati (SISSA) 6yo 13 54 79 3.50 1.31 1.11
7yo 22 41 89 3.72 2.24 0.70
10yo 12 50 125 2.84 5.33 0.89
University of Auckland 5yo 18 56 64 3.37 0.00 0.00
6yo 18 56 78 2.70 1.00 0.00
7yo 20 50 91 2.39 2.00 0.00
10yo 20 50 127 3.84 5.00 0.00
University of Bristol Syo 3 100 64 4.58 1.00 0.00
6yo 8 38 77 3.11 2.00 0.00
7yo 9 44 90 3.24 3.00 0.00
10yo 10 50 124 3.86 6.00 0.00
University of Costa Rica Syo 18 50 65 3.34 0.78 0.43
6yo 20 50 78 3.09 2.00 0.00
7yo 20 50 90 3.43 3.00 0.00
10yo 20 50 127 2.62 5.00 0.00
University of Geneva 5yo 10 60 66 2.77 1.00 0.47
6yo 19 79 77 3.14 1.68 0.48
7yo 13 54 88 3.06 2.69 0.63
loyo 12 33 127 2.07 5.58 051
University of Missouri Syo 14 57 65 3.56 1.17 1.11
6yo 23 35 78 3.74 1.76 1.18
7y0 17 41 88 3.33 2.73 1.28
loyo 19 53 125 3.98 5.62 1.20
University of Oslo 5y0 14 50 64 3.79 NA NA
6yo 10 60 76 3.80 NA NA
7yo 15 47 90 3.76 NA NA
10yo 12 58 123 2.90 NA NA
University of Vienna Syo 8 50 66 2.73 0.00 0.00
6yo 8 50 78 3.60 0.00 0.00

(continued)
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Table 1. (continued)

Age in months Formal schooling

Mean years

University Group N % Male Mean age SD (age) in school SD (school)
7yo 9 44 91 3.47 0.56 0.53
10yo 8 50 129 2.14 3.50 0.53
University of Virginia 5yo 9 44 66 4.11 NA NA
6yo 9 44 79 3.00 NA NA
7yo 10 50 90 3.68 NA NA
10y0 10 60 126 337 NA NA
University of Wisconsin Syo 8 62 65 3.12 1.43 0.79
6yo 12 25 76 3.73 2,55 0.82
7yo 19 58 88 3.61 3.39 0.98
10yo 13 46 123 4.07 6.42 1.00
University of Witten/Herdecke 5yo 8 50 64 3.06 0.00 0.00
Gyo 8 50 81 3.34 0.00 0.00
7yo 8 50 86 3.07 1.00 0.00
10yo 8 50 125 3.74 4.00 0.00
Uskiidar University 5yo 6 33 65 3.93 0.67 0.82
6yo 6 67 79 4.13 1.00 0.00
7y0 7 57 90 3.74 2.14 0.38
10yo 8 50 124 3.48 5.50 0.76

Note: We relied on local definitions of formal schooling. In some regions, play-based care for young children includes little or no formal instruction;
formal instruction is widely acknowledged to begin with a specific program started by all children at a particular age. In other regions, provision is
much more mixed, with some preschools administering prereading instruction within predomoinately play-based day care. Parents in these regions
were likely to consider that their child’s formal education had begun. Values in the mean years of formal schooling column depended on the
parents’ definition of the sort of instruction that would constitute formal schooling. yo = years old; NA = not applicable.

experimenter a question). Responses 1 and 2 were accepted
as evidence of speech, as in Flavell et al. (1966).

Coding of strategy-free response. After performing the
recall tasks, participants were asked about how they
remembered the pictures. The first of these strategy ques-
tions was open-ended, and researchers typed the partici-
pant’s response for later scoring. This open-ended question
was followed up by yes-or-no questions that asked about
specific strategies, including verbalization, more directly.
When possible, two researchers reviewed the free responses
and rated whether the responses indicated unambiguous
reliance on covert verbalization. To be considered unam-
biguous, the child needed to indicate that the strategy used
was phonological in nature by referencing, for example,
their use of “words,” “names,” “sounds,” “said,” or specific
labels (e.g., apple, moon). The protocol specifically con-
trasted these examples with potential responses of “I
thought about them” and “I tried to remember them,” nei-
ther of which were considered verbalization strategies.!

Reliability of categorically coded wverbalization
bebaviors and strategy-free responses. When possi-
ble, we video-recorded sessions or involved multiple rat-
ers in the live session to allow for double-coding of lip
movements and speech behaviors. This allowed us to cal-
culate interrater reliability estimates for some samples to

increase confidence in the results. However, not all labs
were equipped to record sessions or duplicate testing
personnel, and individual children did not always con-
sent to be recorded. Nonetheless, the subset of the data
that were coded by multiple raters (available for 12 of
our 17 participating labs for verbalization ratings and 16
out of 17 for strategy-free responses) provides some
estimate of rater reliability. All recordings of children
remained local and were not shared to protect the pri-
vacy of the children who participated. We computed
Cohen’s k scores to assess interrater reliability. Because
we do not know how reliable Flavell et al’s (1966) rat-
ings were, we proceeded with our analyses regardless of
the k value obtained. Procedures for resolving interrater
disputes were decided locally per laboratory and may be
found in the Local Procedures section. The k values on
both verbalization behaviors (range = 0.70-1, Mdn =
0.95) and strategy-free responses (range = 0.33-1, aver-
age = 0.92) suggest that individual rater judgments of
speech behaviors were quite objectively determinable.

