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ABSTRACT
Though verbal rehearsal is a frequently endorsed strategy for remem-
bering short lists among adults, there is ambiguity around when 
children deploy it, and what circumstantial factors encourage them 
to rehearse. We recoded data from a recent multilab replication of 
a serial picture memory task in which children were observed for 
evidence of task-related speech or lip movements to extract finer- 
grained detail about how children spoke during the task. With these 
data, we aimed to better understand the manner in which children 
rehearse and the task scenarios which elicit overt rehearsal. Children in 
several countries from 5 to 10 years old were tasked with remember-
ing 2–5 nameable pictures in serial order across a 15-second delay. 
Coders categorized children’s speech or lip movements as reflecting 
fixed rehearsal of the last-presented item only, cumulative rehearsal of 
all the items presented so far, or some attempt at cumulative rehearsal. 
We found that most children, regardless of age, did not overtly 
rehearse at all during presentation of the objects or during the delay 
period. However, children who sometimes overtly rehearsed recalled 
longer lists of items than children who did not. Though rare, cumula-
tive rehearsal was most frequently observed for list lengths close to 
the participant’s demonstrated maximum recall length. Critically, on 
the trials where overt rehearsal was observed, recall improved. This 
evidence supports previous suggestions that rehearsal strategy, and 
possibly also its effectiveness, changes with task difficulty, and raises 
further questions about how verbal rehearsal affects serial recall.

Ask someone how they remember a short list of words and they will likely tell you that they 
say it to themselves, inside their head, perhaps repeatedly (Dunlosky & Kane, 2007). The 
vividness of this experience of verbal rehearsal makes it natural for theorists of short-term 
or “working” memory to give repetitive verbal rehearsal a prominent role in explanations of 
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remembering. How does rehearsal feature in theories of working memory? Depending on 
who you ask, rehearsal may serve as a key bulwark against decay: without rehearsal or some 
other strategic intervention, information is believed to eventually decay beyond recall 
(Barrouillet & Camos, 2012), or to be displaced by more recently encountered information 
(Baddeley et al., 1984). The gradual improvement of memory across childhood has been 
explained by the onset of a capability to verbally rehearse (Gathercole, 1998): after this 
rehearsal function switches on, we presumably rehearse by default. However, although 
adults endorse the strategy, it becomes increasingly difficult with age to observe clear 
evidence that rehearsal directly improves serial recall (Lewandowsky & Oberauer, 2015; 
Oberauer, 2019). Our experience of engaging something like rehearsal to aid memory could 
be epiphenomenal: perhaps we use it to describe a feeling of greater engagement or effort, 
but articulation itself (whether overt or internalized) may not cause any observed benefit. If 
so, then it is reasonable to question how consistently rehearsal is applied. Once we acquire 
the ability to verbally rehearse, does it become ubiquitous as some theories infer or is it 
occurring at key moments when extra insurance against forgetting may be needed?

Accumulated research and observation suggest that children are increasingly likely to 
rehearse as they get older (e.g., Elliott et al., 2021; Flavell et al., 1966; Lehmann & 
Hasselhorn, 2012). Flavell et al. (1966) observed children while they attempted a serial 
picture memory task, and recorded whether they spoke or mouthed words that might reflect 
conversion of the pictures to speech. The rough trajectory emerging from Flavell et al.’s 
work suggested rehearsal emerged around age 7 and by age 10 it was visible in nearly all 
children. If we furthermore make the reasonable assumption that rehearsal may also occur 
covertly, and that use of inner speech also increases with age (Vygotsky, 1962), then we may 
suppose that by adolescence, rehearsal occurs regularly. Experimental work with children 
may support this view, in that benchmark working memory effects of phonological coding, 
phonological similarity and word length, seem to affect recall in children under 7 years old 
less than children over 7 (Halliday et al., 1990; Henry et al., 2012; Hitch et al., 1989; Palmer,  
2000), which would be consistent with the presumption that covert speech occurred less 
frequently in children under 7 (although this inference has been convincingly challenged; 
Jarrold & Hall, 2013).

One important factor to note is that Flavell et al.’s (1966) procedure focused primarily on 
discovering which children used speech during a memory task, not necessarily how 
frequently or under which circumstances they used it. Multiple influential models of 
working memory rely on the assumption that verbal information that is not rehearsed in 
time to prevent its decay will be forever lost. Baddeley (2012) suggests that information in 
the phonological loop must be repeated to prevent it being overwritten by incoming 
information or to prevent its eventual decay. The TBRS model (Barrouillet & Camos,  
2012) likewise supposes that information decays if some maintenance process, either 
rehearsal or refreshing, is not marshaled to intervene. In either formulation, we might 
conclude that neglecting to rehearse could lead to rapid forgetting. If children are develop-
ing the ability to rehearse around age 7, then lapses in application as they hone their ability 
could lead to erratic memory performance. While we know that children under 7 who 
sometimes overtly rehearse recall more on average than children who never rehearse (Elliott 
et al., 2021; Flavell et al., 1966), we do not know whether the advantage of rehearsing can be 
localized to the particular trials on which rehearsal happened, or alternatively whether 
children seen to rehearse sometimes differ from non-rehearsers in some other way. 
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However, rehearsal does seem to be a strategy that can be chosen if circumstances suggest it 
(Henry et al., 2000; Keeney et al., 1967). Keeney et al. (1967) observed a sample of 6- and 
7-year-olds to determine, prior to any intervention, which of them spontaneously rehearsed 
during a serial picture memory task. After a two-trial intervention in which participants 
were instructed to name each picture repetitively aloud, children who initially did not 
rehearse spontaneously rehearsed consistently and their recall improved (see also Miller 
et al., 2015). However, when allowed by the researcher to choose whether they rehearsed or 
not, the children who needed the intervention typically ceased rehearsing and lost the boost 
rehearsal brought them. By showing that children under 7 who do not spontaneously 
rehearse actually can rehearse with prompting, these findings cast doubt on the hypothesis 
that rehearsal depends on the maturation of a specialized phonological working memory 
component, thought to occur around age 7 (Gathercole, 1998). Even children who have 
practiced rehearsal and benefited from it do not always choose to deploy it. This sets 
rehearsal up as an optional tactic, rather than as memory theorists often see it (Watkins 
& Peynircioĝlu, 1982): a process constantly running in the background of our minds.