Classification and description
of verbalization bebaviors
In their Table 1, Flavell et al. (1966) indicated whether

participants in each age group spoke zero times, one to
two times, or three or more times for both immediate



Multilab Direct Replication of Flavell, Beach, and Chinsky (1966) 9

Table 2. Number of Children Showing Evidence of
Verbalization by Age Group

Group Never Sometimes Usually N
Syo 53 80 87 220
6yo 28 84 141 253
7yo 19 73 177 269
10yo 14 40 181 235

Note: yo = years old.

and delayed recall trials combined. We modified this to
maintain consistency with the original report because
we increased the number of trials each child experi-
enced. We ran eight trials each in the immediate and
delayed recall procedures (each child received two lists
at list lengths two to five). With only three trials each in
the immediate and delayed recall tasks, Flavell et al.
categorically divided children into three categories
according to their speech behavior: They evinced zero
instances of verbalization, one to two instances of ver-
balization, or more than three instances of verbalization.
To make a comparable table, we similarly categorized
children as speaking never (on zero out of 16 trials, in
any period of the trial), sometimes (on one to seven
trials), or usually (eight or more trials). Flavell et al.
counted both the “indisputable” (i.e., assigned rating 1)
and “reasonably certain” (i.e., assigned rating 2) levels as
indicating relevant speech production. We likewise used
this lenient scoring but reproduced all contingent analyses
using a stricter designation in which only the rating indi-
cating indisputable evidence of verbalization was consid-
ered speech production. The stricter analysis was
necessary for assessing how robust our conclusions were
to these rating decisions. For results of the stricter analy-
sis, see our online supplement Chttps://osf.io/gqym3/);
outcomes were comparable with those reported here.
For analyses in which we needed a binary representa-
tion of whether a child was a speech producer, we
leniently considered participants who sometimes pro-
duced speech as producers.

The numbers of participants who verbalized in each
age group are displayed in Table 2, which is similar to
that of Table 1 from Flavell et al. (1966). To show how
samples from individual labs looked, we present the
individual lab findings as heat maps (Fig. 1; darker colors
indicate larger proportions of instances per verbalization
behavior category). These heat maps indicate how
closely each replication matched Flavell et al’s original
data, in which verbalization transitioned from little or
no speech in the youngest group to frequent speech in
oldest group. Visual inspection of these heat maps veri-
fies that Flavell et al.’s original observation of increasing
verbalization with age was consistently observed across
the 17 participating labs. However, note that we also

observed much higher proportions of verbalization in
5-year-old children than Flavell et al. documented.

Sample-wide y?* analyses were conducted to replicate
Flavell et al’s (1966) findings. Like Flavell et al., our
omnibus y? test on these values revealed a significant
shift across ages in speech behavior, y* = 87.47, df = 6,
p < .01. Table 3 provides pair-wise y? outcomes compar-
ing the 5- and 7-year-olds, 5- and 10-year-olds, and 7-
and 10-year-olds (the same ages of children Flavell et al.
tested; we excluded 6-year-olds from these replication
analyses). We used Bonferroni correction for multiple
comparisons and considered statistically significant only
p values less than .01. Accordingly, like Flavell et al., our
omnibus analysis suggests shifts in verbalization behav-
ior between 5- and 7-year-olds and 5- and 10-year-olds
but narrowly misses the criteria for a shift between 7-
and 10-year-olds. Bayes factor contingency tests (Morey
et al., 2018) support the same inference: The Bayes
factors in Table 3 similarly suggest clear evidence for
differences between 5-year-olds and older children but
neither confirm nor disconfirm shifts in verbalization
between 7- and 10-year-olds.

For synthesizing effect sizes across labs, we fit ran-
dom effects models using the metafor package
(Viechtbauer, 2010). We considered a child a speaker if
the child ever seemed to verbalize during the memory
task (i.e., considering sometimes and usually participants
as speakers and never participants as nonspeakers). We
separately compared 5- and 7-year-olds (see Fig. 2), then
7- and 10-year-olds (Fig. 3). The forest plots in Figures
2 and 3 depict the effect sizes per lab group with 95%
confidence intervals, and the meta-analytic effect size is
represented by the diamond at the bottom of the figures.
Tests of effect size differences are given in Table 4; these
are consistent with the assumption that the variability in
effect sizes between labs was random. For 5- and 7-year-
old children, most labs observed increases in speech
behavior consistent with those reported by Flavell et al.
(1966): Here, the confidence intervals around the meta-
analytic effect size did not include zero. The evidence
was much less clear when we considered the transition
from 7 to 10 years old: Some individual labs observed
increases in proportions of participants verbalizing, but
many also did not, and intervals around the meta-analytic
effect size included zero.

Verbalization bebaviors by subtask
periods

We also divided each task into intervals corresponding
to presentation, delay, and recall and recorded verbaliza-
tion behaviors during these three intervals. These data
are presented in Table 5, which is similar to Table 2 from
Flavell et al. (1966) except that proportions rather than
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Proportion of Participants Verbalizing by Lab Location and Age Group
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Fig. 1. Proportion of participants verbalizing by lab location and age group using the categories of never, sometimes, and usually to
indicate the amount of verbalization. Lab sample sizes are given in Table 1.

raw numbers of participants are given. Flavell et al. made
two points about these data, both of which were infor-
mally supported by our descriptive values. First, they
noted that participants did not seem to be more likely
to speak during the delay period even though that is
when they had the longest opportunity to speak. We
also did not observe numerically more speech observa-
tions during delay than during presentation or recall
periods. Second, Flavell et al. observed that participants

Table 3. Pairwise y? Tests Comparing Number of Speakers
per Age Group

Ages 1 df 2 Bayes factor
5- and 7-year-olds 42.58 2 .00 3.65 x 107
5- and 10-year-olds 68.59 2 .00 3.076 x 1013
7- and 10-year-olds 8.18 2 .02 0.6097

Note: The p values are rounded to two decimal places.

appeared more likely to speak during the point-and-
name delay period than during the delay period of the
delayed recall task. Flavell et al. did not have large
enough samples to do persuasive inference on these
values. Using our entire sample, we carried out a trial-
level logistic regression on speech behavior per task,
age group, and trial period with participant specified as
a random effect nested within the random effect of lab.
We ran this more complicated analysis to accommodate
the nested structure (e.g., participants were part of one
of 17 unique samples) of our data, but our intent with
this analysis was merely to confirm whether Flavell
et al’s descriptive claims were inferentially supported.
For simplicity, we therefore report the summary statistics
given by the anova function from the R package /merTest
(Kuznetsova et al., 2020), as advised by Luke (2017),
applied to /me4 output (Bates et al., 2020). The omnibus
model revealed significant effects (ps < .05) of age group
(F = 32.24, df = 3), task (& = 51.35, df = 2), and period
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Change in Speech-Producer Categorization, 5- and 7-Year-0lds

Flavell et al. 1966

——a—— 0.50[0.25, 0.75]

Austria : 0.12 [-0.16, 0.40]
Cardiff S 0.25[0.04, 0.46]
Costa Rica —— —-0.09 [-0.28, 0.09]
Frankfurt — 0.20 [ 0.04, 0.36]
Italy —— 0.28 [-0.07, 0.64]
Louisiana —— 0.25[-0.10, 0.60]
Missouri —— 0.07 [-0.10, 0.24]
Nebraska —— 0.10 [-0.15, 0.35]
New Zealand - 0.18 [-0.07, 0.42]
Norway —— 0.22 [-0.08, 0.53]
Switzerland —— 0.02 [-0.21, 0.26]
Virginia —— 0.20 [-0.09, 0.50]
Wisconsin ———  (0.32[-0.03, 0.67]
Witten - = 1 0.25[-0.16, 0.66]
Random Effects Model — Replications Only - 0.14[0.07, 0.21]
I I I I I I I
-0.4 0 0.4 0.8

Increase in verbalization from 5- to 7-years-old

Fig. 2. Effect sizes per lab and meta-analytic effect size (with 95% confidence intervals) comparing 5- and 7-year-
olds showing any as opposed to no speech behavior. Labs with samples fewer than eight in either age group were

omitted from this analysis.

within task (#=1,069.12, df = 2) and Age Group x Task
(F = 8.76, df = 6) and Age Group x Period (F = 19.39,
df = 6) interactions. Each factor discussed by Flavell et al.
indeed appears inferentially supported, so we carried
out further analysis needed to support these claims.

To confirm Flavell et al.’s (1966) finding that speech
during the delay period was not more likely than during
presentation or recall periods of the delayed recall test,
we carried out a follow-up analysis focusing on the
delayed recall task only. In our replication, speech was

Change in Speech-Producer Categorization, 7- and 10-Year-0lds

Flavell et al. 1966 — 0.25[-0.02, 0.52]
Austria —— —0.01 [-0.21, 0.20]
Bristol —— —0.09 [-0.33, 0.16]
Cardiff —— 0.00 [-0.10, 0.10]
Costa Rica — —0.05[-0.28, 0.18]
Frankfurt il 0.06 [-0.03, 0.15]
Italy —— 0.07 [-0.09, 0.23]
Louisiana —H— 0.06 [-0.17, 0.29]
Missouri —— —0.20 [-0.40, 0.00]
Nebraska — —-0.10 [-0.35, 0.15]
New Zealand i 0.10 [-0.06, 0.25]
Norway ——— 0.12 [-0.09, 0.32]
Switzerland —— 0.07 [-0.12, 0.26]
Virginia —— 0.00 [-0.17,0.17]
Wisconsin —— 0.04 [-0.11,0.19]
Witten — 0.11[-0.17, 0.40]
Random Effects Model — Replications Only 0 0.02 [-0.02, 0.07]
I I I I I I
-04 0 0.4

Increase in Verbalization from 7- to 10-years-old

Fig. 3. Effect sizes per lab and meta-analytic effect size (with 95% confidence intervals) comparing 7- and 10-year-

olds showing any as opposed to no speech behavior.
omitted from this analysis.