Rehearsal is the presumed process most frequently deployed to aid retention of verbal 
lists because it is believed to require little effort once it is initiated. Naveh-Benjamin and 
Jonides (1984) proposed that rehearsal occurs in two stages: effort is required to initiate the 
rehearsal process, but once rehearsal is underway, it proceeds automatically. If this were 
true then one might surmise that it is generally worthwhile to rehearse, and thus reasonable 
for theories to assume that rehearsal takes place whenever possible. However, recent 
evidence showing that rehearsal incurs a concurrent processing cost as much as 10 seconds 
after initiation suggests that rehearsal does require sustained effort. If more rehearsal is 
required before the effort of rehearsing decreases, then the notion that we generally do it 
regardless of whether it is essential for remembering becomes more difficult to support.

Once we accept that rehearsal entails a larger start-up cost than previously assumed, 
more nuanced predictions for its use emerge. Maybe rehearsal occurs less frequently than 
supposed, and if so, maybe it is deployed under predictable circumstances. One possibility is 
that rehearsal only benefits recall when the amount of information to be rehearsed is within 
the capacity of the individual to perform (Jarrold & Hall, 2013). If this is correct, partici-
pants might rehearse at these crucial moments. It may not be worth engaging rehearsal for 
lists that are impossibly long. Likewise, if starting rehearsal is cognitively costly, why bother 
with the effort of rehearsing for lists that are trivially easy? Assuming variability within 
individuals in how they apply rehearsal and what form of rehearsal they apply (Poloczek 
et al., 2019) fits well with the view that change in approaches to memory tasks occurs 
gradually as children accumulate more strategies in their repertoire (Siegler, 2016), as 
opposed to the view that once a superior method emerges, it dominates. While this nuanced 
view of rehearsal sounds plausible, it poses problems for models of working memory that 
propose that applying rehearsal is essential for preserving information from decay.

To further address this, we need to know more about how children rehearse, including at 
which moments in a task they deploy overt rehearsal. Poloczek et al. (2019) showed that 
children between 6 and 10 were more likely to cumulatively rehearse lists of nameable 
pictures that were a little longer than they could easily recall; for less challenging lengths, 
participants preferred simply labeling each item (Jarrold & Poloczek, 2024). Poloczek et al. 
measured rehearsal strategy using per-trial self-reports. The Elliott et al. (2021) multilab 
replication project we recently completed affords the possibility to verify Poloczek et al.’s 
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conclusions with a different measure, namely whether overt speech observed during 
a picture memory task seems to reflect adoption of verbal rehearsal. Elliott et al.’s project 
aimed to replicate the classic study of Flavell et al. (1966), in which children were shown 
a series of nameable pictures and an observer recorded whether they spoke during pre-
sentation, retention, or recall of the items. Participants were never asked to speak, even for 
the purpose of recalling, so use of speech was taken as an indicator that children verbally 
recoded the pictures, and possibly rehearsed them. However, replicating Flavell et al. only 
required recording whether and when any overt speech occurred. Raters did not attempt to 
assess whether the speech observed constituted cumulative rehearsal or something else, only 
whether the speech was likely to be relevant to the task. While the coding performed for the 
Flavell et al. replication cannot directly be used to diagnose rehearsal strategies, many of the 
sessions from this project were video-recorded, and these recordings afford the opportunity 
to apply a fresh coding scheme addressing rehearsal strategy more specifically. Also, the 
replication analyses focused on whether individuals were observed speaking at all, not 
whether instances of speech behavior impacted trial-level performance.

Advancing beyond the replication described by Elliott et al. (2021), here we describe 
the frequency of overt rehearsal in our sample, considering at which list lengths and 
during which parts of the task rehearsal was deployed. We then successively consider 
person-level effects of overt rehearsal on memory performance. For instance, do chil-
dren sometimes observed rehearsing recall more than children never observed rehear-
sing? As observed in the more lenient coding of Elliott et al. (2021), we found that 
children who sometimes overtly rehearsed reached higher maximum recall lengths than 
children never observed rehearsing. With this stricter coding of what constitutes 
rehearsal, we were able to identify sufficient numbers of rehearsers and non-rehearsers 
at all age groups to show that overt rehearsers achieved better recall across each age 
group in our sample. But when did these children deploy rehearsal, and did it specifi-
cally boost performance for the trials when they did it? If rehearsal is a selectively 
deployed strategy that children apply, then the specific trials on which overt rehearsal 
occurred should show selective improvement.