Labs with samples fewer than 8 in either age group were
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Table 4. Meta-Analysis Heterogeneity Statistics

Analysis

Any vs. no speech, 5- and 7-year-olds
Any vs. no speech, 7- and 10-year-olds

2 12 HZ Q p
.002 12.936 1.149 12.110 519
.000 0.000 1.000 10.412 732

observed less frequently during the delay period (M =
0.26, SD = 0.44) than during presentation (M = 0.34, SD =
0.47) or recall (M = 0.50, SD = 0.50; F=759.32, df = 2),?
as it seemed to be in Flavell et al.’s sample.

To confirm that participants were more likely to speak
during the point-and-name delay period than during the
delay period within the delayed recall task, we carried
out an analysis focusing on the delay period only. Speech
was indeed observed less frequently during the delay
period of the delayed recall task than during the delay
period of the point-and-name task (M = 0.37, SD = 0.48;
F=34754,df=1.

Self-report of internal verbalization

The original authors (Flavell et al., 1966) also evaluated
the observations of verbalization relative to the strategies
that participants reported during the “Inquiry” section
of the task (Flavell et al., 1966, Table 3). They noted that
behaviors were largely consistent across observational
data and the self-reported answers to the strategy ques-
tions; however, 15 participants yielded inconsistent pat-
terns. These were then divided into two sets: eight
children who showed behavioral evidence of verbaliza-
tion without the matching self-report and seven children
who said they had verbalized but had not been noted
by the experimenter as producing overt speech. If the
criteria were to include both researcher observation of

verbalization and self-report of verbalization when clas-
sifying children as producing speech, the number of
5-year-old children who produced speech was still very
small (i.e., two) and was much larger in the 7- and
10-year-old children. We replicated Flavell et al.’s Table
3 across our entire sample (Table 6) and allowed for
reconsideration of totals of producers and nonproducers
when participants who self-reported internalized verbal-
izing were considered as producers along with those
who were observed performing speech behaviors. The
values in Table 6 are consistent with those reported by
Flavell et al. in that very few 5-year-olds who did not
evince speech during the session reported using verbal-
ization to remember the pictures. This value was not
very different in the older children (see Table 6), but we
observed few participants older than the age of 5 out of
a very large sample who never seemed to verbalize dur-
ing the tasks. When we account for self-reports, a fair
number of 5- and 6-year-olds still show no evidence of
verbalizing, but vanishingly small numbers of 7- and
10-year-olds do not acknowledge verbalizing by report
or observation.

Relationships between verbalizing
and memory span

Figure 4 shows the average maximum span length
recalled correctly per age group and lab; unsurprisingly,

Table 5. Proportions of Participants Spontaneously Speaking During Each Segment of Each Subtask by Age

Group
Presentation- Delay- Recall- Presentation- Delay- Recall-
Group Recall task original original original replication replication replication
5y0 Delayed 0.00 0.10 0.05 0.43 0.39 0.51
Immediate 0.05 NA 0.05 0.45 NA 0.54
Point and name NA 0.35 NA NA 0.01 NA
6yo Delayed NA NA NA 0.62 0.56 0.70
Immediate NA NA NA 0.60 NA 0.67
Point and name NA NA NA NA 0.72 NA
7yo Delayed 0.35 0.35 0.35 0.71 0.69 0.83
Immediate 0.20 NA 0.25 0.69 NA 0.82
Point and name NA 0.65 NA NA 0.80 NA
10yo Delayed 0.30 0.50 0.60 0.78 0.66 0.85
Immediate 0.55 NA 0.65 0.72 NA 0.83
Point and name NA 0.80 NA NA 0.83 NA

Note: The immediate recall task had no delay period, and verbalization behaviors were explicitly instructed (so were not
spontaneous) during the presentation and recall periods of the point-and-name task. yo = years old; NA = not applicable.
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Table 6. Number of Participants Reporting Internal Speech
by Observed Speech Behavior and Age Group

Observed Reported

speech speech Syo 6yo 7yo 10yo
No No 39 15 6 2
No Yes 7 10 10 12
Yes No 111 88 70 21
Yes Yes 40 115 157 174

Note: Some responses were missing. yo = years old.

this shows remarkably consistent increases in memory
span with age across the participating laboratories.
Flavell et al. (1966) were interested in whether children
who were observed speaking remembered more than
children who were not. They divided children according
to the presence or absence of speech behaviors to test
whether children who spoke also recalled longer lists.
Because in their sample the youngest children so rarely

verbalized and the oldest children always provided some
evidence of verbalization, whether via overt speech
behavior or self-report, Flavell et al. had to restrict analy-
sis of verbalization behavior on memory span to only
the intermediate group of children. To run a reasonable
t test, they had to divide their 7-year-old sample in
whatever manner they could justify that resulted in the
creation of two roughly equal groups. They chose to
divide the 7-year-old children into groups according to
whether they verbalized during recall (V.= 11) or not
(N =9) and found that children who verbalized recalled
longer lists than children who did not. Note that this ad
hoc definition of verbalization as overt speech or lip
movements specifically observed during recall differed
from how they categorized speech producers elsewhere
in their original article. Verbalization during recall, as
opposed to during presentation or during the delay
period of delayed recall, also seems the least likely to
reflect use of internal verbalization to assist with mem-
ory; verbalizing only at recall could merely reflect that

Memory Span Across Age
Austria Bristol Cardiff Costa Rica Frankfurt
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4 4

2 4

1 4
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Fig. 4. Memory spans by age group and recall task per lab group. Error bars are within-participants standard errors of the mean (Morey,
2008). Children who never responded correctly were assigned a span score of 1, consistent with Flavell et al. (1966).
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children realize that speaking is a convenient way to
communicate with the researcher.

It would clearly be much better to define these groups
a priori and consistently from one analysis to the next.
Rather than replicate Flavell et al.’s (1960) ¢ tests exactly,
our preregistered analysis plan called for what we sup-
pose Flavell et al. would have done had their sample sizes
permitted. We analyzed span scores (defined as the maxi-
mum sequence length a child correctly recalled, as in
Flavell et al.) using the lenient identification of the three-
level verbalization frequency assignment from Table 2
(i.e., children falling into the sometimes or usually catego-
ries from Table 2 were speech producers, and children in
the never category were nonproducers), age group was
between-participants factors, and recall task (delayed
recall, immediate recall) was a within-participants factor.
We preregistered both classical and Bayes factor (BF)
analyses of variance (ANOVAs; Morey et al., 2018) for
this analysis because our large samples make observing
a significant effect potentially trivial in terms of effect
size. Although Flavell et al. ran their comparable analysis
only on the 7-year-old sample, we planned to run this
analysis on each age group for which we had samples
sizes of at least 20 in both the speech producer and
nonproducer categories after combining data from each
participating laboratory to ensure that there were suf-
ficiently large numbers of participants per cell for a
meaningful outcome. We observed at least 20 speakers
and nonspeakers in the 5- and 6-year-old age groups
(see Table 6; < 20 of the 7- and 10-year-olds refrained
from producing speech); therefore, we included only
5- and 6-year-olds in our analysis, which is consistent
with our preregistered plan. The average data corre-
sponding to this analysis are shown in Figure 5. Accord-
ing to the Bayesian ANOVA, the best model (BF =
2.1 x 10”) included main effects of each factor.? Includ-
ing the effect of age group was favored by a factor of
2.2x10”. Including the effect of verbalization frequency
was favored by a factor of 3.1x 10" . Including the effect
of recall task was favored by a factor of 2,668. Excluding
interaction terms was favored by at least a factor of 4.
Excluding the crucial Age Group x Verbalization Fre-
quency interaction (which would be necessary to argue
that children younger than 6 do not benefit from speech)
was favored by a factor of 8 (i.e., there was substantial
positive evidence for the null hypothesis here, which
Bayesian analyses can provide). Thus for both 5- and
6-year-olds, the qualitative increase in verbalization cor-
responded to increases in remembered items.

Consistent with their extended discussion of whether
verbalization might enhance memory (Flavell et al., 1966,
pPp- 295-296) as well as their explicit hypotheses (Flavell
et al., 1966, p. 290), Flavell et al. (1966) considered
whether performance in the point-and-name condition

might be viewed as an intervention that could boost
recall performance or increase observations of verbal-
izing during the retention interval compared with
delayed recall without explicitly instructed picture nam-
ing. Flavell et al. simply noted that participants consistently
verbalized more during retention in the point-and-name
condition without providing statistical inference. They also
noted that because it was always performed last, any
increase in point-and-name performance could be attrib-
uted to practice effects and supported this contention
by showing that order of the two experimental tasks did
influence the amount of material recalled. We did not
consistently observe this order effect: It interacted with
age. Specifically, an analysis of variance on maximum
spans including age group and experimental task order
(immediate recall first or delayed recall first) as factors
uncovered significant main effects of both factors and a
significant interaction, F(3, 1946) = 3.70, p < .05. Only
for the 10-year-old group was a numerically higher aver-
age observed for the second task (M = 4.21, SD = 0.79)
than the first task (M = 4.06, SD = 0.90); for all other
ages, we observed the reverse, which is inconsistent with
Flavell et al’s findings. The difference in our findings
could be due to the larger number of trials we collected,
which would have introduced more opportunity for
fatigue, and this might differentially affect the younger
children. One consequence of this finding is that any
boost to recall in children younger than 10 that we
observe for the point-and-name condition, which always
occurred at the end of the session, may be more confi-
dently attributed to the instructed speech intervention
rather than to practice effects.