Method

Ten research groups from Elliott et al. (2021) “s replication of the Flavell et al. (1966) study 
video-recorded a substantial subset of their sessions and agreed to contribute further 
observational coding to this project. We will summarize the key details of the original 
data collection for readers’ convenience before describing the novel coding procedure we 
applied.

Participants

Data from 522 children included in the Elliott et al. (2021) replication analyses between 5- 
and 10-years old with complete video records of their session and whose guardians con-
sented to recording were included in this project. Ethical permissions for collecting and 
preserving the data for long enough to carry out this coding were obtained at each local 
laboratory. Sample sizes per laboratory and age group are given in Table 1.
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Stimuli and materials

Participants were given nameable pictures to remember in order. A set of seven pictures of 
common objects (apple, comb, flag, flower, moon, owl, and pencil) was chosen from the 
Bank of Standardized Stimuli (BOSS; Brodeur et al., 2010). Presentation of the stimuli and 
response collection were controlled with custom software written in lab.js (Henninger et al.,  
2021) using personal computers. The lab.js software made use of standard web browsers to 
ensure stimulus presentation was identical at each lab site regardless of local apparatus, but 
data collection was always local (as opposed to online).

Participants took part in both immediate and delayed recall tasks, with task order 
counterbalanced. Within both tasks, 2 trials each at span lengths 2, 3, 4, and 5 were 
administered to all participants, regardless of whether recall of shorter lists was accurate. 

Table 1. Participant demographics by lab.
Age in Months

University Group N % male Mean Age SD (Age)

Boys Town National Research Hospital 5yo 15 47 65 3.96
6yo 13 54 78 3.49
7yo 15 60 91 3.66

10yo 16 50 125 3.48
Cardiff University 5yo 13 46 66 2.06

6yo 11 45 79 3.27
7yo 15 47 88 2.89

10yo 18 56 124 3.52
George Fox University 5yo 6 67 69 1.93

6yo 6 33 78 2.99
7yo 3 0 89 1.41

10yo 6 67 126 3.93
Louisiana State University 5yo 7 43 65 2.86

6yo 3 67 78 4.50
10yo 3 0 126 2.07

Scuola Internazionale Superiore di Studi Avanzati (SISSA) 5yo 8 50 66 3.80
6yo 13 54 79 3.33
7yo 22 41 89 3.72

10yo 12 50 125 2.88
University of Auckland 5yo 18 56 64 3.31

6yo 18 56 78 2.76
7yo 20 50 91 2.41

10yo 20 50 127 3.87
University of Costa Rica 5yo 14 43 65 3.42

6yo 17 47 77 3.60
7yo 18 50 89 3.26

10yo 15 40 127 2.24
University of Missouri 5yo 17 53 65 3.36

6yo 23 35 78 3.69
7yo 17 41 88 3.27

10yo 19 53 125 3.88
University of Oslo 5yo 14 50 64 3.52

6yo 10 60 76 3.74
7yo 15 47 90 3.64

10yo 12 58 123 2.69
University of Wisconsin 5yo 7 71 65 2.97

6yo 12 25 76 3.87
7yo 19 58 89 3.43

10yo 12 50 123 4.30

Note. All included participants met the inclusion criteria for the Elliott et al. replication project. In addition, their sessions were 
video-recorded with guardians’ permission.
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During the 15-second retention interval of the delayed recall task, participants were 
instructed to cover their eyes with a fun prop so that a researcher could observe and record 
their speech behavior without awkwardness. In the original Flavell et al. (1966) study, the 
prop was a “space helmet” with an obstructed visor that could be lowered or lifted. In our 
replication, labs variably used helmets with adjustable visors, sunglasses, safety goggles, or 
masks, each with the visor or lenses obstructed using tape or paper. Because the 15-second 
retention interval affords a long opportunity for overt rehearsal, we focus our analyses only 
on data from the delayed recall task. Observations of rehearsal during the presentation 
period of the immediate recall task were comparable to those presented in our analysis of 
the delayed recall task below.

Experimental procedure

After consent from the guardian and assent from the child were obtained, participants 
began by completing two practice trials without a 15-second delay. Participants were then 
introduced to the prop they were to use to obscure their eyes during the delay periods. 
Participants practiced this for periods of 5, 10, and then 15 seconds so that they would get 
used to wearing the prop for the full length of the delay period in the delayed recall trials.

In each experimental trial, the set of pictures was displayed onscreen in a central, 
horizontal row, with order varying randomly per trial and run. The first to-be- 
remembered picture was highlighted in a red frame for 2 seconds, after which the frame 
disappeared and the second to-be-remembered picture was highlighted for 2 seconds, and 
so on for longer lists. In the delayed recall procedure, a 15-second delay was imposed 
between offset of the last to-be-remembered picture and the appearance of the response 
screen. At the start of the delay, participants were instructed to cover their eyes with their 
prop. At the end of the 15-second period, participants were instructed to remove the prop. 
Instructions appeared onscreen and the experimenter read them aloud. On the recall screen, 
the seven pictures were arranged in a randomly ordered horizontal row. Participants were 
instructed to indicate the pictures they saw in order. The experimenter operated the mouse 
for the participant, moving it to the picture indicated with the child’s response. Participants 
could recall by pointing or by speaking the names of the pictures, but they were not 
explicitly told to speak.