We carried out a Bayesian ANOVA on number of
speech behaviors observed during retention with age
group as a between-participants factor and condition
(delayed recall, point and name) as a within-participants
factor. Results tended to confirm the hypothesis that
instructions to explicitly name the pictures mediated use
of verbalization during retention. The best model (BF =
1.7 x10®) included main effects of age group (inclusion
favored by a factor of 2.1x10") and task (inclusion
favored by a factor of 8.3 x 10*). Excluding their interac-
tion was favored by a factor of 99. More verbalizations
were observed during point and name (M = 2.92, §D =
2.63) than during delayed recall (M = 2.04, SD = 2.46).
In both tasks, speech instances increased with age.*

We similarly compared average maximum span in
delayed recall and point-and-name conditions. Carrying
on from the previous analysis of speech behavior, we
categorized participants as speech producers or nonpro-
ducers; a participant became a speech producer if the
participant was observed verbalizing during the delay
period of the delayed recall task at least once. By this
definition, there were more than 20 speech producers
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Memory Spans by Verbalization Frequency for Each Age Group
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Fig. 5. Memory spans by verbalization frequency and recall task at 5- and 6-years-old. Error bars are within-

participants standard errors of the mean (Morey, 2008).

and nonproducers per age group, so we could include
all age groups in the analysis. According to a Bayesian
ANOVA, the best model included effects of age group,
speech-producer classification, task, and all interaction
terms, including the three-way interaction,” BF =
7.9 x 10", Including age group was favored by a factor
of 3.4x10"; spans increased as children matured.
Including speech-producer classification was favored by
a factor of 2.1x10"; participants who were observed
verbalizing during the delay period of the delayed recall
task remembered more on average in both the delayed
recall and point-and-name tasks than participants who
were never observed verbalizing during delayed recall.
Including the effect of task was favored by a factor of
2.9 x10’. The point-and-name procedure did appear to
improve span scores. The three-way interaction (inclu-
sion favored only by a factor of 3.87 over the model
including all other terms, including each possible two-
way interaction) could reflect younger children (particu-
larly 6-year-olds) benefiting from spontaneously
verbalizing more than older children and benefiting
somewhat more from spontaneous verbalizing than
instructed verbalizing (see Fig. 6). Although inclusion of
the three-way interaction is only marginally favored over
the next most complex model, inclusion of some com-
bination of the two-way interactions is favored by a

factor of at least 4.08. This value comes from comparing
the model including each possible two-way interaction
with the best model including only one two-way interac-
tion (which was the Age Group x Task interaction). The
number of speech instances observed correlated with
span in both the delayed recall task (r = .38, BF =
6.9 x10*") and the point-and-name task (r = .34, BF =
1x10%). Altogether, it seems reasonable to conclude that
by age 10, neither the speech-producer status nor
instruction to speak during presentation is influencing
span very much, but both tendency to speak spontane-
ously and the point-and-name intervention corresponded
to larger spans in younger children.

Discussion

Recent research has cast doubt on the claim that chil-
dren younger than 7 years old do not spontaneously
verbalize when trying to remember picture stimuli. Spe-
cifically, the phonological similarity effect has histori-
cally been used to argue that only older children recode
picture stimuli into phonological labels (Hitch et al.,
1988; Hitch, Halliday, et al., 1989; Hitch, Woodin, &
Baker, 1989). However, recent work has skeptically con-
sidered whether absolute differences between age
groups in the size of these effects is strong evidence of
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Spans by Age and Verbalization Behavior per Task
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Fig. 6. Mean span in delayed recall and point and name by age and speaker classification. Error
bars are within-participants standard errors of the mean (Morey, 2008).

a developmental difference (Jarrold & Citroen, 2013;
Jarrold et al., 2015). Note that the phonological similarity
effect is an indirect measure of verbalization. Comple-
mentary evidence about children’s tendencies to verbal-
ize comes from direct observations of verbalization
behaviors during serial recall trials, such as those
observed in the seminal work of Flavell et al. (1966).
Therefore, a replication of Flavell et al.’s original study
provides timely evidence needed to assess and update
claims about recoding in children: When do they begin
verbalizing picture stimuli to be remembered, and
when does this verbalization behavior benefit recall
accuracy?

Across 17 labs and 977 child participants, this prereg-
istered replication allowed a thorough examination of
the development of children’s verbalization behaviors
and memory performance. The general pattern of devel-
opmental changes in verbalization behaviors that Flavell
et al. (1966) observed was upheld. However, it was clear
from this much larger sample of children that even the
youngest children exhibited more speech behavior than
would have been expected based on the original work.
According to the values in Figure 2, 76% of our 5-year-
old group vocalized at least sometimes, compared with
10% of Flavell et al.’s equivalent group. We cannot know
for certain the source of this difference. Possibly, our

longer sessions with standardized administration of the
same span lengths for all participants afforded more
opportunities for 5-year-olds to demonstrate verbaliza-
tion. It could also be the case that cultural expectations
around children speaking to adults unbidden differ in
our samples or that broader exposure to preschool has
increased children’s willingness to voluntarily speak up
in front of researchers. It is also plausible that the origi-
nal finding that 5-year-old children rarely spontaneously
verbalize would still be obtained with some probability
in a random sample but that it is simply a less probable
outcome. In any case, observing that spontaneous ver-
balization is not uncommon in 5-year-olds but neverthe-
less increases between 5 and 7 years of age provides a
critical link between Flavell et al.’s original finding and
Jarrold and colleagues’ (Jarrold & Citroen, 2013; Jarrold
et al., 2015) more contemporary findings that young
children display a phonological similarity effect. There-
fore, this Registered Replication Report contributes
necessary information relevant to the theoretical under-
standing of the relationship between the developmental
changes in memory performance and verbalization
behaviors.

Overall, the findings in this Registered Replication
Report tend to confirm the notion that children younger
than 7 spontaneously apply speech to remembering.
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When examining the characterizations of observed ver-
balizations in Table 2, 167 out of 220 five-year-old chil-
dren verbalized either sometimes or usually; however,
our findings supported the original finding that the
youngest children, the 5-year-olds, did verbalize signifi-
cantly less than the 7- and 10-year-old children. Although
the youngest children verbalized less than the older
children in the original Flavell et al. (1966) and in the
current meta-analysis, we did not confirm that speech
continues increasing from 7- to 10-year-olds in lab-level
analyses. Speech also did not decrease in 10-year-old
children, contrary to expectations based on Vygotsky
(1962). Although nearly half of the 7-year-olds Flavell
et al. sampled did not overtly verbalize, we observed
that most 7-year-olds, and even most 6-year-olds, verbal-
ized at least sometimes. This difference in results would
account for our lack of a clear continuous increase in
speech after age 7 because by age 7, most of our sample
was already overtly verbalizing.

Because of the larger samples in this many-labs proj-
ect, we were able to perform analyses that Flavell et al.
(1966) could not. Our preregistered analysis relating
speech behavior to memory span in the 5- and 6-year-
old children indicated that qualitative increases in ver-
balizations resulted in higher memory spans (see Fig. 5).
Follow-up exploratory analyses including all ages were
also consistent with the prediction that speech improved
memory spans (see Fig. 6). Thus, we can complement
Flavell et al.’s original article by providing clear evidence
linking verbalizations to memory performance and to
the success of the point-and-name task as an interven-
tion that served both to increase verbalizations and to
improve memory-span performance. Although it has
emerged that there is reason for skepticism about the
idea of rehearsal benefiting serial recall in adults (Souza
& Oberauer, 2018, 2020), our data suggest that increasing
verbalizations led to increased memory-span perfor-
mance in children. This is clearly an area for further
research, perhaps including an in-depth look at indi-
vidual differences in the strategies and behaviors of
older children, for whom speech may become less ben-
eficial. We focused very closely on the 5-, 6-, and 7-year-
old children to determine the onset of verbalization
behaviors and observed considerable variability.
Although we observed speech in 5-year-olds, it was less
clear that they were aware of using it for remembering
than older children were (see self-reported strategies in
Table 6), and the benefits of verbalizing were particularly
striking for 6-year-old children (see Fig. 6). By age 10,
very little benefit with overt verbal labeling was evident,
which is consistent with the idea that relationships
between overt labeling and memory performance may
diminish by adulthood. Moreover, age-related increases
in memory were observed in both verbalizers and non-
verbalizers (see Fig. 6). The sources of these age-related

improvements are unclear, but these improvements are
consistent with either an expanding focus of attention
(Cowan, 2016) or an increasing refreshing rate (Gaillard
et al., 2011), which are both thought to occur indepen-
dent of rehearsal.

The benefit to memory that accompanies children’s
rehearsal is surprising only if one assumes that children’s
rehearsal looks like adult rehearsal from its onset. This
apparent qualitative shift from the absence to the pres-
ence of rehearsal is consistent with theories that associ-
ate rehearsal with the phonological loop; according to
these theories, rehearsal emerges around 7 years of age
as the phonological loop matures (e.g., Gathercole,
1998). On the surface, the data presented here could
support the idea of a spontaneous, all-or-none emer-
gence of rehearsal—provided that the age of emergence
be allowed to vary across children. Certainly, the acquisi-
tion of language skills, more generally, may also be a
prerequisite for rehearsal beyond passive maturation of
the phonological loop. In addition to the benefits of
robust phonological representations that would be sup-
ported by the phonological loop (Baddeley et al., 1998),
robust long-term lexical networks contribute to memory-
span performance for both children and adults (Edwards
et al., 2004; MacDonald & Christiansen, 2002). Moreover,
individual differences in phonological robustness, long-
term lexical knowledge, and verbalization speed all pre-
dict unique variance in adolescents’ serial recall of
verbalizable pictures similar to those used in the current
study (AuBuchon et al., 2019).