Behavioral coding procedures

We developed a coding protocol for categorizing what kind of rehearsal (if any) the child’s 
speech or lip movements represented during the presentation period and delay periods of 
the memory task. Coders were instructed to note the words spoken by the child by typing 
them in order in the specified cell of the coding template, separated by commas. Coders also 
made a judgment about whether the speech reflected fixed rehearsal (labeling each picture 
as it was presented without any repetitions), cumulative rehearsal (reiterating earlier list 
items as each new item was presented, appending the latest item to the end of the 
accumulating list), or partial cumulative rehearsal (more speech than fixed rehearsal, but 
short of the complete cumulative pattern). When no speech or discernible lip movements 
were detected, coders indicated that no overt rehearsal was detected. Coded data are 
available at https://osf.io/m8ks4/. Coders all had access to lip-reading training developed 
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specifically for these picture stimuli by colleagues at the Boys Town National Research 
Hospital (https://osf.io/36ayh/).

We also considered participants’ non-speech behaviors, particularly behaviors that may 
indicate distraction. We adapted five descriptors from the Restricted Academic Situations 
Task (RAST) (Milich et al., 1982) to refer more specifically to this task setting. For each of 
five descriptions (off-task behavior, fidgeting, vocalizing, getting up from their seat, playing 
with objects), coders entered 1 if the behavior was observed during the coded period and 0 
otherwise. For both the rehearsal category and the RAST variables, coders entered a value 
for each presentation and delay trial period.

At least two coders worked with videos from each lab group. Procedures for dual-coding 
differed per lab group depending on availability of suitable personnel and whether sharing 
video materials externally was permitted. For some groups, dual coding was undertaken for 
only a small subset of the sample, and if inter-rater agreement was acceptable, the initial 
coder’s ratings were accepted. For other groups, complete dual-coding was undertaken with 
a third rater introduced to assess disagreements. For rehearsal category, agreement ranged 
from 83.6% to 100% (M = 93.86%, SD = 6.37). For the RAST variables, agreement was quite 
variable and sometimes poor (8.2–100%; M = 77.51%, SD = 21.51). Where agreement was 
low, we approached this by outputting two versions of the coding. In the “strict” version, 
occurrence of a behavior was only assumed when two raters both observed it. In the 
“lenient” version, occurrence was assumed if either rater reported it. Any analyses reported 
involving the RAST variables were performed on both versions of the coding to check for 
robustness. We decided to omit analyses of the RAST variables from this report because 
interpretation given the agreement levels would be problematic, but these exploratory 
analyses are available at our OSF page, https://osf.io/m8ks4/. Generally, we did not observe 
many distracted behaviors from participants on average, and incidences of distraction 
decreased with age.

Results

Our inferential analyses are carried out using Bayesian methods, using the BayesFactor 
R package (Morey et al., 2018; Rouder et al., 2012). Bayesian methods afford several crucial 
advantages. First, in a data set this large, significant results are likely in a classical test simply 
because the amount of data affords the detection of tiny effects. The Bayes factor statistics 
accompanying our analyses tell us not if a pattern was discernible, but how strongly that 
pattern is discernible. In other words, whereas a p-value must be interpreted as reflecting 
presence of an effect or uncertainty, the Bayes factor tells us about the degree of certainty we 
might express in favor of a finding, which is a great advantage, especially when working with 
a large data set. Second, Bayes factors may be calculated in favor of null as well as alternative 
hypotheses, so the advantage of expressing degree of certainty in an outcome holds 
regardless of whether the data suggest there is or is not an effect. Bayesian ANOVA (the 
basis of most of our reported analyses) can be considered comparable to model selection 
techniques. In performing Bayesian ANOVAs, we look at each possible combination of 
main effects and interactions and select the combination that yields the highest Bayes factor 
(or the strongest evidence) as a baseline. We then consider the strength of evidence for 
including each factor in that model by comparing the best model with the combination that 
excludes the factor under consideration. Likewise, we can assess the strength of evidence for 
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excluding a factor by comparing the best model with the version that includes the factor 
missing from the best model.

Who overtly rehearsed, and did it help?

We limited analyses of rehearsal style to the delayed recall task, where we could consider 
rehearsal during both presentation of the stimuli and during the 15-second delay period. 
Unlike in the Flavell et al. (1966) replication (Elliott et al., 2021), we did not consider spoken 
recall alone to count as evidence for rehearsal. While naming the items at recall indicates 
that participants have converted the presented images to speech at some point, we cannot 
tell from speech at recall alone when during the trial this conversion took place, nor could 
we classify a recalled response as reflecting a particular type of rehearsal.

Raters in this study, who were tasked with judging whether any observed speech 
corresponded to a type of rehearsal, were much less liberal in endorsing that rehearsal 
took place than the coders in the replication study were in endorsing that speech was 
observed. With the more detailed definitions of what counts as rehearsal, we saw many 
more instances of children in all age groups qualifying as “never” rehearsing. There are a few 
other factors that may have contributed to the lower rates of rehearsers we observed here 
than in the Elliott et al. replication analyses. Speech during the recall period counted in the 
Flavell et al. protocol and in the Elliott et al. replication for assigning children as speakers; 
here we have excluded the recall period completely. Also, even weak evidence of speech 
(e.g., indecipherable mumbling or unclear but repetitive lip movements that replication 
coders rated “2,” which essentially meant “maybe”) counted fully as incidences of speech, 
whereas in this analysis, coders would have required more certainty to assign incidences of 
speech to a particular rehearsal category. With these stricter definitions of what kind of 
speech constitutes rehearsal, we observed much less rehearsal than speech. Figure 1 shows 
the proportion of participants per age group who were ever observed rehearsing during the 
presentation and delay periods. The upper panels show proportions scored with the lenient 
scoring of Elliott et al. as applied during the presentation and delay periods, and the lower 
panels show the stricter coding implemented in this project. With the stricter scoring, the 
majority of participants at all age groups did not rehearse aloud. We will describe the 
rehearsal we observed using these stricter criteria further, but readers should keep in mind 
that overt behaviors that could be classified as reflecting a particular sort of rehearsal were 
far from ubiquitous.

Figure 2 shows the average maximum span length in which all items were recalled 
correctly in order achieved per age group for children who sometimes versus never 
rehearsed. Accuracy was scored strictly with respect to serial order: an item only 
counted as correct if it was recalled in the exact serial position in which it was 
presented. Table 2 reports the average number of items participants correctly recalled 
in order, per list length, to provide a more detailed account of overall performance. We 
analyzed maximum achieved recall with age group and rehearser status as possible 
factors. Models including all possible combinations of factors and interactions were 
compared, and the factors present in the option with the most support are considered as 
significantly influencing maximum number of items recalled. The best model included 
main effects of age group and rehearser status, BF = 7:6 � 1055. Excluding the interaction 
between the two factors was favored by BF01 = 36.18. Including both main effects was 
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decisively favored, with BF10 of at least 105,000. Rehearsers’ performance was better on 
average than non-rehearsers, for all age groups.

Even though our observational indicator of whether rehearsal took place is limited – of course 
participants may have fully internalized rehearsal, which our coding would not have detected – 
observed overt rehearsal seemed to pick up some signal that predicted how well children 
remember. At all ages, children seen to rehearse at least once achieved higher maximum span 
scores on average than children who were never observed rehearsing. Going further, an addi-
tional question we might ask is whether this overt behavior specifically affected performance on 
the trial in which it was observed, or whether it indicates a more general trait of the participant. 
Might the overt rehearsal we observe reflect processes also going on covertly, or did these 
instances of overt rehearsal reflect extra effort that paid off? Alternatively, some unmeasured 
trait (e.g., intelligence) may influence both engagement with rehearsal strategy and memory 
recall, rather than rehearsal directly impacting recall. If rehearsal is boosting recall, we should 
observe this advantage on trials where rehearsal is observed, and not necessarily more broadly.

When and how did children rehearse?

We carried out further analyses using the participants who sometimes rehearsed 
(N = 249), aimed at learning more about what exactly they did. Figure 3 shows 

Figure 1. Proportions of children per age group who sometimes rehearsed. Upper panels use lenient 
scoring from Elliott et al. (2021), except that speech during the recall period was not considered to be 
rehearsal. Lower panels use the novel coding reported here, in which we strived to discern what sort of 
rehearsal children applied. Sample includes 119 5-year-olds, 126 6-year-olds, 144 7-year-olds, and 133 10- 
year-olds.
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proportions of incidences of each type of rehearsal we coded for the participants 
who sometimes rehearsed, plotted per list length relative to the list length of their 
maximum recall. Zero in this plot is, per participant, the list length corresponding to 
their maximum span. Negative values are list lengths less than the individual’s 
maximum recall, and positive values more than their maximum. This plot shows 
that even among children who sometimes rehearsed, there were many instances of 
trials with no overt sign of rehearsal. During presentation, there was no evidence of 
rehearsal on 50–60% of trials. During the 15-second delay, there was even less 

Figure 2. Average maximum span length with all items recalled correctly in order per age group, with 
standard errors of the mean.

Table 2. Average number reported correctly in order by rehearser status, age group, and list 
length.

Never Rehearsed Sometimes Rehearsed

Group Length Mean SD Mean SD

5yo 2 0.62 0.58 0.93 0.72
3 0.83 0.79 1.14 0.90
4 0.62 0.57 0.91 0.80
5 0.58 0.59 0.80 0.73

6yo 2 0.96 0.73 1.33 0.67
3 1.24 1.06 1.81 1.01
4 1.31 0.98 1.64 1.00
5 1.02 0.91 1.28 0.92

7yo 2 1.09 0.71 1.40 0.66
3 1.70 1.03 2.11 0.98
4 1.78 1.12 2.18 1.10
5 1.46 1.15 1.35 1.04

10yo 2 1.55 0.57 1.75 0.38
3 2.49 0.74 2.71 0.55
4 2.97 1.00 3.01 0.95
5 2.32 1.34 2.92 1.37