Unfortunately, Flavell et al’s (1966) original design,
and thus the design used here, was intended only to
describe the ages at which spontaneous verbalization
is observed, not to test the mechanisms that contribute
to its emergence. However, the efficacy of the point-
and-name intervention with children 7 and younger
who did not spontaneously speak suggests that the
capability to use speech to serve memory is present
before children proactively engage it. A qualitative shift
might instead reflect this proactive tendency to antici-
pate how best to fulfill the goals of the task. With devel-
opment, children may learn to use their newly acquired
rehearsal abilities in more effective and complex ways
(Guttentag et al., 1987). Cowan et al. (1991) showed
that requiring overt naming of list items in a span task
increased 4-year-old children’s performance in the task
only when the list was presented and the naming was
to be carried out in a cumulative fashion, a means of
simulating cumulative rehearsal in children ordinarily
too young to carry it out. Although it remains possible
that a specialized rehearsal resource becomes available
with developmental maturation, the evidence favoring
this is equally compatible with the idea that with matu-
ration, children are increasingly likely to proactively use
verbalization to support memory. Future work should
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further examine these developmental transitions with
the aim of clarifying precisely why verbalization may
differentially benefit younger children.

Regional differences appeared minimal even though
the ages that children first began formal schooling varied
by location. For example, in some countries, the start of
formal schooling occurs at a standard age, with little, if
any, variability. Although this standard age varied per
country, the patterns across the labs were largely similar
(see Fig. 1), and any apparent discrepancies were not
clearly replicated within a country in which multiple
distinct groups from one country participated. It is note-
worthy that our samples were primarily from Europe
and the United States. Although we do not know whether
these findings generalize to children in all cultures, with
different languages and different schooling practices, we
did observe strong consistency in the samples we
obtained despite variability in schooling practices and
native language. Evidence suggests that there are
changes in children’s memory strategies that have a posi-
tive impact on performance despite the fact that these
strategies are often not taught explicitly by classroom
teachers (e.g., Ornstein & Coffman, 2020). There is also
evidence from comparisons of children who are chrono-
logically very close in age but differ in their grade in
school (Morrison et al., 2019), which further suggests
that there are benefits to formal schooling that go above
and beyond maturation. One may therefore speculate
that the general finding of increased participation of
younger children in formal schooling across the regions
could have influenced the increased usage of overt ver-
balization behaviors in younger children.

Although we tried to remain as true as possible to the
Flavell et al. (1966) study, we found that the pacing in
the point-and-name task (at the rate of 2 s per item) was
difficult for many of the youngest children to follow. It
is possible that because the original study was run with-
out computer-regulated stimulus presentation, the exper-
imenters slowed their pace when working with younger
children. However, the extent of any pacing differences
in the original study cannot be known. Therefore, the
full effect of the point-and-name task may have been
underestimated in the current research because many of
the youngest children had difficulty naming stimuli at
the appointed pace. Future research could be conducted
using a manipulation like the point-and-name procedure
with an adaptive pacing that would be individually
adjusted for each child. However, despite this limitation,
we were able to confirm Flavell et al.’s hunch that ver-
balization benefited recall, especially for the younger
children we sampled.

In summary, the current multilab study replicated the
spirit of Flavell et al.’s (1966) original findings: The num-
ber of children spontaneously verbalizing increased from

our youngest to our older age groups. This finding veri-
fies a premise underlying the past five decades of devel-
opmental research that children come to increasingly
rely on self-directed speech to regulate behavior and
cognition. However, with our larger sample sizes,
increased number of trials, and inclusion of 6-year-olds,
we were able to make observations unavailable to the
original authors. First, very young children were found
to verbalize in greater numbers than originally reported,
which indicates that the age of emergence of verbaliza-
tion in service of memory varies individually more than
previously concluded. Second, if there is an inflection
point in the rate of verbalization development, it appears
to occur before 7 years of age. Finally, we were able to
verify Flavell et al.’s exploratory analysis and show that
verbalizing is related to improvements in memory span.
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Notes

1. Description of how strategy responses were coded (and calcu-
lation of their interrater reliability) was added at Stage 2.

2. Note that these means reflect proportions of trials on which
speech was observed, whereas the values in Table 5 reflect
the proportions of participants who produced speech in each

period.

3. A classical ANOVA with identical structure returned significant
effects and absences of significant interactions corresponding to
the best fitting model in the Bayesian ANOVA.

4. A classical ANOVA with identical structure also returned sig-
nificant main effects and a nonsignificant interaction term.

5. A classical ANOVA with identical structure returned a corre-
sponding outcome.
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