Note. In the Group column, ‘yo’ stands for ‘years old’.
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evidence of rehearsal, but it shifted from the mostly fixed rehearsal observed during 
presentation to some attempt at cumulative rehearsal. However, instances of rehear-
sal during the delay period do not appear to be distributed equally. We computed 
Bayes Factors on 2-way contingency tables categorizing relative span length and 
incidences of any versus no rehearsal separately for presentation and delay periods. 
Each individual trial counted as an independent observation. The underlying null 
assumption would be that observations of rehearsal would be independent, and so 
proportionally comparable, regardless of relative span length. Evidence favored the 
null assumption of independence during presentation (BF01 for the null > 27), con-
sistent with the idea that rehearsal during presentation was equally likely regardless 
of list length. In contrast, during delay, evidence favored non-independence, BF10  
>25 million. Rehearsal observations increased during the delay for list lengths 
approaching participants’ achieved maximum span. This is consistent with the 
suggestion that overt rehearsal, particularly attempts at cumulative rehearsal which 
were more likely during the 15-second retention period, were more likely when 
participants had capacity for it, right at their limit. Rehearsal during the retention 
period was less likely to occur when the task was too easy or difficult.

Figure 3. Proportions of rehearsal type observed per trial period, among children who sometimes 
rehearsed.
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Did overt rehearsal boost performance on individual trials, as well as maximums 
achieved?

Children observed overtly rehearsing on some trials may also have been covertly rehearsing 
on others. Perhaps they were usually rehearsing, but only on some trials were observed to be 
rehearsing overtly. If so, then their performance on the trials where we observed their 
rehearsal may not differ much from trials on which we did not observe rehearsal. However, 
if their overt rehearsal reflected an unusual effort, performance should have benefited from 
that exertion specifically on these trials. To learn whether overt rehearsal specifically 
assisted the trials on which children were observed rehearsing, we carried out a Bayesian 
ANOVA on mean number correct per trial for span levels (either at, sub, or supra their 
individual span) and age group, contrasted by whether overt rehearsal was observed. 
Because the number of sub- and supra-span levels with representative amounts of data 
differed per age age group (i.e., 5-year-olds’ typical maximum span was much lower than 
10-year-olds,’ so they would have few observations sub-span, but many observations supra- 
span, and vice versa), we averaged all span lengths beneath and above each individual’s span 
into single values. Only participants who were observed rehearsing at least sometimes were 

included. Figure 4 depicts these values, with age groups presented in separate panels. The 
ANOVA confirmed that individual participants recalled more during the trials when they 
rehearsed overtly, and this interacted with span length relative to maximum span. The best 

Figure 4. Average number correct per trial, in order, per span level and age group for children who 
overtly rehearsed, with within-participant standard errors of the mean (Morey, 2008).
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model included main effects of age group, relative span length, and whether the participant 
was observed rehearsing on the trial, plus interactions between relative span length and 
observed rehearsal and relative span level and age group, BF = 2:1 � 1083. Including the 
interactions was favored by a factor of only BF10 = 4.49, and the next-best models were 
identical to the favored model except that they left out one interaction.1 This suggests 
modest evidence that something about the relationships between observed rehearsal, span 
length, and age is fluctuating, but even with this much data it is difficult to pinpoint 
precisely what. However, evidence that overt rehearsal impacts the amount remembered 
on a trial-by-trial basis is decisively favored; inclusion of this factor was preferred BF10 >  
11 million. Inclusion of age group and span level were favored by even larger margins. 
Excluding an interaction between age group and observed rehearsal (which might mean 
that rehearsal only matters at some ages, or differentially matters per age group) was favored 
by a factor of BF01 = 29.79. We would advise some caution interpreting the absence of this 
interaction however, given that there are only two trials per participant and span length to 
work with.

Finally, we also considered how overt rehearsal might impact recall of items, regardless of 
whether they were given in the original correct order. We carried out the same Bayesian 
ANOVA described above, except with mean number of correct items reported regardless of 
order. Figure 5 depicts these values. The ANOVA confirmed that individual participants 
recalled more during the trials when they rehearsed overtly but unlike with ordered scoring, 
we no longer see evidence that rehearsal benefits performance most “at-span.” The best 
model included main effects of age group, relative span length, and whether the participant 
was observed rehearsing on the trial, plus an interaction between relative span length and 
age group, BF = 5:9 � 10115. Including the interaction was barely favored, BF10 = 2.95. 
Excluding the interaction between relative span and observed rehearsal was likewise only 
slightly favored, BF01 = 0.87, but note from examination of Figure 5 that interpretation of 
this interaction would necessarily differ between this analysis and that of order-based 
scores: there is not a numerically greater boost for scores at-span here compared to scores 
below span. Inclusion of the main effects were all favored overwhelmingly, BF10 ≥5 million. 
These patterns suggest that overt rehearsal consistently improved recall of items (when 
scored without regard to order), regardless of relative span length.

Because rehearsal was not observed most of the time, and because when it was, partici-
pants typically engaged in fixed rehearsal during stimulus presentation and some attempt at 
cumulative rehearsal during the delay period, we did not consider that there were sufficient 
trials uniquely representing each rehearsal type to test whether rehearsal types impacted 
recall differently.

Discussion

Our coding of video-recorded sessions from Elliott et al. (2021)’s many-labs replication of 
Flavell et al. (1966) yielded new observations that reinforce existing evidence and intuitions 
about the potential benefits of rehearsal for recall. During a delayed recall task, most 

1When rehearsal is leniently considered using the scoring from Elliott et al., including an interaction between relative span 
and rehearsal per trial is favored BF10 > 690. It is still best to consider this effect as consistent across age groups, BF01 for 
excluding the relevant interaction with age group = 21.89.
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children 5–10 years old did not overtly rehearse in any observable way. However, the 
children observed rehearsing achieved higher maximum spans than the children who 
never overtly rehearsed. When they rehearsed, children usually adopted a fixed pattern 
during presentation of the memory items in which they labeled the items as they were 
presented, whereas during the 15-second delay period attempts at cumulative rehearsal 
increased. However, even children who rehearsed did not overtly rehearse most of the time. 
Cumulative rehearsal attempts were most likely on lists within one item of the child’s 
demonstrated maximum recall length. Overt rehearsal also did not seem to be merely an 
indicator that the child usually covertly rehearsed, because performance was better on trials 
where overt rehearsal was observed. These observations are consistent with self-reported 
strategies described by Poloczek et al. (2019). Children in their sample usually reported 
deploying a variety of strategies, but cumulative rehearsal was most likely for challenging list 
lengths. Altogether, this evidence is consistent with the idea that rehearsal is applied 
selectively and strategically, perhaps when it is most likely to make an impact. 
Researchers aiming to investigate rehearsal should take note of this finding and ensure 
that they have designed stimuli likely to induce participants to adopt rehearsal in scenarios 
where it might have impact, such as titrating span lengths based on demonstrated ability 
(Doherty et al., 2019; Rhodes et al., 2019).

These analyses further bolster the view expressed by Jarrold and Hall (2013) that the 
success of rehearsal depends on whether the amount of to-be-remembered information is 
within the bounds of what the individual is capable of achieving. Jarrold and Hall 

Figure 5. Average number correct per trial regardless of order per span level and age group for children 
who overtly rehearsed, with within-participant standard errors of the mean (Morey, 2008).
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emphasized the challenging end of this continuum; we would add that cumulative rehearsal 
may also be neglected when the amount to remember seems trivial, possibly because they 
prefer not to expend the additional effort that rehearsal entails (Thalmann et al., 2019). 
Application of overt rehearsal under each of these scenarios is described in Figure 6. The 
possibility that rehearsal is neglected when the task seems easy challenges theories of 
working memory that posit that rehearsal (or something comparable) must be performed 
to prevent memory loss. One caveat is that we cannot be certain that children did not 
rehearse simply because they did not rehearse aloud. Our observational method cannot 
access covert rehearsal attempts. However, the apparent decline in attempts at overt 
cumulative rehearsal for lists below span suggest the possibility that children are not 
expending as much effort to remember at list lengths they do not perceive as challenging. 
Furthermore, the improved performance on trials where overt rehearsal was observed 
suggests that rehearsing aloud indeed reflects some extra exertion. Whether that exertion 
is “extra” compared with doing nothing or compared to covert rehearsal, or whether it 
might signal the addition of another system to the memorization process (Barrouillet et al.,  
2021) we cannot be sure.

One piece of evidence that strongly suggests that we are usually comparing overt rehearsal to 
doing nothing rather than to internalized rehearsal is that the advantage of overt rehearsal was 
statistically similar across age groups: this would be unexpected under the assumption that 
5-year-olds generally do not covertly rehearse whereas 10 year-olds generally do, but our analyses 
were inconsistent with the contention that 10 year-olds benefited less from overt rehearsal than 
other age groups. Moreover, there is good prior reason to believe that neither overt nor covert 
rehearsal, at least as typically modeled, can explain serial recall patterns alone (Lewandowsky & 
Oberauer, 2015). We therefore already need another means of explaining how lists are retained, 
and we already know that rehearsal as a counteraction of decay cannot universally work as 

Figure 6. Flow chart describing circumstances under which children are likely to engage overt rehearsal, 
with easy and very difficult lists failing to elicit effort needed for overt rehearsal. Note that this process is 
description only. Further research and modelling could better flesh out why overt rehearsal is attempted 
at particular levels of difficulty, as well as what other factors affect adoption of rehearsal and how 
rehearsal affects mnemonic representations.
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a general explanation for remembering. Possibly, rehearsal only needs to be invoked in much 
more limited circumstances; for short lists, perhaps primary memory is sufficient for successful 
maintenance as long as interference is minimal (Jarrold et al., 2010). Alternatively, overt rehearsal 
may provide additional benefits above and beyond covert rehearsal (e.g., re-perceiving the 
items), or may signal the application of some co-occurring process (e.g., increased task focus) 
that instead accounts for the trial-level improvements in performance we observed. It is also 
plausible that overt rehearsal may additionally distinguish children with certain traits that also 
help recall (e.g., the brighter children may be the ones more likely to adopt these effortful 
strategies, as well as being more likely to remember more). We do not have independent 
measures of intellectual or personality traits that might enable us to say how much rehearsal 
strategy adoption depends on these factors. However, we think that the observation that overt 
rehearsal benefits the specific trials on which that rehearsal occurred suggests that the benefit 
occurs at least in part because of the rehearsal action, rather than because of other traits of the 
individual performing it.

Memoranda were presented at a rate of one item every 2 seconds, as in Flavell et al. 
(1966). This pace is probably not ideal for encouraging spontaneous rehearsal during 
stimulus presentation, because it leaves little time for participants to do more than verbalize 
the most recent item. Children’s lexical access speed varies within the ranges of ages we 
studied, and it is likely that many children in our sample, especially the younger children, 
needed more time to initiate verbalization of each new item (AuBuchon et al., 2022). 
Studying adults, Tan and Ward (2008) found that even with 5-second per item presentation 
rates, participants could only cumulatively rehearse the first few list items. This finding 
tends to support the suggestion that rehearsal cannot generally proceed in the idealized way 
it is described, particularly when lists exceed a comfortable length. Our participants were 
also observed during a 15-second post-list retention interval, which would give ample time 
to attempt further rehearsal of the items. However, if ongoing rehearsal during list pre-
sentation is crucial for eventual recall accuracy, children may have had difficulty remem-
bering the items and their order to initiate rehearsal after list presentation. Future 
investigations of overt rehearsal in children should consider using slower paces of pre-
sentation to ensure that children would have enough time to cumulatively rehearse. This 
investigation arose from a multilab replication initiative (Elliott et al., 2021), and was 
naturally limited by the focus of that research. Nonetheless, undertaking the confirmatory 
multilab replication study afforded the possibility to conduct the exploratory analyses 
reported here on a very large, diverse sample, showing that these large-scale replications 
can add value beyond their primary aims (cf. AuBuchon et al., 2022).

In our large, diverse sample of children from several countries, 10-year-olds did not 
perform much better than 7-year-olds in terms of average number of items recalled in 
correct order per list, though their average maximum recall lengths were considerably 
higher. We suspect that though 10-year-olds were quite far from ceiling in our delayed 
recall task, this contrast between their maximum performance (more than 4 out of 
a maximum span of 5 on average) and their average number correct per list likely reflects 
variability of effort. If rehearsal is effective, but effortful and applied strategically, then 10- 
year-olds might have neglected to engage it for short lists, perhaps because they were over- 
confident about their ability to remember short lists. As list length increased, they appar-
ently deployed rehearsal to achieve a high maximum score. Ten-year-olds would also be 
more likely to covertly rehearse, which would mean that our sample of overt rehearsers may 
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have missed out many 10-year-old participants who might have been covertly rehearsing at 
least as much. However, note that on average the 10-year-olds who sometimes overtly 
rehearsed out-performed the 10-year-olds who never overtly rehearsed at each list length 
(Refer to Table 2).

Regardless of age, children who sometimes overtly rehearsed performed better than 
children who never overtly rehearsed. According to our inferential analyses, the magnitude 
of the boost that overtly rehearsing gave to maximum performance was comparable in all 
ages. This is inconsistent with the idea that verbal rehearsal is unavailable to children 
younger than 7 or so, as previously surmised (Gathercole, 1998). Possibly, the age of 
rehearsal acquisition is younger than previously supposed, and a younger age must be 
nominated for when rehearsal capability emerges. The absence of an interaction between 
age and rehearsal on performance in our data should be treated with caution: although we 
have a large sample, there were few trials per participant per list length, which will make 
individual values volatile. But also, our focus on observable overt rehearsal behavior 
naturally means that any fluent covert rehearsers were classed as “never” rehearsing, 
which one would expect would decrease evident differences between rehearsers and non- 
rehearsers. That we observed a measurable benefit while overtly rehearsing across the 
sample despite these limitations at the least confirms that the rehearsal strategy is available 
to children as young as 5 years old.

Taking this further, it is also reasonable to assume that the strategy of using speech to 
preserve information is available quite early, but is more consistently chosen and deployed 
as children mature. As shown in our analyses and those of Poloczek et al. (2019), children 
throughout the ranges of 5–10 years old report using a variety of strategies in picture 
memory tasks, including doing nothing at all, which may have been likely on trials in our 
study where overt rehearsal was not observed. This is consistent with the possibility that 
effortful strategies such as cumulative rehearsal are not always deployed, even by older 
children who adopt them more frequently and remember more. If we assume rehearsal 
requires effort, it stands to reason that one may decline to do it if it seems unnecessary or 
futile. Overt rehearsal could be seen as a specific application of proactive attentional control 
(Braver, 2012; Chevalier, 2015), in which a response is prepared before it is prompted. We 
would expect older children over 7 years old to use any proactive strategy more sponta-
neously and frequently, but would also expect that children under 7 could engage 
a proactive strategy when encouraged to do so (Chevalier et al., 2015). Verbal rehearsal 
may not require a special status, but may be simply considered one of a range of strategies 
that children can adopt, with older children more likely to spontaneously adopt it than 
younger children. Crucially though, when younger children do adopt a proactive strategy in 
an appropriate context, such as verbally rehearsing object names in a picture memory task, 
their performance improves.

Overall, our analysis suggests that children do not always rehearse, but when they overtly 
rehearse they are doing something that benefits serial memory. They are more likely to 
engage in rehearsal under circumstances when something extra is needed to boost their 
memory. The evidence we present here is consistent with the position that rehearsal is an 
effective means of preserving information, but not with the assumption that rehearsal is 
constantly occurring in the background with minimal effort. As such, these findings bolster 
existing evidence about strategic remembering during childhood, and also present chal-
lenges to prominent theoretical assumptions about how memory functions.
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